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Abstract

The main focus of this thesis is to tune a lab scale autonomous drilling rig. The rig requires a

robust control architecture that can manage unforeseen risks and problems, and at the same

time optimize the systems performance to maintain a high rate of penetration (ROP). Such the

small scale drilling rig requires very short reaction time, for fault detection and problem

management to achieve good performances. This thesis goes in to the dynamic process

modelling, electromagnetic interference shielding and data filtering required to run the

real-time lab scale autonomous drilling rig.

Results show that the simulations made in this thesis of the torsional vibration drill string is

close to real torque measurements. Kalman filter has also been implemented, and show that it

can give better WOB accuracy while drilling. Electromagnetic compatibility (EMC) has been

improved and results in better data quality, giving more accurate controller parameters, which

have increased the ROP on the small scale drilling rig.

Ken André Klæhaug

Stavanger, June 14, 2018
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Chapter 1

Introduction

Since the beginning of the oil and gas adventure, it have had an enormous impact in the daily

life of people all around the globe. Since then, technologies also evolved exponentially. Today

we have technologies to develop advanced systems, replacing people from dangerous site

work, thus making a safer environment offshore. The new technology will also ideally increase

performance of an oil rig and also reduce production and high downtime expenses.

Available technology includes advanced control systems, and intelligent algorithms. This

technology has the potential to monitor multiple processes and execute commands with better

performance and precision than a human. Therefore development of new machines also

requires significant amount of testing now as before. Especially since it has the goal of

replacing humans in production, and operate autonomously. Autonomous drilling has come

interesting for the oil and gas industry, since cost of production has increased and oil prices

decreased for the last couple of years.

1.1 Background

Drilling Systems Automation Technical Section (DSATS) of SPE has made an competition;

named Drillbotics for inrernational universities to contribute with their ideas and design of an

autonomous drilling rig. For this competition, University of Stavanger (UiS) has made a

laboratory-scale drilling rig, which made it to the finals in 2017, and received a strong 3rd place.

Improving the drilling rig is therefore the main focus for team UiS in the 2018 Drillbotics

competition. In order to improve the performance, electrical-/control- system and mechanical

designs must be robust. Understanding how the rig operates and knowing the limitations, in

addition to theoretical conditions, are the key for better performance. Changes to the overall

rig design is also carried out for the competition; old ideas and new changes to the rig are

further carried out in Chapter 2 - Rig Design.

1



CHAPTER 1. INTRODUCTION 2

This thesis will focus on the mathematical dynamic model of the drill string, to further

understand and control the rig performance.

1.1.1 Problem formulation

Listed is the problems to be studied and improved for this thesis:

• Mathematical model of the drill string,

• Electromagnetic interference,

• Filtering, Kalman filter,

• Control system.

It is observed that sensor measurements sometimes are out of synchronization during real

time operations. Some measurements arrive early or late due to sensor malfunctions etc. Due

to these inconsistent sampling frequencies of different measurements, the weight on bit

(WOB) will fail to maintain correct regulations. Improvements can be made to maintain correct

WOB, and are listed:

• Reduce electromagnetic interferance. Cables and junction box have to be moved away

from the source and shielded. The effects of EMI can cause increase in error rate to a

total loss of the data. Since the source is very close to the sensors and micro-controllers,

EMI must be reduced.

• Kalman filter can be implemented to further improve the data quality and control

parameters.

• An optimal control algorithm can be integrated to sufficiently regulate theoperational

parameters of the system. Parameters regulate the performance which the rig is able to

drill through different rock formations. To optimize the system, two PID-controllers are

considered; Revolutions per minute (RPM) control and WOB control.

• Study and make a mathematical model of the process; drill string, in order to estimate

parameters and mitigate vibrations. This is under a theoretical assumption, without

being dependant on the drilling rig, according to challenges listed in section 1.1.2 and 1.2.

1.1.2 Previous challenges

Key challenges in transforming the system from semi-autonomous to fully autonomous:

• Bad data quality.
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• Insufficient data, especially for near-bit torque, bit vibrations and pipe deformation.

• Finding relevant mathematical models for the scale of the system .

• Designing, tuning and implementing PID controller to control WOB.

• Detecting a formation change through drilling.

• Detection and especially mitigation of extensive vibrations, buckling etc.

1.2 Key challenges

Key challenges are the new implementations that are carried out by the group or individual

thesis work, to improve the rig for the 2018 competition. These challenges also make the rig

inoperative for a longer time period. They include:

• Main upgrade of the rig is re-location of fuse box, which was originally placed beside a

motor on the rig top plate.

• Included in the re-location, is to replace all wires going to the fuse box with shielded

wires, as well as “cleaning” wires inside the fuse box.

• Mechanical upgrades; drill string, circulation system, etc.

• Re-write all code to Python from C-sharp (C#).

• Experiments and testings regarding Phd. and thesis studies.

1.3 My contributions

My contribution to the project has been, giving a mathematical model of the drill string. It also

goes into the measures of shielding the rig in order to reduce EMI as well as the use of Kalman

filter to improve sensor data. Besides the thesis work, collaboration in getting the rig fully

functional for the competition. Listed is the main focus of the thesis:

• Making a mathematical model and a new control system design in Chapter 4, Control

and modelling.

• Experimenting and compare results with the real data in Chapter 5, Experiments and

results.

• Re-wireing and shield the rig, as well as being available for other implementations to the

rig.
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1.4 Organization of the thesis

Thesis is organized as follows:

• Chapter 2; Rig design, explains the different parts and functions of the drilling rig.

• Chapter 3; Theory of subject that needs more details.

• Chapter 4; Control and modelling, is the main focus of the thesis, describing control

system and mathematical model of torsional drill string dynamics.

• Chapter 5; Experiments and results of theories and simulation model.

• Chapter 6; Conclusion.



Chapter 2

Rig Design

This chapter gives a overview and specifications of different parts on the rig, and equipment

installed. Parts of the rig that are specifically of interest for this thesis is the rotation system,

vibrations, DAQ amplifier and EMI. Other parts of this section are common work of the project

group. A through and detailed thesis of the rig design, was done by group members, see te

details in their bachelor’s thesis. [7]

Figure 2.1: Picture of the autonomous lab-scale drilling rig 2018.

Figure 2.1 shows the 2018 team UiS drilling rig. A good rig design is very important whether it

involves full scale drilling rigs or laboratory small scale rigs. Laboratory rigs, if design properly,

5
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can simulate a full scale rig adequate, but many problems regarding full scale rigs can also be

neglected. That involves for example high temperatures in the wellbore, gravity regarding WOB

or high pressures. Even on the laboratory rig, some problems are very important to handle, and

the most crucial for operation is vibrations. Vibrations from the drill pipe is also a crucial part

of problem handling on full scale rigs, since big vibrations can destroy the wellbore or

equipment; vibrations have the potential of destroying the whole rig, if not correctly handled.

Overall design of the rig, see fig. 2.2, is made to test a small scale rig relatively good,

autonomously. On the laboratory rig it is possible to test theories and problems regarding

drilling in a safe environment, and compete in the yearly Drillbotics competition.

Figure 2.2: Rig Design schematic. LC - Load cell sensor, P - Pressure transmitter, Ttd - Top drive torque.
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2.1 Drilling

2.1.1 Rotation

Mathematical modelling of the torsional drill string dynamics is calculated and deduced in

section 4.2.1. The whole drill string is limited to; Round Aluminum Tube 3/8 inch diameter x 36

inches long; 0.049 inch wall or equivalent, in accordance to restrictions in the competition

rules. [8]

Figure 2.3: Rotational system schematic.

In figure 2.3 motor on the top plate rotates the drill pipe, and is restricted to limitations through
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a motor driver. Reason for the limitation is that the pipe may twist-off during long drilling

sessions. As the speed increases, the risk of twist-off also increases if the drill bit suddenly gets

stuck. Drill bit is designed in the matter to reduce vibrations and increase the ROP.

2.1.2 Top Drive

Figure 2.4: Top drive of the laboratory rig.

A top drive (TD), see fig. 2.4, is an hollow-shaft drilling machine, making it possible to circulate

drilling fluids in the borehole while drilling. On the laboratory rig, a hollow-shaft brushless

motor, APM-HE09ACH, is classified as the TD. To prevent decrease in ROP, and potential

twist-off, torque and RPM are limited in a driver. The driver calculates the dynamic motor

model and sends torque/RPM feedback to a PLC (Arduino DUE).

To control the top drive motor a driver XDL-L7PA008UE is installed. The driver makes it

possible to control top drive motor accurately, being able to set limitations to torque and RPM.
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Figure 2.5: Top drive driver, XDL-L7PA008UE from LS industrial systems.

The driver takes care of the mathematical modelling of the motor, giving the correct

measurements for torque and RPM, and easy control of the motor. This relieves the PLC of

heavy calculations, which would cause delays. Measurements for RPM and torque are further

received by the HBM-DAQ amplifier and are used for monitoring and calculations; UCS, MSE,

etc.
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2.2 Hoisting system

Figure 2.6: Hoisting of the top deck, with load cells on each actuator.

Hoisting system is to move the drill string and to maintain force on the bit to penetrate the

formation, or relieve force on the bit. As Figure 2.6 shows, a top deck is placed between three

actuators, which is controlled by three synchronized Nema 23 stepper motors; one for each

actuator. As for other equipment placed on the top deck, there is the top drive and three load

cells. The load cells are located under the top deck, which measure force on bit and total weight

of top deck and equipment mounted under it. Each motor further communicates with an

Arduino micro-controller which receives set-point parameters from calculations depending on

WOB, ROP and MSE.

2.3 Circulation system

Liquid is pumped from the tank with two synchronous pumps to prevent overheating, a bigger

pump was proposed, but the price and the size of the pump was to extensive. Further the

liquid flows through a pressure relief valve, which bleeds off liquid to the tank if the pressure

gets to high. In Figure 2.7 sensor "P" measures the pressure of the system, which is used to
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control the pumps. The manual gate valve is used to simulate overpressure, in which the

pressure sensor measures the pressure build-up. The liquid then flows through an hollow-shaft

motor, through the drill string, where the liquid increases the dampening factor and stiffens the

pipe. At last the liquid ends up down-hole, to remove cuttings and lubricate the hole.

The circulation can contain oil and/or other substances, to help for better performance of the

rig. The substance in the circulation system also lubricate the hole and prevent the bit/BHA to

exceed high temperature. Due to safety and spill possibility, the circulation contains water

through testing and experiments in this year competition.

Figure 2.7: Complete circulation schematic.

The old design had problems with the pump overheating when drilling, which shutdown the

pump for few seconds. By shutting down circulation, problems will occur in the hole, which

also adds downtime in the overall operation. The new design now contains two identical

pumps to prevent overheating, and will only be operated one at a time.
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2.4 Control system equipment

2.4.1 Arduino DUE

Description Limit range

Micro-controller AT91SAM3X8E

Operating Voltage 3.3V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-16V

Digital I/O Pins 54 (12 PWM output)

Analog Input Pins 12

Analog Output Pins 2 (DAC)

Total DC Output Current on all I/O lines 130 mA

DC Current for 3.3V Pin 800 mA

DC Current for 5V Pin 800 mA

Flash Memory 512 KB

SRAM 96 KB (two banks: 64KB and 32KB)

Clock Speed 84 MHz

Length 101.52 mm

Width 53.3 mm

Weight 36 g

Figure 2.8 & Table 2.1: Arduino DUE specifications [1]

Arduino DUE is a 32-bit ARM micro-controller, made as an open source environment for

commercial use and research purposes. The micro-controller has 54 input/output pins, where

12 can be used as PWM outputs. In addition to the I/O pins, the board also has 2 pins for

digital-to-analog conversion capability (DAC). Connection to the board is done via the

micro-USB port to an external computer. There are three options of powering the

micro-controller; safest alternatives are with an power jack or micro-USB cable. The most risky

powering method is with a battery or AC/DC-adapter, since too high current may fry the
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micro-controller. Arduino DUE can also be used to power sensors either by outputting 0-3.3V

signal or 5V, directly from the pins. [1]

Arduino is known for their big network of programmers, using the micro-controller in both

simple and advanced systems. Because of the popularity, libraries have been developed, to

make it even better to use, as well as guides on "how to...". Arduino DUE micro-controller is

also popular because of performance reliability, with the capability to execute heavy

calculations in complex systems. Since the micro-controller delivers a flash memory of 512 KB

and an 84 MHz clock, the micro-controller may have difficulties doing time-critical operations,

and at the same time doing heavy calculations.

2.4.2 HBM QuantumX

Figure 2.9: 8-channel HBM QuantumX MX840B

HBM QuantumX MX840B is an 8-channel DAQ amplifier with individual channel

configuration. The channels can be used to measure sensor data from a wide range of sensors;

pressure, rotational speed, thermal, etc. QuantumX uses a “Plug & Measure” technology, to

automatically identify any connections, and immediately start measuring. Some of the main

features is a sampling rate of 40 kS/s and signal bandwidth of 7 kH z, making it suitable for

analyzing and measuring of electrical and mechanical vibrations; in addition to noises in the

time, frequency and angle domain.[9]

2.4.3 Sensors

Other sensors not listed in this section is the torque and RPM, which are mentioned in section

2.1.2.
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Load Cells

Load cells are used to measure WOB and to detect and measure vibrations while drilling.

Implemented on the rig is three FNZ 0-100N (X/Y/Z-100N) LC, each with force sensors; Fx , Fy

and Fz direction.

Description Limit range

Sensor FNZ 0-100N (X/Y/Z-100N)

Capacity 100N

Rated output (approx.) 1.0 mV/V

Non-linearity ±0.05%

Hysteresis 0.1%

Non-repeatability ±0.05%

Ingress protection IP62

Figure 2.10 & Table 2.2: triaxial load cell specifications. [2]

The load cells are implemented under the top plate on each actuator, making the capacity up

to 300N for tension and compression.

Height

The height sensor, SICK Distance Sensor Dx35, is placed at the top of the rig pointing

downwards to the top plate. The height sensor calculates the distance the top plate travel, thus

giving an indication of the depth drilled. This only gives a rough approximation of the depth til

the down-hole tool is in operation.

Table 2.3: Height sensor specifications.

Description Limit range

Measuring range 50 - 1200 mm (90% remission)

Resolution/-analog output 0.1 mm/12 Bit

Accuracy ±10 mm

Output rate 1 - 32 ms

Response time 2.5 - 96.5 ms

Switching frequency 333 - 6 Hz

Power consumption É 1.7 W
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Figure 2.11: Hoisting of the top deck, with load cells on each actuator.

Pressure

A pressure transmitter, Gems Series 3100, is used in order to detect leak or an over pressure

scenario. The pumps in the circulation system have a cut-off pressure of 3.1 bar , but the built

in pressure transmitter in the pumps can not detect a leak scenario. Pressure transmitter also

ensures that the circulation system operates within the desired threshold. Since the pumps

provide maximum flow rate as default, the transmitter must calculate the flow rate as a

function of pressure. This lowers the flow rate by opening the leak-off valve gradually to

achieve the desired pressure.
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Figure 2.12: Pressure transmitter; Gems Series 3100.

Down-hole measurement

Down-hole tool is a new implementation and is designed by Simen Jøsang Nilsen and Ole

André Hjelm in their master’s thesis.

Figure 2.13: Down-hole tool, BHA with printed circuit board (PCB) housing, containing accelerometer
and micro-controller.

Down-hole tool contain PCB with a micro-controller and accelerometer, the PCB is designed so

that it can fit inside the BHA close to the bit. This makes it possible to receive real-time data

from the well. The accelerometer is used to detect uncertainties in the formation, bit speed and

vibrations, and send the data to a micro-controller on the PCB with SPI protocol.

Micro-controller then converts the data and sends it to the surface with CAN2.0B protocol,

where the data is logged into a database. [10]
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2.5 Drilling problem management

Delays in operation is highly crucial, therefore fault detection and management is very

important. In an autonomous environment, the machine must carry out work, that is usually

done semi-automatically on full scale rigs in operation. The most common problems that the

control system has to detect and manage are happening in the well. Since the focus is the

laboratory small scale drilling rig, only problems relevant to this rig are discussed. General

problems on full scale rigs are more complex and may be irrelevant in laboratory; such as

temperature, which is negligible. In addition to drilling critical problems, EMI is also a serious

problem on the laboratory scale drilling rig. EMI effects the data received, making the drilling

operation imprecise. The disturbance is further explained in section 3.3 and how it can be dealt

with.

2.5.1 Vibrations

Calculating and measuring vibrations on the drill-string can be very complex, and is therefor

an entire subject in drilling theory. To handle the vibrations, one can model the different types

of vibrations, to further control/reduce the actions causing vibrations. There are three types of

vibrations; axial, torsional and lateral.

Figure 2.14: Drilling schematic.

Axial vibrations is caused when the bit bounces up and down, thus creating shockwaves along

the drill-string. This type of vibration can cause damage to the bit and BHA, and may also lead

to reduced ROP. The material of the drill-string reduces (dampens) the vibrations. It is

recommended to reduce RPM and increase WOB, in order to maintain high ROP. [11]
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Lateral vibrations are caused by whirl, when the drill-string moves in the transverse direction.

The lateral vibrations can cause damage to the bit, BHA and wellbore, when the drill-string

rotates off the borehole geometric center. Whirl can be differentiated into; bit whirl, BHA whirl,

forward and backward whirl. Bit whirl is the result of bit crating greater hole than the bit

diameter, thus making the bit move freely in the hole. If the BHA is smaller than the wellbore it

can create BHA whirl, which may result in forward or backward whirl if the drill-string bends.

Forward whirl is vibrations in the same direction as the drill-string rotates, backward whirl is

seen in the opposite direction. To reduce the lateral vibrations, a stiffer BHA can prevent

motion in the transverse direction. To prevent damage it is recommended to stop drilling til the

vibrations fade away. In general, one can also reduce RPM and increase WOB if lateral

vibrations occur. [11]

Torsional vibrations are caused by frictional torque on bit and BHA in relative to the rock

formation, which is also known as stick slip. This type of torque decelerates the bit and

drill-string, but are re-accelerated, which can cause the bit to have a much higher RPM than

the TD. Stick slip can be described as an jerking motion, when two surfaces are sliding over

each other; for instance screeching brakes on a car. This problem is rarely seen in vertical wells,

and can cause severe damage to the bit and drill-string, which also causes the ROP to decrease

rapidly. In order to maintain drilling, reduce WOB and increase RPM. [11]

2.5.2 Twist-off

A twist-off occurs if the drill bit gets stuck; comes to a forced stop, or stick slip, which makes TD

torque exceed limitations of the drill-string (over-torque).

2.5.3 Pack-off

Occurs if the wellbore around the drill string gets clogged, caused by wellbore collapsing

around drill-string or inadequate transportation of cuttings.

2.5.4 Key seating

Is a typical problem when drilling deviation wells, because the drill collars, stabilizers or drill

string wears into the wellbore. It is a combination of rotating the drill string and side forces

imposed to the wellbore.

2.5.5 Overpull

Caused by the bit or stabilizers being stuck in the wellbore. This may damage the drill-string by

stretching it vertically, and may also do harm to actuators.
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2.5.6 New formation

Different rock formations may cause damage to the bit or drill string, previous mentioned

problems may occur if not handled correctly. A new formation is detected by the system with a

sudden increase or decrease in ROP. This leads to change in the calculation of uniaxial

compressive strength (UCS) when a formation is detected. Founder points is found by

sweeping RPM and WOB to reach the optimal ROP.

2.5.7 Bit balling

Typically caused by to high WOB and shale formations (clay) in addition to poor bit-design.

Because of inadequate transportation of cuttings, the drill bit becomes covered in cuttings.

Reduces ROP since the drill bit grind the surface of the formation rather than cut into it. If bit

balling occurs; pick off bottom, lett the bit hydraulics to clean the cutters, continue drilling

with higher RPM and lower WOB. [11]

2.6 Rate of penetration

When drilling a full scale well on-/off-shore; or small scale wells in laboratory, with advanced

drilling machines, it is important to always maintain a safe operation while drilling. To

maintain a safe operation, restriction to ROP is calculated. ROP measures how quick the drill

bit can deepen the wellbore, without risking life, environment and equipment. In practice and

on the laboratory small scale rig, it is important to maintain a high ROP as possible, when

accounting for cost and efficiency.[12] . ROP is defined as change in bit depth, dh(t ), versus

change in time, d t , given in feet per hour or meters per hour.

Equation for the instantaneous ROP is defined:

ROP (t ) = dh(t )

d t
(2.1)

2.7 Formation detection

Uses calculations of MSE and UCS to detemine a new formation

Mechanical specific energy

MSE is a measurement which determine the amount of energy required to drill a certain

volume of rock. [13]
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Todd Robert Hamrick have deduced the equation transformation in his report [13] from 2011

on page 10. As proposed, MSE is derived as energy input divided by volume removed:

MSE = Ener g y i nput

V olume out put
(2.2)

On the lab scale drilling rig, UCS and CCS is equal to one another, caused by lack of pressure on

the rock sample. MSE is calculated from ROP, WOB, torque on bit and rotational speed. [14]

Uniaxial Compressive Strength

UCS is used to evaluate a material’s maximum axial compressive stress, before failing. The

measure gives an estimate of the material strength [15]. Figure 2.15 is a table describing the

rock classification, given a UCS measurement. [3]

Figure 2.15: Determination of UCS by hand held accessories.[3]

On the lab scale drilling rig, a down-hole tool have been implemented, to be able to detect new

rock formation in real-time. To calculate the UCS on the rig, a surveillance system is in place, to

calculate the approximate UCS [MPa] for formations. Calculation of UCS is based on the

bit-torque and ROP, and uses a approximate friction factor ranging between 0.84 and 0.93 [14].

2.8 Human machine interface

To operate the drilling rig, all commands and alerts are handled through the HMI. The

interface is divided into seven sections, seen in figure 2.16.
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Figure 2.16: HMI design, control panel.

1. Communication ports

COM. port drop-down tabs lets the user choose which input port (USB port) on the com-

puter a micro-controller uses.

2. Start autonomous mode/Emergency stop

START Autonomous tells the drilling rig to operate autonomously, and is mainly used for

the competition. Generate PDF report makes a well log and of the current operation. Emer-

gency Stop is a precaution in addition to a physical emergency stop switch, which will stop

the whole operation if a dangerous situation occurs. STOP ALL SYSTEMS, same as emer-

gency stop but do not shut the power off.

3. Ongoing occurrence

Highlight a condition, this is to tell the control system to handle accordingly, in addition

to give a warning of potential drilling problems.

4. Monitoring data, real-time values

Data is also stored in a database for further being analyzed, the numbers gives the current

value of a sensor/measurement. At this point the Current formation section is not used.
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5. Rig operation monitor

Highlight the current state of the operation.

6. Manual controls

This panel is not operational in autonomous mode. Manual controls is mainly used to test

the drilling rig in faults, critical conditions and testing.

7. Operation time and distance drilled

Gives an indication of the total drilling operation and the distance the rig has drilled into

a formation. Note: longest distance is set to 60 cm, which is the depth of the competition

sample formation.

Visualization of the operation state is shown in figure 2.17. This screen shows analog-/digital-

measurements, and real time plots. Plots are placed horizontally in order to have an easy

visualization of the current depth.

Figure 2.17: HMI design, operation status screen.

1. ROP (mm/min) and incidents

This section shows the current ROP the rig is drilling. Incident marks red if a fault/incident

occurred, where the problem handling acts accordingly.

2. Analog measurements

Visualize the current measurement state of the rig.
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3. Digital measurements

Show the current depth and digital number measurements.

4. Rig monitor

Live feed from web-cameras on the rig. Currently shows the formation detection search

while drilling.

5. Well log

Also saved to the database, and is the real time plot from the measurements/sensor data.



Chapter 3

Theory

Chapter 3 gives the necessary theory behind communication, Kalman filter and EMI/EMC.

3.1 Communication protocols

When operating the top drive at high RPM, vibrations or stuck pipe may lead to equipment

being damaged. Therefore the delay must be as small as possible; response time > 2 ms, can

cause damage to equipment. Good communication between equipment is therefore

important, so that the control system or problem management can make fast decisions, and

take rapid caution regarding faults that may occur.

Communication protocols used in the system are SPI; between Arduino and equipment, and

CAN; between DAQ - sensors. This setup leads to a small delay, but is still feasible to operate

the rig at high RPM, safely.

3.1.1 Serial Peripheral Interface

SPI is a synchronous serial data protocol which micro-controllers use at high speed

transmission over short distances, in communication with one or more peripheral devices. [16]

Figure 3.1: SPI setup with one master and one slave. [4]

24
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Between devices SPI uses four physical connections:

• Master In Slave Out (MISO): Slave sending data to master.

• Master Out Slave In (MOSI): Master sending data to slave.

• Serial Clock (SCK): Synchronizes data transmissions to clock pulses by master.

• Slave Select (SS): Master selects a specific device it wants to communicate with by

enabling or disable communication.

Figure 3.2: SPI setup with one master and multiple slaves. [4]

Multiple slaves can be connected to the master device at the same time. By setting SS state to

high, a slave can ignore any messages the master is sending, thus excluding specific devices in

the current transmission loop. Setting SS state to low, allows the slave to communicate with the

master. On Arduino the limit of SPI devices connected to the micro-controller is simply

restricted by the amount of available digital output pins of the Arduino.

3.1.2 Controller Area Network

CAN is a communication protocol commonly used in modern vehicles. Using

micro-controllers in network to communicate with each other, and is similar to integrated

cable networks. The concept is simple; sensors, computers, etc. are connected on one BUS,

which use only one twisted pair in a network cable. Each device connected to the BUS have all

electronic information available at all times. Figure 3.3 shows a simple CAN BUS setup. [5]
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Figure 3.3: Simple CAN description. [5]

On the lab scale drilling rig, CAN is used for communication between sensors and arduinos to

DAQ, allowing fast data readings.

3.2 Kalman Filter

The full derivation of Kalman’s theory, when deduced in its entirety can be overwhelming.

Further derivation of the Kalman’s theory is therefore explained in its simplicity, to make it

easier to understand. A through derivation of the filter can be studied in the book: Kalman

Filtering and Neural Networks.[17] The derivation will include the essential parts of a standard

Kalman filter used in this thesis.

Kalman filter is named after Rudolf E. Kálmán, he was collaborating in the development of the

filter at the end of 1950’s and beginning of 1960’s. In the years after up to these days, the filter

have had a great impact in the development of newer technologies.

Applications or technology; i.e. navigation and guiding systems in aerospace as well as

navigation on the ground (GPS), where the accuracy of position and/or velocity is very crucial.

In such applications the Kalman theory improves the estimates of position to vehicles, planes

and spaceships. Kalman filter can also be used to collect data from various independent

sources to provide an comprehensive estimate compared to estimates created individually.



CHAPTER 3. THEORY 27

A Kalman filter is an algorithm that uses numerous measurements over time to produce an

estimation of a more accurate measurement. These measurements often contain noise or

other uncertainties. By using a recursive method the Kalman filter calculates an optimal

estimate of the value. Formally a Kalman filter is the recursive state estimator of an process

affected by stochastic disturbances and stochastic noise. [6]

Other implementations of Kalman filter have also been developed, improving the filter to also

handle non-linear systems. Some improvements of the original Kalman filter are listed:

• Extended Kalman filter (EKF); non-linear version of standard Kalman filter. Considered

standard in theory of non-linear state estimation. EKF linearizes estimate of the current

mean and covariance.

• Unscented Kalman filter (UKF); used in non-linear systems. UKF propagates sampling

points through a non-linear map by setting these points around the current state based

on its covariance.

• Ensembled Kalman filter (EnKF); used in high order non-linear models, where the

initial states are highly uncertain, and large number of measurements are available.

Often used in wheather forcasting. [18]

3.2.1 Observability

Whether or not the theoretical model of a process is observable, the method gives a solution to

the question, by giving the observable states as result. Meaning, the process measurements

must depend on the initial conditions one wish to receive information from. Resulting a lower

number than the initial states, the process model is not observable.

Given the state-space of discrete time linear system.

x(k +1) =Φx(k)+Γu(k) (3.1)

y(k) = Dx(k)+Eu(k) (3.2)

Further assume direct link Eu(k) from 3.2 is equal to zero; matrix E = 0 or if it cannot be

applied, assume vector u(k) = 0. The derivations is not time-varying and noise is not applied.

Observability in the nth-order plant 3.1 and 3.2 if the matrix

OM =


D

DΦ
...

DΦn−1

 (3.3)

is of rank n, OM is the observability matrix.[19]
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3.2.2 Notations

Before the derivation of Kalman filter some notations and words need a brief explanation.

A posteriori: After measurement at time step k. Condition x̂(k) calculated when u(k) and y(k)

are known. Previous information is stored in the estimate of condition x̂(k −1).

A priori: Before measurement at time step k. Condition x̄(k) calculated from previous values of

u(k −1) and y(k −1), and estimate of previous condition x̄(k −1).

Estimation deviation: Is the difference between true condition x(k) (unknown) and A

posteriori estimate, x̂(k). Estimation deviation can be written, x̃(k) = x(k)− x̂(k).

Table 3.1: Listings of parameters used in the derivations of Kalman filter. It is common to assume E(k) = 0
and matrices not time-varying at time step k. [6]

Parameter Description Dimensions

x(k) and x(k +1) is the state at time step k and k+1 respectively n x 1

u(k) control input at time step k s x 1

v(k) process noise at time step k n x 1

y(k) actual measurement at time step k l x 1

w(k) measurement noise at time step k l x 1

Φ(k) state transition matrix at time step k n x n

Γ(k) control gain matrix at time step k n x s

Ω(k) Disturbance matrix at time step k n x n

D(k) measurement matrix at time step k l x n

E(k) direct link matrix at time step k l x s

Q auto-covariance matrix for process noise v(k) k n x n

R auto-covariance matrix for measurement noise w(k) k l x l

K (k)) optimal kalman gain, sum of diagonal elements in P̂ (k) n x l

K̄ (k) prvious optimal kalman gain value n x n

P̂ (k) covariance matrix to a posteriori estimation deviation n x n

P̄ (k) covariance matrix to a priori estimation deviation k n x n

Further the Kalman filter uses the condition vector and various estimates of it

• x(k), true condition vector at time step k. Unknown and true value for the system condi-

tion.

• x̂(k), A posteriori condition estimate.

• x̄(k), A priori condition estimate at time step k.



CHAPTER 3. THEORY 29

• x̃(k) = x(k)− x̂(k), estimation deviation at time step k.

Figure 3.4: Block diagram of a standard discrete Kalman filter. [6]

xs is a setpoint. Controller also gets its input from a state estimation x̂(k). Process input u sent

from the controller and output the measurement y , both are sampled and sent as inputs to the

Kalman-filter. K, Kalman gain, is normally calculated for every time step k, but is set as a

constant in this figure. Covariance matrices P̄ (k) and P̂ (k) is used for calculating K, where P̂ (k)

gives a estimate of the uncertainty in the state estimates. For non-linear systems (EKF) the

matricesΦ and D will also be time variant, which is then calculated for every time step, as an

linearization around the operation point.

Equations (3.4) to (3.8) is the recursive algorithm, with values before time step k and (k −1)

known.

x̄(k) =Φx̂(k −1)+Γu(k −1) (3.4)

P̄ (k) =ΦP̂ (k −1)ΦT +Q (3.5)

K (k) = P̄ (k)DT (DP̄ (k)DT +R)−1 (3.6)

x̂(k) = x̄(k)+K (k)[y(k)−Dx̄(k)] (3.7)

P̂ (k) = (I −K (k)D)P̄ (k) (3.8)
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3.3 Electromagnetic Interference

Regarding EMI, the laboratory drilling rig suffered allot from the disturbance. EMC measures

was not considered in the 2017 design of the rig, which had an enormous impact in the data

quality, thus receiving and handling corrupted sensor data. In the 2018 design, EMC has been

improved, and sensitive parts have been isolated, which is one of the biggest improvement in

the new design. Regulation and theory of EMI and EMC are explained briefly.

One of the fundamental forces of nature is electromagnetism, which holds matter together. It

can be used to describe the magnetic field around an electric wire, by the flow of current. When

coiling a wire, electric current increases over a small distance, thus increasing the magnetic

field.

Electric motors use the coiling of wire to generate a magnetic field. The magnetic field in the

motor then generates a force with a magnet, causing electrical energy. Energy generated from

the magnetic field is then converted into physical movement.

Electromagnetic interference (EMI) can be described as the distortion between different

magnetic fields; e.g. one generated from a motor and the other following an electrical current

in a cable, thus interfering with one another. The amount of EMI is dependant on the current

that flows through a cable or coil. A cable transmitting data from a sensor will also generate a

magnetic field, but is more sensitive to the disturbance. Corrupted data from EMI is hard and

impossible to remove in digital filters, because the filtered data is identical to the real-data.

Digital filters remove noise in signal, but removing noise caused by EMI will result in filtering

real-data, if the disturbance is to extreme. [20]

In an ideal process the EMI is reduced to not existing, but in the real world that is not the case.

Therefore in order to handle EMI, one have to understand how the electrical system and the

environment around is operating. Introducing electromagnetic compatibility (EMC),

describing how well sources of EMI are handled and reduced; in addition to shielding of

sensitive equipment.

Planing distribution systems with EMC measures [21]:

• Distribution facility must be planed carefully.

• Devices transmitting large effects, such as transformers, main distributors, subdivisions,

rail and cable routing, shall have sufficient distance (and shielding) to areas containing

noise sensitive equipment.

• For precaution, using shielded cables everywhere will always come to the equipment’s

favour, and it is the grounding of the screen that determines the effect of the display.
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• Electrical disturbances can easily propagate between one cable and another if they are

placed beside each other in rails or cable routings.

• When planing and installation of distribution systems, technician is always obliged to

follow regulations regarding protective earthing.

• EMC earthing is to lead noisy current in the desired path, and away from sensitive

equipment or cables.

As mentioned above, projects regarding distributed systems is always obliged to follow current

regulations regarding EMC-earthing and the overall installation. Refer to applicable

regulations, as of March 2018:

• EMC directive (European Commission), Directive 2004/108/EC relating to

electromagnetic compatibility and repealing Directive 89/336/EEC. [22]

• FEU, regulation regarding electrical equipment (in norwegian).[23]

• NEK EN 60 204-1, Safety of machinery - Electrical equipment of machines - Part 1:

General requirements. It is the choice of engineering of electrical equipment and

electrical installations on machines.[24]

• NEK EN 60 439-series, consist of three parts: [25]

– Part A, general requirements of electrical low voltage panel design.

– Part B, electrical low voltage boards for special purposes.

– Part C, guide, how to specify electrical low voltage panels.

• NEK 700:2016, consists of three main parts (701-703) and is the planing of cabling

installations in buildings and outdoor. Secures a minimum requirement of quality in

every aspects of infrastructure and information-technology. [26]



Chapter 4

Control and modelling

Chapter 4 is the work that this thesis collaborate to the project. Drill string dynamics is

developed using physics theory behind a drill pipe. Drill string model is also further used in

experiments through a simulation in Simulink. Kalman filter is used to improve sensor

measurements. Results considering Kalman filter will be used to analyze the estimated

measurements. Kalman filter is therefore not used in the control system this year.

4.1 Control system

The control system uses the similar structure as in 2017, except now using the HBM-DAQ

amplifier for sensor readings. It is divided into three separated control loops; Rotation, hoisting

and circulation. Each system uses an arduino micro-controller to handle separated closed

loops. A proposed improvement for the control structure is presented for this thesis.

32
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Figure 4.1: Communication architecture.

Sensor interface: Each sensor contributes to the control system by receiving real-time

measurements and conditions of the process. Torque, RPM and vibration measurements send

raw data to the rotation system. WOB calculation and height measurements send data to the

hoisting system. Pressure transmitter sends data to circulation system.

Perception & low-level control: This is where the calculations for control are executed.

Rotation system uses measurements to calculate the RPM. Hoisting use measurements to

calculate WOB. Circulation system outputs the pump status. Low level control also

communicates between high-level control to handle raw sensor measurements, by the

HBM-DAQ amplifier. A solution to improve the control system in figure 4.2 consists of

multiloop PID control, and Kalman filter for PID parameter estimation.

Acquisition & high-level control: High-level control handles data received by the low-level

control, to monitor the condition of the system. This level controls the process and monitors

the conditions to ensure operations running in safe windows.

4.1.1 Proposed control system

A new control system is proposed in this thesis. To control RPM and WOB by introducing

multiloop control system. Following this way the two controllers for rotation and hoisting can

collaborate in the process to optimize ROP.
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Figure 4.2: Multiloop PID control of RPM and WOB.

Figure 4.2 shows the structure of control system. Block containing equation:

Tbi t = a1Fbi t +a2
ẋ3

θ̇1
, variables given later, is the representation of torque on bit, where a1 and

a2 are unknown. Rotational system is considered to be the fast system, since it operates at high

speeds. Operating at high RPM will also require quick actions from problem handling, to

prevent any incidents while drilling. Hoisting system; WOB and height, is generally operating

at low speed through the operation. WOB control uses the measurement from height and LC

sensors in order to estimate the WOB. In both systems Kalman filter is integrated in order to

estimate good measurement estimations from the sensors, thus optimizing the PID

parameters.

4.2 Drill string dynamic model

Drilling a hole in a formation; either it is cement, sandstone, granite, etc. the force applied to

the drill string will cause vibrations. These vibrations can potentially damage the drill pipe,

equipment and the wellbore. In order to understand the vibrations, and the impact, one can

associate the model with a mass-spring-damping system, ref. figure 4.3. Spring is the drill

pipes degree of materialistic flexibility. Damping is the pressure inside the drill string, higher

pressure increases the dampening factor. Drill string dynamics is derived into two separated

models; axial and torsional, where both have influence to the process.

4.2.1 Torsional

The torsional model is developed and is similar to the axial model. The two models, torsional

and axial have different forces, and elements considered in the applied directions. As for the
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physical model, the drill string is considered to be a mass-spring-damping system with three

elements, giving three DOF. The model is to estimate the vibrations and movement of the

system, for which the controllers are implemented.

Figure 4.3: Physical dynamic model of an drill string.

Ttd top drive torque.

Tbi t bit torque.

Tn torque; drill pipe, BHA and bit.

Cn damning coefficient.

Kn spring coefficient.

Mn mass; drill pipe, BHA and bit.

θn angle; drill pipe, BHA and bit

Torsional is the rotation of the drill sting, and uses the stiffness of the system rather than the

masses. The model measures the vibration laterally. [27]
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The simplified solution with initial conditions can be expressed:

J θ̈+C θ̇+Kθ = T (4.1)

When increased to three DOF like figure 4.3, the system can be deduced:

[J ]θ̈+ [C ]θ̇+ [K ]θ = T (4.2)

Where,

J =

J1 0 0

0 J2 0

0 0 J3

 (4.3a)

C =

c1 + c2 −c2 0

−c2 c2 + c3 −c3

0 −c3 c3

 (4.3b)

K =

k1 +k2 −k2 0

−k2 k2 +k3 −k3

0 −k3 k3

 (4.3c)

θ =

θ1

θ2

θ3

 (4.3d)

T =

 0

0

−Tbi t

 (4.3e)

Since the model is in the torsional direction, x (position) from axial model is changed to θ,

which is the angle (r ad/s) of the drill string. M (mass) is changed to J (joint). Given the drill

string model with three DOF, the equations become:

T1 =−c1θ̇1 −k1θ1

T2 = c2(θ̇1 − θ̇2)+k2(θ1 −θ2)

T3 = c3(θ̇2 − θ̇3)+k3(θ2 −θ3)

(4.4)

J1θ̈1 =−c1θ̇1 −k1θ1 − c2(θ̇1 − θ̇2)−k2(θ1 −θ2)

J2θ̈2 = c2(θ̇1 − θ̇2)+k2(θ1 −θ2)− c3(θ̇2 − θ̇3)−k3(θ2 −θ3)

J3θ̈3 = c3(θ̇2 − θ̇3)+k3(θ2 −θ3)

(4.5)
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Where

θi angle of joint i

ki stiffness coefficient for string section i

ci internal damping coefficient for string section i

Ti torque from string section i to i+1

Ttd torque from top drive

Tbi t torque from bit

ji inertia from string section i

θ̈1 = 1

j1
(−c1θ̇1 −k1θ1 − c2(θ̇1 − θ̇2)−k2(θ1 −θ2))

θ̈2 = 1

j2
(c2(θ̇1 − θ̇2)+k2(θ1 −θ2)− c3(θ̇2 − θ̇3)−k3(θ2 −θ3))

θ̈3 = 1

j3
(c3(θ̇2 − θ̇3)+k3(θ2 −θ3))

(4.6)

Changes the states to standard notation, and input to eq. 4.6, applies definitions below:

x1 = θ1 x4 = ẋ1 = θ̇1 ẋ4 = θ̈1

x2 = θ2 x5 = ẋ2 = θ̇2 ẋ5 = θ̈2

x3 = θ3 x6 = ẋ3 = θ̇3 ẋ6 = θ̈3

(4.7)

ẋ1, ẋ2, ẋ3 are included to the state space model to get a square system matrix. Inserting the

definitions to eq. 4.6 gives:

ẋ1 = x4

ẋ2 = x5

ẋ3 = x6

ẋ4 = 1

j1
(−(k1 +k2)x1 +k2x2 − (c1 + c2)x4 + c2x5)

ẋ5 = 1

j2
(k1x1 − (k2 +k3)x2 +k3x3 + c2x4 − (c2 + c3)x5 + c3x6)

ẋ6 = 1

j3
(k3x2 −k3x3 + c3x5 − c3x6)

(4.8)

Equations then give the time-invariant model:

ẋ = Ax (4.9)
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A =



0 0 0 1 0 0

0 0 0 0 1 0

0 0 0 0 0 1

− (k1 +k2)

j1

k2

j1
0 − (c1 + c2)

j1

c2

j1
0

k1

j2
− (k2 +k3)

j2

k3

j2

c2

j2
− (c2 + c3)

j2

c3

j2

0
k3

j3
−k3

j3
0

c3

j3
−c3

j3


(4.10)

x =



x1

x2

x3

x4

x5

x6


(4.11)

Adding force to the model gives the new time-invariant state space model equation:

ẋ = Ax+Bu

y = Cx
(4.12)

Further changing the equations; only the last part (bit) equation changes:

T3 = c3(θ̇2 − θ̇3)+k3(θ2 −θ3 −Tbi t ) (4.13)

J3θ̈3 = c3(θ̇2 − θ̇3)+k3(θ2 −θ3 −Tbi t ) (4.14)

θ̈3 = 1

j3
(c3(θ̇2 − θ̇3)+k3(θ2 −θ3)−Tbi t ) (4.15)

B =



0

0

0

0

0

1


(4.16)

u = −Tbi t

j3
(4.17)

y is the conditions that are measured in the model, giving:

C =
[

0 0 0 1 0 0
]

(4.18)
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Where the fourth element is measurable, which corresponds to θ̇1; RPM of the top drive.

4.2.2 Axial

Axial model is the up/down movement direction of the drill string. This model uses the masses

of the drill string, and measures the vibrations vertically, i.e. when pushing down on the rock.

This model was carried out by a Phd. student. The final solution can be expressed, and is

similar to the torsional solution as

M ẍ +C ẋ +K x = F (4.19)

4.3 Torsional model simulation

To test and verify the mathematical torsional model of the drill string, it was implemented in

Matlab Simulink. The model is configured accordance to the equations (4.8) in chapter 4.2.1.

Simulink model also uses available information on the subject, from MathWorks [28].

4.3.1 Simulink model

First part of the model shows inputs and outputs of the torsional model blocks. It is possible to

add input to all three systems in order to simulate force on the respective system. In the real

process, the force input comes from the top drive motor, rotating the drill string. If the drill

string does not touch the bottom formation, there will be no counter force to the rotation

direction. Touching the formation will cause the friction, which will counter the force added

from the top drive. The force on the third system, bit, is therefore considered as the input, to

this model. It will operate as if force on the bit is already known, however the part that we can

control is the top drive.
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Figure 4.4: System with controller Gc and plant; torsional model. Controlling θ̇1 and feedback the error.
Force on Tbi t =−5.

Figure 4.4 show the force on bit is set to −5 torque (N m) in accordance to the drill string model

in section 4.2.1. Force is given to the bit while top drive torque is controlled. While adding force

to the model the initial conditions are set to zero. Setting a force to the measurable initial

condition, θ̇4, gives the response of the system at the given force. A controller is also added to

the simulation, which can be turned off, in order to experiment with constant input.
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Figure 4.5: Complete mass-spring-damper system.

Figure 4.5 shows the complete torsional model sub-system. Each block consist of one

mass-spring-damper system, and is considered one as one DOF. Adding more sub-systems

increases the DOF.

Figure 4.6: Block diagram of the first mass-spring-damper system.
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Figure 4.6 represent one mass-spring-damper sub-system. Input to the block is force (initially

zero), dampening (c2) and spring (k2 from the the second model. The sub-system outputs θn

position and θ̇n velocity.

PID controller block, Gc torsional, is shown in figure 4.7. This block is made considering the

PID equation (4.20).

Figure 4.7: PID controller used in the system.

u = Kp e +Ki

∫ t

0
e d t +Kd

d

d t
e (4.20)

Dampening factor of the system is set to 5∗106 as a standard. Reason for this value is the

model stiffness. The true value is not known, and is an assumption, for now. If the factor is

higher than 5∗106 with constant input, the response will dampen as it increases. Setting the

dampening factor to zero gives oscillations, which fade-out over time. Figure 4.8 shows the

response of the model with the standard dampening.
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Figure 4.8: Dampening factor Dr = 5∗106, standard.



Chapter 5

Experiments and results

Experiments given below are based on simulation results, and are the results of the

contributions made through this thesis.

5.1 Simulink simulations

Table 5.1 shows the measurements of the drill string to simulate the torsional drill string

dynamics. This gives an estimated response of how a new part or pipe may influence the the

process. If logged measurements are given, one can calibrate the dampening factor, and

stiffness factor. [Simen Jøsang Nilsen and Ole André Hjelm, master’s thesis].

44
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Table 5.1: Drill string measurements used in the simulation experiments.

Measurement Real measurement value (stiff )

Lengths (L)

Pipe 914.4 mm

BHA 238.9 mm

Bit 140.0 mm

Outer diameters (OD)

Pipe 9.525 mm

BHA 27.781 mm

Bit 28.575 mm

Inner diameters (ID)

Pipe 7.62 mm

BHA 7.62 mm

Bit 7.62 mm

Densities (d)

Pipe 2700 kg /m3

BHA 2700 kg /m3

Bit 7850 kg /m3

Modulus of rigidity (G)

Pipe 69∗109 Pa

BHA 210∗109 Pa

Bit 164∗109 Pa

Dampening factor

Dr 2∗108

Measurements from Table 5.1 is further used in calculations 5.1 to 5.4. These calculations

estimate the joint, spring and dampening coefficients.

Mass moment of inertia:

In = (
π

32
)∗ (OD4

n − I D4
n) (5.1)

Spring coefficients:

kn = Gn ∗ In

Ln
(5.2)

Polar moment of inertia:

Jn = dn ∗ In ∗Ln (5.3)

Dampening coefficient:

cn = Dr ∗Ln (5.4)
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Table 5.2 is the PID parameters used in the simulations. These are found from trial and error,

and tuned if measurements of table 5.1 change.

Table 5.2: Control parameters used in the simulations.

PID parameters

Paramaeter Value

Kp 36∗109

Ki 1

Kd 5∗106

Dr 2∗108

5.1.1 Results from simulation

Simulation is tested through three experiments. Experiments give an indication of how the drill

string reacts to different conditions, with drill string measurements.

• Experiment 1: Open-loop system.

• Experiment 2: PID controller added to the simulation.

• Experiment 3: Varying velocity initial condition.

Experiment 1

First experiment does not have the controller activated, which will give a natural response to a

force on the bit.
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Figure 5.1: Position versus velocity of top drive, no dampening.

Observed in figure 5.1 with given force (torque) of 5 N m, the vibrations do not settle and will

continue infinitely. Higher dampening settles the vibrations faster, and will not oscillate if

dampening is high enough.

Figure 5.2: Position versus velocity of top drive, with dampening, and step input.
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Setting a step input starting at 5 N m, and go to zero after 40 seconds. Figure 5.2 show that the

model follows and settling at zero, still with low oscillations. Velocity do not oscillate, when set

to zero.

Figure 5.3: Position versus velocity of top drive with dampening.

Figure 5.3 shows the response of the model with dampening. Here the vibrations settles

quickly, and have some oscillations the first second.

Experiment 2

In experiment two, the results are critically damped, where the position reaches the setpoint

given to the model.
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Figure 5.4: Model response with controller on and with dampening.

Figure 5.4 show that position is controlled in this model by adding a force. Position reaches the

setpoint, and stay constant even when the velocity reach zero. The position starts to settle at

the point where red and blue line meet.

Figure 5.5: Model response with controller on and step input
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Adding a step input, shown in figure 5.5, the response reacts to the setpoint at 40 seconds.

Letting the force go from 5 N m to zero show that the velocity goes below zero, forcing the

position to zero.

Experiment 3

Experiment three use the initial conditions, where the force input is set to zero. This

experiment show how the model reacts at the point of the initial force and going to zero.

Equation (5.5) shows the initial condition θ̇1 = 5

θ1

θ̇1

θ2

θ̇2

θ3

θ̇3


=



0

5

0

0

0

0


(5.5)

Figure 5.6: Top drive response. Initial condition, θ̇1 = 5
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Figure 5.7: Bit response. Initial condition, θ̇1 = 5

Figure 5.6 and 5.7 is the response of top drive and bit, with initial condition θ̇1 = 5. θ1 show a

huge displacement response, as the velocity settles quickly. Bit displacement gives the same

amplitude as displacement, as should be expected. The bit velocity have smaller amplitudes,

though lower velocity than the top drive, due to dampening.

Giving initial condition to θ̇3 = 5, gives the equation (5.6)

θ1

θ̇1

θ2

θ̇2

θ3

θ̇3


=



0

0

0

0

0

5


(5.6)
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Figure 5.8: Top drive response. Initial condition, θ̇3 = 5

Figure 5.9: Bit response. Initial condition, θ̇3 = 5

Adding initial condition to the bit, θ̇3, as from the mathematical model, shown in figure 5.8 and

5.9. The velocity is higher on the top drive, and bit velocity dampens faster.
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Figure 5.10: Twist-release of drill pipe.

Figure 5.10 shows data from the drilling rig and is the response of a twist-release experiment.

This test is carried out by twisting the drill pipe slightly, and release the twist force. This gives

gives the response of an initial condition. The figure show that, at the release time, have slightly

the same response as shown in the simulation.

5.2 Electromagnetic Interference

Before any testing could be executed, the rig needed shielding and relocation; cables and

arduinos, due to high amount of EMI and vibrations. This part is done in order to compare the

result of the actions taken in order to reduce EMI.
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Figure 5.11: Old load cell measurements using HBM DAQ amplifier at 9600 Hz.

Load cell data from figure 5.11 show that the amplitudes are higher when the motor is on.

Amplitude will further increase as the motor RPM increases.

Figure 5.12: Old FFT of load cell measurements

Figure 5.12 show more information about the measurement. The load cell measurement is

transferred to the frequency domain with FFT (fast fourier transform). As the motor is off, there
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are still noise, this comes from environmental conditions, and might not always be the same.

Turning on the motor increase the noise in the signal, corrupting it as the speed increases.

Response also show highest peaks at high frequencies; 1596 H z, 2285 H z and 2667 H z.

Figure 5.13: New load cell measurements using HBM DAQ amplifier at 9600 Hz.

Shielding cables have reduced the environmental noise slightly, and the noise exposure from

the motor have also been reduced, shown in figure 5.13.

Figure 5.14: New FFT of load cell measurements.
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FFT of the measurement show that the environmental noise is still a issue. But do not corrupt

the data in the matter that it causes problems in operation. Motor on reveal more peaks at

lower frequencies now, than before. The overall noise have been reduced.

Figure 5.15: Old load cell measurements with load.

Figure 5.16: New load cell measurements with load.

Comparing figure 5.15 and 5.16, the new system have less noise in the data when the motor is

on. This gives more accurate WOB calculation, and better control of the drilling rig.
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5.3 Kalman filter

This section gives the result analysis of the Kalman filter. The Kalman filter used on the

measurement data set do not use the state space model of the process. Program reads sensor

data, estimates the a posteriori estimate of the measurement. Auto-covariance matrix Q,

process noise, is manually tuned in order to fit the data.

Kalman filter is tested in order to analyze if it is useful for future implementation on the

drilling. Implementing the filter means to reduce the time delay and increase WOB accuracy.

Data set tested in this thesis is therefore from the WOB data, which is the output from axial

direction modelling of the drilling rig.

Considering equations (3.4) to (3.8), WOB is assumed to be constant, andΦ= 1.

Figure 5.17: Estimated WOB.

Figure 5.17 is from WOB data set, this shows that Kalman filter can increase the accuracy of the

data. Better accuracy also gives the PID controller more precise data in order to control the

drilling rig. All the oscillations in the data is caused by vibrations in the process, which the

Kalman filter reduce, in order to give a precise state.
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Figure 5.18: Estimated WOB, time 2.6 - 3.6.

Figure 5.18 is zoomed into the figure 5.17, the cropping shows that there are a time shift in the

estimated measurement.
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Conclusion

In this thesis, drill string modelling for torsional direction have been deduced and simulated.

Control system part became theoretical, where a proposed improvement to it was introduced.

Data quality was improved by introducing EMC to the system, which was one of the biggest

upgrades on the rig this year. Analysis of the sensor data show that Kalman filter in future

implementation, have the possibility to improve the WOB data readings containing vibrations.

Drill string model was designed in order to understand the system conditions. The model is

also tested in simulation, which was made in Matlab Simulink. Both the mathematical model

and simulation are designed using general rules in physics as well as research papers regarding

mass-spring-damper systems. Test results show that the simulation is not perfect. Accurate

drill string measurements and more advanced simulation will give better results. With

advanced simulation means; introducing friction, motor model, axial model and interruptions

one might encounter during drilling. When all these measures are accounted for, one can start

to simulate the process, and should be very close to results received on the drilling rig.

Simulation results of the torsional model show that it is promising. When compared to real

torque data, and given initial condition to the simulation, the results show close relations to

one another.

Control system in this thesis gives an idea of how the hoisting and rotation system can be

integrated to cooperate in the process. Using multiloop control where the slow system handles

the control of the less crucial part of the process, for a more accurate control. However in order

to implement multiloop control it is recommended to upgrade the micro-controller to a more

advanced or use industrial PLC. Arduino is good for simple projects or operations, but as the

project advances the micro-controller is to simple. Meaning it cannot handle multiloops or

multiple operations, i.e. why there are three arduinos installed on the drilling rig.

Data quality was improved by making the drilling rig EMC; shielding cables, shielded fuse box,

move fuse box away from the source. The actions taken improved the data quality for the LC
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sensors, which now gives better readings due to less noise. The LC sensors was not moved, and

are still affected by the TD motor. However by placing the amplifiers and arduinos away from

the motor, still gave better data quality, when comparing old data with new.

Kalman filter was implemented to WOB measurement in order to analyze effects such filter

could give. The results show that, implementing Kalman filter to the operation will give better

readings of WOB data. Improving the WOB data, can also increase the ROP since the controller

will stay more stable than varying. If Kalman filter is to be implemented in according to figure

4.2, the micro-controller must be upgraded. In order to handle multiple loops and advanced

calculations.

Recommendation for future work includes multiloop controllers, micro-controller/PLC and

advanced simulation. From an advanced model/simulation of the process it is possible to

develop a digital twin of the drilling rig. A digital twin is a simulator which have the same

response as the real drilling rig. Where the simulation receives commands as the physical rig

would get, and handles faults and conditions the same way. National Oilwell Varco (NOV) have

developed a digital twin of one of their drilling ships, this simulator is used to train future

offshore drillers. To achieve this goal, more research and further development of the process

model needs to be prioritized. [29]
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Appendix A

Codes

A.1 Simple Kalman filter

This code reads a Matlab file, reads a variable from workspace and process the data. Scipy and

Numpy libraries must be installed. Pylab is a standard Python library to plot the data.

1 import scipy.io as sio
2 import numpy as np
3 import pylab
4

5 class KalmanFilter(object):
6

7 def __init__(self, Q, R):
8 self.Q = Q # Auto-covariance for process noise
9 self.R = R # Auto-covariance for measurement noise

10 self.xhat = 0.0 # A posteriori condition estimate
11 self.Phat = 1.0 # A posteriori estimation deviation
12

13 def input_latest_WOB_data(self, measurement):
14 # Predict
15 xbar = self.xhat # A priori condition estimate
16 Pbar = self.Phat + self.Q # A priori estimation deviation
17 # Update
18 K = Pbar / (Pbar + self.R) # Kalman gain
19 self.xhat = xbar + K * (measurement - xbar) # A posteriori condition estimate
20 self.Phat = (1 - K) * Pbar # A posteriori estimation deviation
21

22 def get_latest_estimated_measurement(self):
23 return self.xhat
24

25 if __name__ == "__main__":
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26 # Get data from .MAT (matlab file) or data matrix
27 data_read = sio.loadmat(r'D:\motor_off_600Hz.MAT', struct_as_record=False)
28 # Relevant data from matlab file
29 WOB_data = data_read['Channel_5_Data']
30 # Sampling time of the data set
31 SamplingTime = data_read['Channel_1_Data']
32 # Length of data set.
33 iteration_count = len(SamplingTime)
34 # xrange for Python 3.6 and range for 2.7 (both 32 bit)
35 xrange=range
36

37 # Standard deviation of measurement data set
38 measurement_std = np.std([WOB_data * 2.0 - 1.0 for j in xrange(iteration_count)])
39

40 # Defining noise measurement
41 Q = 0.0009e-6
42 R = measurement_std ** 4
43 kalman_filter = KalmanFilter(Q, R)
44 xhat_est = []
45

46 # Get the latest measurement
47 for iteration in xrange(0, iteration_count):
48 kalman_filter.input_latest_WOB_data(WOB_data[iteration])
49 xhat_est.append(kalman_filter.get_latest_estimated_measurement())

A.2 Matlab

Attached Matlab scrip, function and data files in this thesis:

• Freq_analysis: Function to calculate the FFT of data set.

• kalman_func: Kalman filter function.

• sim_3DOF_mass_spring_damping_torsional: Simulation of the torsional drill string

model.

• dataset_plotting_torsional: Plotting of data and reading data set. Uses Freq_analysis to

transform data set from time domain to frequency domain.

• SIMULINK_parameters: Drill string, PID and Initial condition parameters used in

sim_3DOF_mass_spring_damping_torsional.

• motor_off_600Hz
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• motor_off_9600Hz

• motor_on_9600Hz



Appendix B

Equipment manuals

Manuals is found in attachments followed by this thesis report.

B.1 Sensors

B.2 Pump and Motors

B.3 Micro-controller and QuantumX DAQ

B.4 Schematics
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Appendix attachments/A2 Matlab/motor_off_load_9600Hz.MAT

Channel_1_Data:[149279x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x26  char array]





Channel_2_Data:[149279x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x10  char array]


			[1x1  char array]


			[1x1  char array]


			[1x2  char array]





Channel_3_Data:[149279x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x2  char array]





Channel_4_Data:[149279x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x10  char array]


			[1x1  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[149279x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





Channel_6_Data:[149279x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_7_Data:[149279x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x2  char array]


			[1x1  char array]


			[1x5  char array]





Channel_8_Data:[149279x1  double array]


Channel_8_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x4  char array]





Channel_9_Data:[149279x1  double array]


Channel_9_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x12  char array]





Channel_10_Data:[149279x1  double array]


Channel_10_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





Channel_11_Data:[149279x1  double array]


Channel_11_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x3  char array]





Channel_12_Data:[149279x1  double array]


Channel_12_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x7  char array]





Channel_13_Data:[149279x1  double array]


Channel_13_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x13  char array]





Channel_14_Data:[149279x1  double array]


Channel_14_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x13  char array]





Channel_15_Data:[149279x1  double array]


Channel_15_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x5  char array]





Channel_16_Data:[149279x1  double array]


Channel_16_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x12  char array]





File_Header:[1x1  struct array]



			[1x2  char array]


			[1x1  char array]


			[1x7  char array]


			[1x19  char array]


			[1x1  char array]


			[1x6  char array]









Appendix attachments/A1 Python/KalmanFilter_data.py

import scipy.io as sio
import numpy as np
import pylab

class KalmanFilter(object):

    def __init__(self, Q, R):
        self.Q = Q                                      # Auto-covariance for process noise
        self.R = R                                      # Auto-covariance for measurement noise
        self.xhat = 0.0                                 # A posteriori condition estimate
        self.Phat = 1.0                                 # A posteriori estimation deviation

    def input_latest_WOB_data(self, measurement):
# Predict
        xbar = self.xhat                                # A priori condition estimate
        Pbar = self.Phat + self.Q                       # A priori estimation deviation
# Update
        K = Pbar / (Pbar + self.R)                      # Kalman gain
        self.xhat = xbar + K * (measurement - xbar)     # A posteriori condition estimate
        self.Phat = (1 - K) * Pbar                      # A posteriori estimation deviation

    def get_latest_estimated_measurement(self):
        return self.xhat

if __name__ == "__main__":
# Get data from .MAT (matlab file) or data matrix
    data_read = sio.loadmat(r'D:\motor_off_600Hz.MAT', struct_as_record=False)
# Relevant data from matlab file
    WOB_data = data_read['Channel_11_Data']
# Sampling time of the data set
    SamplingTime = data_read['Channel_1_Data']
# Length of data set.
    iteration_count = len(SamplingTime)
# xrange for Python 3.6 and range for 2.7 (both 32 bit)
    xrange=range

# Standard deviation of measurement data set
    meas_std = np.std([WOB_data * 2.0 - 1.0 for j in xrange(iteration_count)])

    Q = 0.0009e-6
    R = meas_std ** 4
    kalman_filter = KalmanFilter(Q, R)
    xhat_est = []
   
    for iteration in xrange(0, iteration_count):
        kalman_filter.input_latest_WOB_data(WOB_data[iteration])
        xhat_est.append(kalman_filter.get_latest_estimated_measurement())

# Plot measurement versus a posteriori estimate
    pylab.figure()
    pylab.plot(SamplingTime,WOB_data, color='r', label='WOB measurement')
    pylab.plot(SamplingTime,xhat_est, 'b-', label='xhat, a posteriori estimate')
    pylab.autoscale(enable=True, axis='x', tight=True)
    pylab.legend()
    pylab.xlabel('Time(s)')
    pylab.ylabel('WOB (Kg)')
    pylab.title('Estimated WOB measurement')
    pylab.show()






Appendix attachments/A2 Matlab/dataset_plotting_torsional.m

%% Declare data set
data_1 = Channel_6_Data; % Displacement data
data_2 = Channel_15_Data; % Displacement data
data_3 = Channel_5_Data; % Displacement data
Fs = str2double(File_Header.SampleFrequency);

[P1,f1] = Freq_analysis(data_1, Fs);
[P2,f2] = Freq_analysis(data_2, Fs);
[P3,f3] = Freq_analysis(data_3, Fs);

measurement_RPM = Channel_5_Data(0.4067*Fs:0.605*Fs);
measurement_Torque = Channel_6_Data(0.4067*Fs:0.605*Fs);

%%

Fs = str2double(File_Header1.SampleFrequency);
Fs1 = str2double(File_Header.SampleFrequency);

data_sing = Channel_2_Data1(11*Fs:16*Fs); % Displacement data
data_old = Channel_2_Data(5*Fs1:10*Fs1); % Displacement data

[P1,f1] = Freq_analysis(data_sing, Fs);
[P2,f2] = Freq_analysis(data_old, Fs1);

figure(1)
subplot(2,1,1)
plot(Channel_1_Data(5*Fs1:10*Fs1),data_old)
xlim([5 10]);
%ylim([-6 6]);
title('Load cell data with motor off')
grid minor
ylabel('mV/V')
subplot(2,1,2)
plot(Channel_1_Data1(11*Fs:16*Fs),data_sing)
xlim([11 16]);
%ylim([-6 6]);
title('Load cell data with motor on')
grid minor
xlabel('Time (s)')
ylabel('mV/V')

figure(2)
subplot(2,1,1)
plot(f2,P2)
xlim([0 4800]);
ylim([0 5*10^-4])
title('FFT: Load cell data with motor off')
ylabel('Amplitude')
subplot(2,1,2)
plot(f1,P1)
xlim([0 4800]);
ylim([0 14*10^-3]);
title('FFT: Load cell data with motor on')
grid minor
xlabel('f(Hz)')
ylabel('Amplitude')
%%
figure(1)
plot(Channel_1_Data(5*Fs1:10*Fs1),data_old)
%xlim([0 6.795]);
%ylim([-6 6]);
title('Load cell data with motor on')
grid minor
xlabel('Time (s)')
ylabel('mV/V')

figure(2)
plot(f2,P2)
%xlim([0 4800]);
%ylim([0 8*10^-6])
title('FFT: Load cell data with motor off')
ylabel('Amplitude')
%% Plot dataset and frequency analysis
figure(1);
subplot(2,1,1)
plot(Channel_1_Data,Channel_5_Data)
grid minor
%title('Logging: 0RPM, 9600Hz, 0 kg')
xlabel('time')
ylabel('Top drive torque')

subplot(2,1,2)
plot(f1,P1)
grid minor
%xlim([0 50]);
%xlim([0 200]);
%title('FFT: 0RPM, 9600Hz, 0 kg')
xlabel('f (Hz)')
ylabel('Amplitude')
%%
[dt,xt,x_dot,xbarEstimate,varEstimate,zeta,ohmega_d,ohmega_n] = kalman_func(measurement_Torque,Fs);

%%
figure(1);
%subplot(2,1,1)
plot(measurement_Torque)
%xlim([9.504 12]);
%grid minor
hold on
%subplot(2,1,2)
plot(xt,'.r')
grid minor

%%
figure(2);
%subplot(2,1,1)
plot(measurement_Torque,'.r')
%xlim([9.504 12]);
%grid minor
hold on
%subplot(2,1,2)
plot(xt-0.00000029,'.b')
grid minor
legend ('raw data-X','Model-X')
figure (3)
plot(diff(xt-0.00000029)/dt,'.r')
grid minor
legend ('Model-Xdot')

%%
figure(1);
subplot(2,1,1)
plot(xt)
xlim([0 8000]);
hold on  
plot(measurement)
xlim([0 8000]);
ylabel('Displacement')
legend('xtnew: model','Measurement')
grid minor
hold on
subplot(2,1,2)
plot(x_dot)
xlim([0 8000]);
grid minor
xlabel('Sample')
ylabel('Velocity')
legend('xdot: Velocity')

%% Plot kalman filtered model; mass-spring-damping system
figure;subplot(3,1,1);
plot(measurement)
%xlim([0 8000]);
hold on
plot(xbarEstimate(2,:),'.r');
%xlim([0 8000]);
ylabel('position')
legend('mesurement','Estimate')

subplot(3,1,2);
plot(xbarEstimate(1,:),'.r');
%xlim([0 8000]);
hold on
plot(x_dot,'.b');
%xlim([0 8000]);
xlabel('Sample')
ylabel('velocity')
legend('Estimate','xdot: model')

subplot(3,1,3);
plot(xbarEstimate(1,:),'.r');
xlabel('Sample')
legend('Estimate')

%% Torsional: Torque and RPM 
figure(1);
subplot(2,1,1)
plot(Channel_1_Data,Channel_6_Data)
hold on
plot(Channel_1_Data,Channel_15_Data)
%xlim([3.65 3.85]); % Test4twistrelease
%xlim([3.54 3.74]); % Test4twistrelease
%xlim([0.4067 0.605]);
%xlim([1.5 2.84]);
grid minor
xlabel('time')
ylabel('Torque')
legend('TD torque','Bit torque')
title('Torque of TD and bit')

subplot(2,1,2)
plot(Channel_1_Data,Channel_5_Data)
%xlim([3.65 3.85]);
%xlim([0.4067 0.605]);
%xlim([3.54 3.74]);
grid minor
xlabel('time')
ylabel('RPM')
legend('RPM')
title('RPM of TD')
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
figure(2);
subplot(2,1,1)
plot(measurement_Torque, 'r')
grid minor
xlabel('Samples')
ylabel('Torque')
legend('TD torque')


subplot(2,1,2)
plot(measurement_RPM)
grid minor
xlabel('Samples')
ylabel('RPM')
legend('RPM')
%% Plot dataset and frequency analysis
figure;
subplot(2,1,1)
plot(f1,P1)
hold on
plot(f2,P2)
%xlim([0 10]);
grid minor
xlabel('f (Hz)')
ylabel('Amplitude')
legend('TD torque FFT','Bit torque FFT')

subplot(2,1,2)
plot(f3,P3)
%xlim([0 10]);
grid minor
xlabel('f (Hz)')
ylabel('Amplitude')
legend('RPM FFT')
%%
Fs = 9600;
x = [-0.15708;0];
% Numerical solution
tspan=0:(1/Fs):0.2;
[t,xnew]=ode23('torsional_numerical_equation',tspan,x);

%measurement = Channel_5_Data(3.65*Fs:3.85*Fs);
%plot
figure(1)
plot(measurement)
%xlim([0.85 1.35]);
%xlim([3.54 3.74]);
grid minor
%xlabel('time')
%ylabel('RPM')
hold on;
for i=1:1
 
    plot(xnew(:,i));
 hold all
 
grid on 
grid minor
%xlabel('time')
%ylabel('Anguler Displacement')
title('Anguler Displacement')
hold on;

end





%% Load cell data
data_LC_on = Channel_8_Data_on;
Fs_LC_on = str2double(File_Header.SampleFrequency);
%%
data_LC_off = Channel_8_Data_off;
Fs_LC_off = str2double(File_Header.SampleFrequency);

data_LC_on_load = Channel_8_Data_on_load;
Fs_LC_on_load = str2double(File_Header.SampleFrequency);

data_LC_off_load = Channel_8_Data_off_load;
Fs_LC_off_load = str2double(File_Header.SampleFrequency);
%sample = Channel_1_Data(1*Fs_LC:20*Fs_LC);
%measure = Channel_2_Data(1*Fs_LC:20*Fs_LC);
%[P_LC,f_LC] = Freq_analysis(measure, Fs_LC);

[P_LC_on,f_LC_on] = Freq_analysis(data_LC_on, Fs_LC_on);
[P_LC_off,f_LC_off] = Freq_analysis(data_LC_off, Fs_LC_off);

[P_LC_on_load,f_LC_on_load] = Freq_analysis(data_LC_on_load, Fs_LC_on_load);
[P_LC_off_load,f_LC_off_load] = Freq_analysis(data_LC_off_load, Fs_LC_off_load);
%% Plot dataset and frequency analysis
figure(1);
subplot(2,1,1)
%plot(sample,measure)
plot(Channel_1_Data_off,data_LC_off)
%xlim([0 6.795]);
%ylim([-6 6]);
title('Load cell data with motor off')
ylabel('mV/V')
subplot(2,1,2)
plot(Channel_1_Data_on,data_LC_on)
%xlim([0 6.795]);
%ylim([-6 6]);
title('Load cell data with motor on')
grid minor
xlabel('Time (s)')
ylabel('mV/V')

figure(2)
subplot(2,1,1)
plot(f_LC_off,P_LC_off)
%xlim([0 4800]);
%ylim([0 8*10^-6])
title('FFT: Load cell data with motor off')
ylabel('Amplitude')

subplot(2,1,2)
plot(f_LC_on,P_LC_on)
%xlim([0 4800]);
%ylim([0 0.00021]);
title('FFT: Load cell data with motor on')
grid minor
xlabel('f(Hz)')
ylabel('Amplitude')

figure(3);
subplot(2,1,1)
%plot(sample,measure)
plot(Channel_1_Data_off_load,data_LC_off_load)
%xlim([0 6.795]);
%ylim([-6 6]);
title('Load cell data with motor off with load')
ylabel('mV/V')
subplot(2,1,2)
plot(Channel_1_Data_on_load,data_LC_on_load)
%xlim([0 6.795]);
%ylim([-6 6]);
title('Load cell data with motor on with load')
grid minor
xlabel('Time (s)')
ylabel('mV/V')


%%
%% Declare data set
data_1 = Channel_9_Data; % Displacement data
data_2 = Channel_6_Data; % Torque data
Fs = Channel_1_Data;

figure(1)
subplot(2,1,1)
plot(Fs,data_1)
xlim([0 1.5]);
%ylim([0 8*10^-6])
grid minor
title('Displacement, twist-release')
ylabel('Displacement (\mum)')

subplot(2,1,2)
%figure(1)
plot(Fs,data_2,'r')
xlim([0 1.5]);
%ylim([0 0.00021]);
title('Torque of top drive, twist-release')
grid minor
xlabel('Time (s)')
ylabel('Torque (Nm)')






Appendix attachments/A2 Matlab/Freq_analysis.m

function [ P1,f ] = Freq_analysis( data,Fs )

L = length(data);
fftt = fft(data);

P2 = abs(fftt/L);
P1 = P2(1:L/2+1);
P1(2:end-1) = 2*P1(2:end-1);

f = Fs*(0:(L/2))/L;

end








Appendix attachments/A2 Matlab/kalman_func.m

function [dt,xt,x_dot,xbarEstimate,varEstimate,zeta,ohmega_d,ohmega_n] = kalman_func(measurement,Fs)
              %Output                                         %Input

%% State parameters
dt= 1/Fs;
t = 0:dt:3;

Td = 0.0085; %Period
fd = 1/Td;

Torque0 = 2.84;%-5.848; %-6.8474;
x0 = 0.485;%-2.683*10^-6;%-2.64*10^-6;

zeta = (1/(2*pi*4))*log((0.4867)/(0.5292));
ohmega_d = 2*pi*fd;
ohmega_n = ohmega_d/sqrt(1-zeta^2);

Kequv = ;%Torque0/(x0);
Mequv = ;%Kequv/ohmega_n^2;
Cequv = 2*zeta*ohmega_n;%2*zeta*ohmega_n*Mequv;

%% State matrices
A = [(-Cequv/Mequv) (-Cequv/Kequv); 1 0];
 
B = [0; 1/Mequv];

u = 0;
%% Setting states
%xtnew = (x0*cos(ohmega_d*t)).*exp(-zeta*ohmega_n*t);
xt = (x0*cos(ohmega_d*t)).*exp(-zeta*ohmega_n*t); 
x_dot = diff(xt)/dt;

%% Defining states and observation of Kalman filter
xbar = [0;x0]; %Initial state
Gamma = 0.1*eye(length(xbar)); %Initial covariance
varEstimate = diag(Gamma); %Initial state variance
Phi = eye(length(xbar))+dt*A; %State transition matrix
D = [0 1]; %Observation function
G=1*eye(2); %Innovation/system error (G.w(k))-Process disturbance

%% Kalmna update

for i = 1:length(measurement)
% Prediction step
xbar = Phi*xbar;%+dt*B*u;
Gamma = Phi*Gamma*Phi'+G;

% Observation update
K = (Gamma*D')/(D*Gamma*D'); 
xbar = xbar + K*(measurement(i) - D*xbar);
Gamma = Gamma - K*D*Gamma;

xbarEstimate(:,i) = xbar;
varEstimate(:,i) = diag(Gamma);
end

end






Appendix attachments/A2 Matlab/motor_off_600Hz.MAT

Channel_1_Data:[4078x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x7  char array]


			[1x1  char array]


			[1x1  char array]


			[1x29  char array]





Channel_2_Data:[4078x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x7  char array]


			[1x1  char array]


			[1x1  char array]


			[1x2  char array]





Channel_3_Data:[4078x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x7  char array]


			[1x1  char array]


			[1x1  char array]


			[1x2  char array]





Channel_4_Data:[4078x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x7  char array]


			[1x1  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[4078x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





Channel_6_Data:[4078x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_7_Data:[4078x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x2  char array]


			[1x1  char array]


			[1x5  char array]





Channel_8_Data:[4078x1  double array]


Channel_8_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x4  char array]





Channel_9_Data:[4078x1  double array]


Channel_9_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x12  char array]





Channel_10_Data:[4078x1  double array]


Channel_10_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





Channel_11_Data:[4078x1  double array]


Channel_11_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x3  char array]





Channel_12_Data:[4078x1  double array]


Channel_12_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x7  char array]





Channel_13_Data:[4078x1  double array]


Channel_13_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x13  char array]





Channel_14_Data:[4078x1  double array]


Channel_14_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x13  char array]





Channel_15_Data:[4078x1  double array]


Channel_15_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x5  char array]





Channel_16_Data:[4078x1  double array]


Channel_16_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x12  char array]





File_Header:[1x1  struct array]



			[1x2  char array]


			[1x1  char array]


			[1x6  char array]


			[1x19  char array]


			[1x1  char array]


			[1x4  char array]









Appendix attachments/A2 Matlab/motor_off_9600Hz.MAT

Channel_1_Data:[129861x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x26  char array]





Channel_2_Data:[129861x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x2  char array]





Channel_3_Data:[129861x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x2  char array]





Channel_4_Data:[129861x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[129861x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x9  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





Channel_6_Data:[129861x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_7_Data:[129861x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x9  char array]


			[1x2  char array]


			[1x1  char array]


			[1x5  char array]





Channel_8_Data:[129861x1  double array]


Channel_8_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x4  char array]





Channel_9_Data:[129861x1  double array]


Channel_9_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x12  char array]





Channel_10_Data:[129861x1  double array]


Channel_10_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





Channel_11_Data:[129861x1  double array]


Channel_11_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x3  char array]





Channel_12_Data:[129861x1  double array]


Channel_12_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x7  char array]





Channel_13_Data:[129861x1  double array]


Channel_13_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x13  char array]





Channel_14_Data:[129861x1  double array]


Channel_14_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x13  char array]





Channel_15_Data:[129861x1  double array]


Channel_15_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x5  char array]





Channel_16_Data:[129861x1  double array]


Channel_16_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x12  char array]





File_Header:[1x1  struct array]



			[1x2  char array]


			[1x1  char array]


			[1x7  char array]


			[1x19  char array]


			[1x1  char array]


			[1x6  char array]









Appendix attachments/A2 Matlab/motor_on_9600Hz.MAT

Channel_1_Data:[133735x1  double array]


Channel_1_Header:[1x1  struct array]



			[1x8  char array]


			[1x1  char array]


			[1x1  char array]


			[1x26  char array]





Channel_2_Data:[133735x1  double array]


Channel_2_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x2  char array]





Channel_3_Data:[133735x1  double array]


Channel_3_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x2  char array]





Channel_4_Data:[133735x1  double array]


Channel_4_Header:[1x1  struct array]



			[1x9  char array]


			[1x1  char array]


			[1x1  char array]


			[1x2  char array]





Channel_5_Data:[133735x1  double array]


Channel_5_Header:[1x1  struct array]



			[1x8  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





Channel_6_Data:[133735x1  double array]


Channel_6_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x6  char array]





Channel_7_Data:[133735x1  double array]


Channel_7_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x5  char array]





Channel_8_Data:[133735x1  double array]


Channel_8_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x4  char array]





Channel_9_Data:[133735x1  double array]


Channel_9_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x12  char array]





Channel_10_Data:[133735x1  double array]


Channel_10_Header:[1x1  struct array]



			[1x10  char array]


			[1x3  char array]


			[1x1  char array]


			[1x3  char array]





Channel_11_Data:[133735x1  double array]


Channel_11_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x3  char array]





Channel_12_Data:[133735x1  double array]


Channel_12_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x7  char array]





Channel_13_Data:[133735x1  double array]


Channel_13_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x13  char array]





Channel_14_Data:[133735x1  double array]


Channel_14_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x13  char array]





Channel_15_Data:[133735x1  double array]


Channel_15_Header:[1x1  struct array]



			[1x8  char array]


			[1x2  char array]


			[1x1  char array]


			[1x5  char array]





Channel_16_Data:[133735x1  double array]


Channel_16_Header:[1x1  struct array]



			[1x7  char array]


			[1x2  char array]


			[1x1  char array]


			[1x12  char array]





File_Header:[1x1  struct array]



			[1x2  char array]


			[1x1  char array]


			[1x7  char array]


			[1x19  char array]


			[1x1  char array]


			[1x6  char array]









Appendix attachments/A2 Matlab/SIMULINK_parameters.m

%% Real measurements  (mm)
%----------------------------------------

% Lengths
L1 = 914.4; %9144;  mm        % Drill pipe
L2 = 238.9; %3789;  mm        % BHA
L3 = 140.0; %1000;    mm    % Bit

% Outer diameters
OD1 = 9.525; %0.1397;%0.009525;
OD2 = 27.781; %0.2095;%0.009525;
OD3 = 28.575; %0.0952;%0.028575;

% Inner diameter
ID1 = 7.62;%0.007747;
ID2 = 7.62;%0.007747;
ID3 = 7.62;%0.007747;

% Densities
d1 = 2700;%2700;%7850;%
d2 = 2700;%8050;%7850;%
d3 = 7850;%3510;%7850;%

% Mass moment of inertia
I1=(pi()/32)*(OD1^4-ID1^4); 
I2=(pi()/32)*(OD2^4-ID2^4); 
I3=(pi()/32)*(OD3^4-ID3^4);

G1=69*10^9;  %69   Alluminium 
G2=210*10^9; %210*10^9; %210
G3=164*10^9; %169*10^9; %164  Steel

% Spring coefficients
k1=G1*I1/L1;
k2=G2*I2/L2;
k3=G3*I3/L3;
k4=0;

% Polar moment of inertia
J1=d1*I1*L1;
J2=d2*I2*L2;
J3=d3*I3*L3;

% Damping coefficient, Dr is the damping factor of drilling fluid
%Dr=0.28;%28;%1000;%0.00012;%0.02;%0.1;
Dr=20000000;%200000000;
% Damping coefficients
c1=Dr*L1;
c2=Dr*L2;
c3=Dr*L3;
c4=0;

%% PID controller Torsional - RPM, manipulated measurements

Kp_ax   =36000000000;  %282.002;% 200;    % Proportional %2   2
Ki_ax   =1;%1; %100;% 100;    % Integral     %6 9 5
Kd_ax   =5000000; % 60;    % Derivative   %2.5 2
alpha   = 1;    % Initially set to 1
%% Real measurements  (m)
%----------------------------------------

% Lengths
L1 = 0.9144; %9144;  mm        % Drill pipe
L2 = 0.2389; %3789;  mm        % BHA
L3 = 0.1400; %1000;    mm    % Bit

% Outer diameters
OD1 = 0.009525; %0.1397;%0.009525;
OD2 = 0.027781; %0.2095;%0.009525;
OD3 = 0.028575; %0.0952;%0.028575;

% Inner diameter
ID1 = 0.00762;%0.007747;
ID2 = 0.00762;%0.007747;
ID3 = 0.00762;%0.007747;

% Densities
d1 = 2700;%2700;%7850;%
d2 = 7850;%8050;%7850;%
d3 = 7850;%3510;%7850;%

% Mass moment of inertia
I1=(pi()/32)*(OD1^4-ID1^4); 
I2=(pi()/32)*(OD2^4-ID2^4); 
I3=(pi()/32)*(OD3^4-ID3^4);

G1=69*10^9;  %69   Alluminium 
G2=164*10^9; %210*10^9; %210
G3=164*10^9; %169*10^9; %164  Steel

% Spring coefficients
k1=G1*I1/L1;
k2=G2*I2/L2;
k3=G3*I3/L3;
k4=0;

% Polar moment of inertia
J1=d1*I1*L1;
J2=d2*I2*L2;
J3=d3*I3*L3;

% Damping coefficient, Dr is the damping factor of drilling fluid
%Dr=0.28;%28;%1000;%0.00012;%0.02;%0.1;
Dr=1.0815;%200000000; 0.7
% Damping coefficients
c1=Dr*L1;
c2=Dr*L2;
c3=Dr*L3;
c4=0;
%% PID controller Torsional - RPM, real measurements

Kp_ax   =0.0000005;%0.00001;%18000000000; %36001099000;% 200;    % Proportional %2   2 11
Ki_ax   =0.0001;%0.001;%1; %0.0001;% 100;    % Integral     %6 9 5 8
Kd_ax   =0.0001;%0.000001; %6;% 60;    % Derivative   %2.5 2
alpha   = 1;    % Initially set to 1

%% Good measurements
%----------------------------------------

% Lengths
L1 = 9144;
L2 = 3789;
L3 = 1000; %1000;

% Outer diameters
OD1 = 0.1397;%0.009525;
OD2 = 0.2095;%0.009525;
OD3 = 0.0952;%0.028575;

% Inner diameter
ID1 = 0.007747;
ID2 = 0.007747;
ID3 = 0.007747;

% Densities
d1 = 7850;%2700;%7850;%
d2 = 7850;%8050;%7850;%
d3 = 7850;%3510;%7850;%

% Mass moment of inertia
I1=(pi()/32)*(OD1^4-ID1^4); 
I2=(pi()/32)*(OD2^4-ID2^4); 
I3=(pi()/32)*(OD3^4-ID3^4);

G1=69*10^9;  %69   Alluminium 
G2=210*10^9; %210
G3=169*10^9; %164  Steel

% Spring coefficient
k1=G1*I1/L1;
k2=G2*I2/L2;
k3=G3*I3/L3;
k4=0;

% Polar moment of inertia
J1=d1*I1*L1;
J2=d2*I2*L2;
J3=d3*I3*L3;

% Damping coefficient
Dr=0.35; %0.35; %0.35; %0.63
% Dr is the damping factor of drilling fluid
c1=Dr*L1;
c2=Dr*L2;
c3=Dr*L3;
c4=0;

%% PID controller Torsional - RPM, manipulated measurements

Kp_ax   =283;  %282.002;% 200;    % Proportional %2   2
Ki_ax   =50; %100;% 100;    % Integral     %6 9 5
Kd_ax   =1; % 60;    % Derivative   %2.5 2
alpha   = 1;    % Initially set to 1

%% Initial conditions - Torsional Model
theta_1 = 0;
theta_2 = 0;
theta_3 = 0;
theta_1_dot = 0;
theta_2_dot = 0;
theta_3_dot = 0;







Appendix attachments/A2 Matlab/sim_3DOF_mass_spring_damping_torsional.slx
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  application/vnd.mathworks.simulink.model Simulink Model R2016b









metadata/mwcorePropertiesExtension.xml
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metadata/thumbnail.png
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       [0.500000, 0.500000, 0.500000, 0.500000]
       1
       off
       off
       200
       white
       177
    
     
       black
       white
       off
       normal
       Helvetica
       10
       normal
       normal
       on
       0
       off
    
     
       center
       middle
       black
       white
       off
       Helvetica
       10
       normal
       normal
       off
    
     
       Helvetica
       9
       normal
       normal
    
     
       off
       on
       opaque
       off
       none
       default
       autoscale
    
     
       on
       on
       off
       off
       off
       on
       on
       on
    
     
       
         1
         on
         Sample based
         []
         []
         Inherit: Inherit from 'Constant value'
         off
         inf
         inf
         off
      
       
         inf
      
       
         1
         Element-wise(K.*u)
         []
         []
         Inherit: Same as input
         []
         []
         Inherit: Same as input
         off
         Floor
         on
         -1
      
       
         1
         off
         []
         []
         Inherit: auto
         off
         off
         inherit
         -1
         Inherit
         -1
         auto
         auto
         off
         off
         on
      
       
         none
         internal
         0
         off
         inf
         -inf
         off
         pi
         -pi
         off
         off
         auto
         off
         on
         ''
      
       
         1
         off
         -1
      
       
         One-based contiguous
         3
         {1,2,3}
         Last data port
         Error
         off
         on
         []
         []
         Inherit: Inherit via internal rule
         off
         Floor
         on
         -1
         off
      
       
         4
         none
         off
         BusObject
         off
      
       
         1
         []
         []
         Inherit: auto
         off
         off
         inherit
         -1
         Inherit
         -1
         auto
         auto
         off
         Dialog
         held
         []
      
       
         Simulink.scopes.TimeScopeBlockCfg
         off
      
       
         sine
         Use simulation time
         1
         1
         Hertz
         on
      
       
         Time based
         Use simulation time
         1
         0
         1
         0
         10
         0
         -1
         on
      
       
         1
         0
         1
         -1
         on
         on
      
       
         FromPortIcon
         ReadWrite
         All
         off
         off
         off
         -1
         Auto
         Auto
         Auto
         void_void
         off
         Inherit from model
         Inherit from model
         Inherit from model
         Inherit from model
         Inherit from model
         off
         UseLocalSettings
         AllNumericTypes
         UseLocalSettings
         off
         off
         NONE
         off
         off
         on
         off
         off
      
       
         rectangular
         ++
         All dimensions
         1
         on
         Inherit: Inherit via internal rule
         []
         []
         Inherit: Same as first input
         off
         Floor
         on
         -1
      
       
         simulink_output
         1000
         1
         Array
         Inherit from input (this choice will be removed - see release notes)
         off
         1
         0
      
       
         [1]
         [1 2 1]
         auto
         ''
         auto
      
    
     
       [-8, -8, 1928, 1027]
       on
       simulink-default.rpt
       188
       
         [-75, 200, -45, 230]
         544
         -5
      
       
         [2]
         [590, 2, 630, 58]
         527
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true,'FigureColor',[1 1 1]),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData3'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.00000000019','MaxYLimReal','0.00000000032','YLabelReal','Position','MinYLimMag','0.00000000000','MaxYLimMag','0.00000000032','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[1 1 1],'AxesTickColor',[0 0 0],'ColorOrder',[0 0.447058823529412 0.741176470588235;0.850980392156863 0.325490196078431 0.0980392156862745;0.929411764705882 0.694117647058824 0.125490196078431;0.494117647058824 0.184313725490196 0.556862745098039;0.466666666666667 0.674509803921569 0.188235294117647;0.301960784313725 0.745098039215686 0.933333333333333;0.635294117647059 0.0784313725490196 0.184313725490196],'Title','theta_3 Position','LinePropertiesCache',{{struct('Color',[0 0 1],'LineStyle','-','LineWidth',0.5,'Marker','none','Visible','on'),struct('Color',[1 0 0],'LineStyle','-','LineWidth',0.5,'Marker','none','Visible','on')}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'theta_3, position','theta_3_do, velocity'}},'ShowContent',true,'Placement',1)},'TimeUnits','seconds','ShowTimeAxisLabel',true,'DisplayPropertyDefaults',struct('MinYLimReal','-0.00000000019','MaxYLimReal','0.00000000032','YLabelReal','Position','MinYLimMag','0.00000000000','MaxYLimMag','0.00000000032','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[1 1 1],'AxesTickColor',[0 0 0],'ColorOrder',[0 0.447058823529412 0.741176470588235;0.850980392156863 0.325490196078431 0.0980392156862745;0.929411764705882 0.694117647058824 0.125490196078431;0.494117647058824 0.184313725490196 0.556862745098039;0.466666666666667 0.674509803921569 0.188235294117647;0.301960784313725 0.745098039215686 0.933333333333333;0.635294117647059 0.0784313725490196 0.184313725490196]),'DisplayContentCache',[]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[961 273 952 718])
         2
      
       
         [2]
         [610, -88, 650, -32]
         537
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true,'FigureColor',[1 1 1]),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData2'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.000000009','MaxYLimReal','0.000000009','YLabelReal','Position vs. velocity','MinYLimMag','0.000000000','MaxYLimMag','0.000000009','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[1 1 1],'AxesTickColor',[0 0 0],'ColorOrder',[0 0.447058823529412 0.741176470588235;0.850980392156863 0.325490196078431 0.0980392156862745;0.929411764705882 0.694117647058824 0.125490196078431;0.494117647058824 0.184313725490196 0.556862745098039;0.466666666666667 0.674509803921569 0.188235294117647;0.301960784313725 0.745098039215686 0.933333333333333;0.635294117647059 0.0784313725490196 0.184313725490196],'Title','Simulation of drill string model','LinePropertiesCache',{{struct('Color',[0 0 1],'LineStyle','-','LineWidth',0.5,'Marker','none','Visible','on'),struct('Color',[1 0 0],'LineStyle','-','LineWidth',0.5,'Marker','none','Visible','on')}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'theta_3, position','theta_3_do, velocity'}},'ShowContent',true,'Placement',1)},'TimeUnits','seconds','ShowTimeAxisLabel',true,'DisplayPropertyDefaults',struct('MinYLimReal','-0.000000009','MaxYLimReal','0.000000009','YLabelReal','Position vs. velocity','MinYLimMag','0.000000000','MaxYLimMag','0.000000009','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[1 1 1],'AxesTickColor',[0 0 0],'ColorOrder',[0 0.447058823529412 0.741176470588235;0.850980392156863 0.325490196078431 0.0980392156862745;0.929411764705882 0.694117647058824 0.125490196078431;0.494117647058824 0.184313725490196 0.556862745098039;0.466666666666667 0.674509803921569 0.188235294117647;0.301960784313725 0.745098039215686 0.933333333333333;0.635294117647059 0.0784313725490196 0.184313725490196],'Title','Simulation of drill string model'),'DisplayContentCache',[]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[376 251 952 718])
         2
      
       
         [-75, 150, -45, 180]
         490
         0
      
       
         [1, 1]
         [70, 196, 125, 234]
         506
         off
         off
         
           [-8, -8, 1928, 1027]
           off
           200
           
             [20, 118, 50, 132]
             37
             Port number
          
           
             [3, 1]
             [475, 109, 505, 141]
             30
             +++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [340, 210, 370, 240]
             36
          
           
             [235, 20, 265, 50]
             33
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [1, 1]
             [340, 110, 370, 140]
             35
             on
             1
             -1
          
           
             [225, 202, 305, 248]
             27
             [Kd_ax]
             [alpha*Kd_ax 1]
          
           
             [205, 104, 295, 146]
             31
             1/Ki_ax
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [70, 107, 125, 143]
             34
             Kp_ax
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [525, 118, 555, 132]
             38
             Port number
          
           
             1
             64#out:1
             67#in:1
          
           
             3
             62#out:1
             69#in:1
          
           
             4
             61#out:1
             66#in:1
          
           
             5
             66#out:1
             [30, 0]
             
               6
               [0, 100]
               68#in:1
            
             
               7
               [0, -90]
               65#in:1
            
             
               8
               64#in:1
            
          
           
             9
             67#out:1
             62#in:2
          
           
             10
             68#out:1
             63#in:1
          
           
             11
             65#out:1
             [145, 0; 0, 80]
             62#in:1
          
        
      
       
         [185, 197, 215, 233]
         505
      
       
         [2, 1]
         [580, 306, 585, 344]
         501
         off
         2
         bar
      
       
         [2, 1]
         [540, 341, 545, 379]
         515
         off
         2
         bar
      
       
         [1, 2]
         [135, -18, 185, 13]
         508
         1.90
         Arial
         powerlib_meascontrol/PLL/PLL
         PLL
         
           off
           45
           [0, 60]
           [180, 3200, 1]
           1e-4
           12
           25
           0
           off
        
      
       
         [2]
         [215, -35, 255, 20]
         509
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','59.95986','MaxYLimReal','60.00632','YLabelReal','','MinYLimMag','59.95986','MaxYLimMag','60.00632','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.7854','MaxYLimReal','7.06858','YLabelReal','','MinYLimMag','0.67435','MaxYLimMag','2.93668','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{[]}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>'),'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[315 210 1160 714])
         2
      
       
         [0, 1]
         [-240, -30, -195, 30]
         484
         off
         off
         
           
             
               edit
               VelgerInngangstype
               1:Step 2:Sine 3:Konstant
               2
            
             
               edit
               verdi
               verdi
               200
            
          
        
         
           [-8, -8, 1928, 1027]
           off
           234
           
             [15, 215, 45, 245]
             32
             verdi
          
           
             [15, 20, 50, 50]
             34
             VelgerInngangstype
          
           
             [4, 1]
             [245, 86, 280, 139]
             33
             off
             off
          
           
             [0, 1]
             [15, 170, 45, 200]
             30
             verdi
             0
          
           
             [15, 75, 45, 105]
             31
             5000
             verdi
             0
          
           
             [15, 120, 45, 150]
             40
             10000
             verdi
             0
             0
          
           
             [2, 1]
             [75, 95, 95, 115]
             41
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [310, 180, 330, 200]
             39
             off
             round
             |++
             off
             Inherit: Inherit via internal rule
          
           
             [245, 215, 275, 245]
             38
             off
             600
             verdi
             0.5 - verdi
             0
          
           
             [500, 108, 530, 122]
             35
             Port number
          
           
             1
             147#out:1
             [73, 0; 0, -65]
             146#in:3
          
           
             2
             145#out:1
             [95, 0; 0, 55]
             146#in:1
          
           
             3
             146#out:1
             153#in:1
          
           
             4
             144#out:1
             [98, 0; 0, -95]
             146#in:4
          
           
             5
             152#out:1
             [40, 0]
             151#in:2
          
           
             6
             148#out:1
             [9, 0; 0, 15]
             150#in:1
          
           
             7
             150#out:1
             146#in:2
          
           
             8
             149#out:1
             [35, 0]
             150#in:2
          
        
      
       
         [0, 1]
         [-10, -60, 20, -30]
         525
         -2
         rad/sec
      
       
         [-165, -30, -135, 0]
         523
         0
         -2
         0
      
       
         [-120, -30, -90, 0]
         522
         50
         -2
         0
      
       
         [-190, 75, -160, 105]
         545
         500
         -500
         0
      
       
         [2, 1]
         [35, 205, 55, 225]
         504
         off
         round
         |+-
         off
         Inherit: Inherit via internal rule
         off
      
       
         [2, 1]
         [-75, -55, -55, -35]
         521
         off
         round
         |++
         off
         Inherit: Inherit via internal rule
         off
      
       
         [-75, 100, -45, 130]
         503
         0
      
       
         [1]
         [610, 245, 670, 275]
         514
         simout
         inf
         Timeseries
         3-D array (concatenate along third dimension)
         on
         -1
      
       
         [2]
         [440, 2, 480, 58]
         526
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true,'FigureColor',[1 1 1]),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData2'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.0418','MaxYLimReal','0.32148','YLabelReal','Position','MinYLimMag','0.00000','MaxYLimMag','0.32148','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[1 1 1],'AxesTickColor',[0 0 0],'ColorOrder',[0 0.447058823529412 0.741176470588235;0.850980392156863 0.325490196078431 0.0980392156862745;0.929411764705882 0.694117647058824 0.125490196078431;0.494117647058824 0.184313725490196 0.556862745098039;0.466666666666667 0.674509803921569 0.188235294117647;0.301960784313725 0.745098039215686 0.933333333333333;0.635294117647059 0.0784313725490196 0.184313725490196],'Title','theta_1 Position','LinePropertiesCache',{{struct('Color',[0 0 1],'LineStyle','-','LineWidth',0.5,'Marker','none','Visible','on'),[]}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'theta_1, position'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-22.8695','MaxYLimReal','58.09661','YLabelReal','Position','MinYLimMag','0.0000000','MaxYLimMag','0.000005','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[1 1 1],'AxesTickColor',[0 0 0],'ColorOrder',[0 0.447058823529412 0.741176470588235;0.850980392156863 0.325490196078431 0.0980392156862745;0.929411764705882 0.694117647058824 0.125490196078431;0.494117647058824 0.184313725490196 0.556862745098039;0.466666666666667 0.674509803921569 0.188235294117647;0.301960784313725 0.745098039215686 0.933333333333333;0.635294117647059 0.0784313725490196 0.184313725490196],'Title','','LinePropertiesCache',{{struct('Color',[1 0 0],'LineStyle','-','LineWidth',0.5,'Marker','none','Visible','on')}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'theta_1_dot, velocity'}},'ShowContent',true,'Placement',2)},'TimeUnits','seconds','ShowTimeAxisLabel',true,'DisplayPropertyDefaults',struct('YLabelReal','Position','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[1 1 1],'AxesTickColor',[0 0 0],'ColorOrder',[0 0.447058823529412 0.741176470588235;0.850980392156863 0.325490196078431 0.0980392156862745;0.929411764705882 0.694117647058824 0.125490196078431;0.494117647058824 0.184313725490196 0.556862745098039;0.466666666666667 0.674509803921569 0.188235294117647;0.301960784313725 0.745098039215686 0.933333333333333;0.635294117647059 0.0784313725490196 0.184313725490196]),'DisplayContentCache',[],'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[3 271 954 721])
         2
      
       
         [2]
         [480, -88, 520, -32]
         536
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true,'FigureColor',[1 1 1]),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-290763153839129620000000000.00000','MaxYLimReal','202779662069835240000000000.00000','YLabelReal','Position vs. velocity','MinYLimMag','                         0.00000','MaxYLimMag','290763153839129620000000000.00000','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[1 1 1],'AxesTickColor',[0 0 0],'ColorOrder',[0 0.447058823529412 0.741176470588235;0.850980392156863 0.325490196078431 0.0980392156862745;0.929411764705882 0.694117647058824 0.125490196078431;0.494117647058824 0.184313725490196 0.556862745098039;0.466666666666667 0.674509803921569 0.188235294117647;0.301960784313725 0.745098039215686 0.933333333333333;0.635294117647059 0.0784313725490196 0.184313725490196],'Title','Simulation of drill string model','LinePropertiesCache',{{struct('Color',[0 0 1],'LineStyle','-','LineWidth',0.5,'Marker','none','Visible','on'),[]}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'theta_1, position'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-145259983993477460000000000.00000','MaxYLimReal','182402597147921570000000000.00000','YLabelReal','Position vs. velocity','MinYLimMag','0.0000000','MaxYLimMag','0.0000048','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[1 1 1],'AxesTickColor',[0 0 0],'ColorOrder',[0 0.447058823529412 0.741176470588235;0.850980392156863 0.325490196078431 0.0980392156862745;0.929411764705882 0.694117647058824 0.125490196078431;0.494117647058824 0.184313725490196 0.556862745098039;0.466666666666667 0.674509803921569 0.188235294117647;0.301960784313725 0.745098039215686 0.933333333333333;0.635294117647059 0.0784313725490196 0.184313725490196],'Title','','LinePropertiesCache',{{struct('Color',[1 0 0],'LineStyle','-','LineWidth',0.5,'Marker','none','Visible','on')}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'theta_1_dot, velocity'}},'ShowContent',true,'Placement',2)},'TimeUnits','seconds','ShowTimeAxisLabel',true,'DisplayPropertyDefaults',struct('YLabelReal','Position vs. velocity','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[1 1 1],'AxesTickColor',[0 0 0],'ColorOrder',[0 0.447058823529412 0.741176470588235;0.850980392156863 0.325490196078431 0.0980392156862745;0.929411764705882 0.694117647058824 0.125490196078431;0.494117647058824 0.184313725490196 0.556862745098039;0.466666666666667 0.674509803921569 0.188235294117647;0.301960784313725 0.745098039215686 0.933333333333333;0.635294117647059 0.0784313725490196 0.184313725490196]),'DisplayContentCache',[],'DisplayLayoutDimensions',[2 1]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[262 248 954 698])
         2
      
       
         [3, 6]
         [265, 90, 395, 235]
         100
         off
         off
         
           1
           theta_1, position
           Auto
           SignalName
        
         
           2
           theta_2
           Auto
           SignalName
        
         
           3
           theta_3, position
           Auto
           SignalName
        
         
           4
           theta_1_dot, velocity
           Auto
           SignalName
        
         
           5
           theta_2_dot
           Auto
           SignalName
        
         
           6
           theta_3_do, velocity
           Auto
           SignalName
        
         
           [-8, -8, 1928, 1027]
           off
           108
           
             [20, 28, 50, 42]
             59
             Port number
          
           
             [20, 368, 50, 382]
             61
             2
             Port number
          
           
             [20, 698, 50, 712]
             62
             3
             Port number
          
           
             [2, 1]
             [215, 390, 235, 410]
             37
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [2, 1]
             [170, 415, 190, 435]
             47
             round
             |++
             off
             Inherit: Inherit via internal rule
             off
          
           
             [300, 150, 330, 180]
             38
             on
             alternate
             c2
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [345, 190, 375, 220]
             40
             on
             alternate
             k2
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [300, 235, 330, 265]
             41
             on
             alternate
             k2
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [345, 275, 375, 305]
             42
             on
             alternate
             c2
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [300, 490, 330, 520]
             43
             on
             alternate
             c3
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [345, 530, 375, 560]
             44
             on
             alternate
             k3
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [300, 575, 330, 605]
             45
             on
             alternate
             c3
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [345, 615, 375, 645]
             46
             on
             alternate
             k3
             Inherit: Inherit via internal rule
             Inherit: Inherit via internal rule
             off
          
           
             [3, 2]
             [275, 20, 355, 100]
             -25
             off
             off
             
               [-8, -8, 1928, 1027]
               off
               146
               
                 [20, 23, 50, 37]
                 23
                 Port number
              
               
                 [20, 43, 50, 57]
                 24
                 2
                 Port number
              
               
                 [20, 63, 50, 77]
                 25
                 3
                 Port number
              
               
                 [165, 55, 205, 85]
                 3
                 1/J1
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [5, 1]
                 [100, 24, 130, 116]
                 22
                 +++--
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 1]
                 [345, 55, 375, 85]
                 2
                 theta_1
              
               
                 [320, 165, 370, 195]
                 28
                 on
                 alternate
                 k1+k2
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 1]
                 [250, 55, 280, 85]
                 1
                 theta_1_dot
              
               
                 [230, 122, 280, 158]
                 4
                 on
                 alternate
                 c1+c2
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [465, 173, 495, 187]
                 26
                 Port number
              
               
                 [465, 208, 495, 222]
                 27
                 2
                 Port number
              
               
                 1
                 97#out:1
                 96#in:1
              
               
                 2
                 101#out:1
                 [-140, 0]
                 97#in:5
              
               
                 3
                 94#out:1
                 97#in:2
              
               
                 4
                 99#out:1
                 [-244, 0; 0, -90]
                 97#in:4
              
               
                 5
                 95#out:1
                 97#in:3
              
               
                 6
                 93#out:1
                 97#in:1
              
               
                 7
                 98#out:1
                 [28, 0; 0, 110]
                 
                   8
                   99#in:1
                
                 
                   9
                   102#in:1
                
              
               
                 10
                 96#out:1
                 100#in:1
              
               
                 11
                 100#out:1
                 [24, 0]
                 
                   12
                   [0, 70]
                   
                     13
                     [0, 75]
                     103#in:1
                  
                   
                     14
                     101#in:1
                  
                
                 
                   15
                   98#in:1
                
              
            
          
           
             [3, 2]
             [275, 360, 355, 440]
             30
             off
             off
             
               [-6, 2, 905, 526]
               off
               100
               
                 [20, 23, 50, 37]
                 23
                 Port number
              
               
                 [20, 43, 50, 57]
                 24
                 2
                 Port number
              
               
                 [20, 63, 50, 77]
                 25
                 3
                 Port number
              
               
                 [175, 55, 205, 85]
                 3
                 1/J2
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [5, 1]
                 [100, 24, 130, 116]
                 22
                 +++--
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 1]
                 [345, 55, 375, 85]
                 2
                 theta_2
              
               
                 [335, 165, 365, 195]
                 28
                 on
                 alternate
                 k2+k3
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 1]
                 [250, 55, 280, 85]
                 1
                 theta_2_dot
                 0
              
               
                 [250, 125, 280, 155]
                 4
                 on
                 alternate
                 c2+c3
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [465, 173, 495, 187]
                 26
                 Port number
              
               
                 [465, 208, 495, 222]
                 27
                 2
                 Port number
              
               
                 1
                 109#out:1
                 108#in:1
              
               
                 2
                 113#out:1
                 [-160, 0]
                 109#in:5
              
               
                 3
                 106#out:1
                 109#in:2
              
               
                 4
                 111#out:1
                 [-259, 0; 0, -90]
                 109#in:4
              
               
                 5
                 107#out:1
                 109#in:3
              
               
                 6
                 105#out:1
                 109#in:1
              
               
                 7
                 110#out:1
                 [28, 0; 0, 110]
                 
                   8
                   111#in:1
                
                 
                   9
                   114#in:1
                
              
               
                 10
                 108#out:1
                 112#in:1
              
               
                 11
                 112#out:1
                 [24, 0]
                 
                   12
                   [0, 70]
                   
                     13
                     [0, 75]
                     115#in:1
                  
                   
                     14
                     113#in:1
                  
                
                 
                   15
                   110#in:1
                
              
            
          
           
             [3, 2]
             [275, 690, 355, 770]
             36
             off
             off
             
               [163, 70, 1473, 862]
               on
               100
               
                 [20, 23, 50, 37]
                 23
                 Port number
              
               
                 [20, 43, 50, 57]
                 24
                 2
                 Port number
              
               
                 [20, 63, 50, 77]
                 25
                 3
                 Port number
              
               
                 [165, 52, 205, 88]
                 3
                 1/J3
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [5, 1]
                 [100, 24, 130, 116]
                 22
                 -++--
                 off
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 1]
                 [345, 55, 375, 85]
                 2
                 theta_3
              
               
                 [335, 165, 365, 195]
                 28
                 on
                 alternate
                 k3
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [1, 1]
                 [250, 55, 280, 85]
                 1
                 theta_3_dot
                 0
              
               
                 [250, 125, 280, 155]
                 4
                 on
                 alternate
                 c3
                 Inherit: Inherit via internal rule
                 Inherit: Inherit via internal rule
                 off
              
               
                 [465, 173, 495, 187]
                 26
                 Port number
              
               
                 [465, 208, 495, 222]
                 27
                 2
                 Port number
              
               
                 1
                 121#out:1
                 120#in:1
              
               
                 2
                 125#out:1
                 [-160, 0]
                 121#in:5
              
               
                 3
                 118#out:1
                 121#in:2
              
               
                 4
                 123#out:1
                 [-259, 0; 0, -90]
                 121#in:4
              
               
                 5
                 119#out:1
                 121#in:3
              
               
                 6
                 117#out:1
                 121#in:1
              
               
                 7
                 122#out:1
                 [28, 0; 0, 110]
                 
                   8
                   123#in:1
                
                 
                   9
                   126#in:1
                
              
               
                 10
                 120#out:1
                 124#in:1
              
               
                 11
                 124#out:1
                 [24, 0]
                 
                   12
                   [0, 70]
                   
                     13
                     [0, 75]
                     127#in:1
                  
                   
                     14
                     125#in:1
                  
                
                 
                   15
                   122#in:1
                
              
            
          
           
             [575, 303, 605, 317]
             63
             Port number
          
           
             [575, 333, 605, 347]
             64
             2
             Port number
          
           
             [575, 363, 605, 377]
             65
             3
             Port number
          
           
             [575, 393, 605, 407]
             66
             4
             Port number
          
           
             [575, 423, 605, 437]
             67
             5
             Port number
          
           
             [575, 453, 605, 467]
             68
             6
             Port number
          
           
             1
             79#out:1
             92#in:1
          
           
             2
             87#out:1
             [-100, 0; 0, -230]
             92#in:2
          
           
             3
             83#out:1
             104#in:3
          
           
             7
             85#out:1
             [-185, 0]
             83#in:1
          
           
             8
             92#out:1
             [32, 0; 0, 165]
             
               87
               [143, 0; 0, 105]
               128#in:1
            
             
               11
               85#in:1
            
          
           
             13
             86#out:1
             [-43, 0; 0, -165]
             92#in:3
          
           
             14
             82#out:1
             104#in:2
          
           
             15
             84#out:1
             [-95, 0]
             82#in:1
          
           
             16
             116#out:1
             [60, 0]
             
               17
               [92, 0; 0, -340]
               130#in:1
            
             
               18
               [0, -80]
               91#in:1
            
          
           
             19
             91#out:1
             [-160, 0]
             83#in:2
          
           
             20
             104#out:1
             [54, 0]
             
               23
               [0, -40]
               
                 24
                 129#in:1
              
               
                 25
                 [0, -90]
                 86#in:1
              
            
             
               26
               [0, 165]
               89#in:1
            
          
           
             27
             104#out:2
             [30, 0]
             
               28
               [0, 10]
               
                 29
                 132#in:1
              
               
                 30
                 [0, 75]
                 88#in:1
              
            
             
               31
               87#in:1
            
          
           
             32
             116#out:2
             [42, 0]
             
               33
               [147, 0; 0, -290]
               133#in:1
            
             
               34
               [0, -160]
               90#in:1
            
          
           
             35
             88#out:1
             [-35, 0]
             116#in:2
          
           
             36
             89#out:1
             [-94, 0; 0, 210]
             116#in:3
          
           
             37
             90#out:1
             [-70, 0]
             82#in:2
          
           
             80
             80#out:1
             104#in:1
          
           
             81
             81#out:1
             116#in:1
          
           
             4
             92#out:2
             [18, 0; 0, 3]
             
               132
               [173, 0; 0, 317]
               131#in:1
            
             
               129
               [0, 82]
               84#in:1
            
          
        
      
       
         [7]
         [560, 75, 630, 215]
         82
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-6.00000','MaxYLimReal','-4.00000','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','6.00000','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'Bit Torque setpoint'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.00000005','MaxYLimReal','0.00000005','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','200.89721','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'theta_1, position'}},'ShowContent',true,'Placement',2),struct('MinYLimReal','-0.0000000017','MaxYLimReal','0.0000000016','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','200.89721','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'theta_2'}},'ShowContent',true,'Placement',3),struct('MinYLimReal','-0.00000000007','MaxYLimReal','0.00000000033','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','200.89721','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'theta_3, position'}},'ShowContent',true,'Placement',4),struct('MinYLimReal','-0.000012','MaxYLimReal','0.000011','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','200.89721','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'theta_1_dot, velocity'}},'ShowContent',true,'Placement',5),struct('MinYLimReal','-0.00000038','MaxYLimReal','0.00000039','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','200.89721','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'theta_2_dot'}},'ShowContent',true,'Placement',6),struct('MinYLimReal','-0.000000009','MaxYLimReal','0.000000009','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','200.89721','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',1,'LineNames',{{'theta_3_do, velocity'}},'ShowContent',true,'Placement',7),struct('MinYLimReal','-31.66939','MaxYLimReal','116.73711','YLabelReal','','MinYLimMag','0','MaxYLimMag','10','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',0,'LineNames',{{}},'ShowContent',false,'Placement',8)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>'),'DisplayLayoutDimensions',[4 2],'DisplayContentCache',[]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[1 62 1920 942])
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         [2]
         [620, 300, 660, 355]
         91
         Simulink.scopes.TimeScopeBlockCfg('CurrentConfiguration', extmgr.ConfigurationSet(extmgr.Configuration('Core','General UI',true),extmgr.Configuration('Core','Source UI',true),extmgr.Configuration('Sources','WiredSimulink',true,'DataLoggingVariableName','ScopeData1'),extmgr.Configuration('Visuals','Time Domain',true,'SerializedDisplays',{struct('MinYLimReal','-0.45523','MaxYLimReal','1.16169','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','1.16169','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'theta_1, position','theta_1_dot, velocity'}},'ShowContent',true,'Placement',1),struct('MinYLimReal','-0.00358','MaxYLimReal','0.02228','YLabelReal','','MinYLimMag','0.00000','MaxYLimMag','0.4027','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>','LinePropertiesCache',{{}},'UserDefinedChannelNames',{{}},'NumLines',2,'LineNames',{{'theta_3, position','theta_3_do, velocity'}},'ShowContent',true,'Placement',2)},'DisplayPropertyDefaults',struct('YLabelReal','','LegendVisibility','On','XGrid',true,'YGrid',true,'PlotMagPhase',false,'AxesColor',[0 0 0],'AxesTickColor',[0.686274509803922 0.686274509803922 0.686274509803922],'ColorOrder',[1 1 0.0666666666666667;0.0745098039215686 0.623529411764706 1;1 0.411764705882353 0.16078431372549;0.392156862745098 0.831372549019608 0.0745098039215686;0.717647058823529 0.274509803921569 1;0.0588235294117647 1 1;1 0.0745098039215686 0.650980392156863],'Title','%<SignalLabel>'),'DisplayLayoutDimensions',[2 1],'DisplayContentCache',[]),extmgr.Configuration('Tools','Plot Navigation',true,'OnceAtStop',false,'PreviousAutoscale','XY'),extmgr.Configuration('Tools','Measurements',true,'Version','2016b')),'Version','2016b','Position',[549 232 1044 753])
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         [1]
         [240, 302, 280, 358]
         519
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FEATURES 
Hermetic package offers excellent long-term stability 
0 g offset vs. temperature (all axes): 0.75 mg/°C maximum 
Ultralow noise density (all axes): 80 µg/√Hz  
Low power, VSUPPLY (LDO enabled) 



ADXL356 in measurement mode: 150 µA  
ADXL357 in measurement mode: 200 µA  
ADXL356/ADXL357 in standby mode: 21 µA 



ADXL356 has user adjustable analog output bandwidth 
ADXL357 digital output features 



Digital serial peripheral interface (SPI)/limited I2C 
interfaces supported 



20-bit analog-to-digital converter (ADC)  
Data interpolation routine for synchronous sampling 
Programmable high- and low-pass digital filters 



Integrated temperature sensor 
Voltage range options 



VSUPPLY with internal regulators: 2.25 V to 3.6 V 
V1P8ANA, V1P8DIG with internal low dropout (LDO) regulator 



bypassed: 1.8 V typical ± 10% 
Operating temperature range: −40°C to +125°C 
14-terminal, 6 mm × 5.6 mm × 2.05 mm, LCC package, 0.26 g 



APPLICATIONS 
Inertial measurement units (IMUs)/altitude and heading 



reference systems (AHRSs)  
Platform stabilization systems 
Structural health monitoring 
Seismic imaging 
Tilt sensing 
Robotics 
Condition monitoring 



FUNCTIONAL BLOCK DIAGRAMS 



 
Figure 1. ADXL356  



 
Figure 2. ADXL357  



GENERAL DESCRIPTION 
The analog output ADXL356 and the digital output ADXL357 
are low noise density, low 0 g offset drift, low power, 3-axis 
accelerometers with selectable measurement ranges. The 
ADXL356B supports the ±10 g and ±20 g ranges, the 
ADXL356C supports the ±10 g and ±40 g ranges, and the 
ADXL357 supports the ±10.24 g, ±20.48 g, and ±40.96 g ranges.  



The ADXL356/ADXL357 offer industry leading noise, minimal 
offset drift over temperature, and long-term stability, enabling 
precision applications with minimal calibration. 



The low drift, low noise, and low power ADXL357 enables 
accurate tilt measurement in an environment with high 
vibration, such as airborne IMUs. The low noise of the 
ADXL356 over higher frequencies is ideal for wireless condition 
monitoring. 



The ADXL357 multifunction pin names may be referenced only 
by their relevant function for either the SPI or limited I2C 
interface. 



 
 



 
1 Protected by U.S. Patents 8,472,270; 9,041,462; 8,665,627; 8,917,099; 6,892,576; 9,297,825; and 7,956,621.  
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SPECIFICATIONS 
ANALOG OUTPUT FOR THE ADXL356 
TA = 25°C, VSUPPLY = 3.3 V, x-axis acceleration and y-axis acceleration = 0 g, z-axis acceleration = 1 g, and full-scale range = ±10 g, unless 
otherwise noted.  



Table 1. 
Parameter Test Conditions/Comments Min Typ Max Unit 
SENSOR INPUT Each axis 



Output Full-Scale Range (FSR) ADXL356B, supports two ranges ±10/±20 g 
ADXL356C, supports two ranges ±10/±40 g 



Resonant Frequency1 5.5 kHz 
Nonlinearity ±10 g  0.1 % 
Cross Axis Sensitivity 1 % 



SENSITIVITY  Ratiometric to V1P8ANA 
Sensitivity at XOUT, YOUT, ZOUT  ±10 g 73.6 80 86.4 mV/g 



±20 g 36.8 40 43.2 mV/g 
±40 g 18.4 20 21.6 mV/g 



Sensitivity Change due to Temperature TA = −40°C to +125°C ±0.01 %/°C 
0 g OFFSET Each axis, ±10 g  



0 g Output for XOUT, YOUT, ZOUT Referred to V1P8ANA/2 −375 ±125 +375 mg 
0 g Offset vs. Temperature (X-Axis, Y-Axis, and Z-Axis)2 TA = −40°C to +125°C −0.75 ±0.5 +0.75 mg/°C 
Vibration Rectification Error (VRE)3 Offset due to 7.5 g rms vibration, 



±10 g range, in a 1 g orientation 
<0.1 g 



NOISE DENSITY  ±10 g 
X-Axis, Y-Axis, and Z-Axis 80 µg/√Hz 
Velocity Random Walk X-axis and y-axis 45 µm/sec/√Hr 



Z-axis 65 µm/sec/√Hr 
BANDWIDTH 



Internal Low-Pass Filter Frequency Fixed frequency, 50% response  
attenuation  



1500 Hz 



SELF TEST 
Output Change 



Z-Axis ±10 g range 1.25 g 
POWER SUPPLY 



Voltage Range 
VSUPPLY



4 2.25 2.5 3.6 V 
VDDIO  V1P8DIG 2.5 3.6 V 
V1P8ANA, V1P8DIG with Internal Low Dropout  



Regulator (LDO) Bypassed 
VSUPPLY = 0 V 1.62 1.8 1.98 V 



Current 
Measurement Mode 



VSUPPLY (LDO Enabled)  150 µA 
V1P8ANA (LDO Disabled)  138 µA 
V1P8DIG (LDO Disabled) 12 µA 



Standby Mode 
VSUPPLY (LDO Enabled)  21 µA 
V1P8ANA (LDO Disabled)  7 µA 
V1P8DIG (LDO Disabled) 10 µA 



Turn On Time5 10 g range <10 ms 
Power-off to standby <10 ms 



OUTPUT AMPLIFIER 
Swing No load 0.03 V1P8ANA − 



0.03 
V 



Output Series Resistance 32 kΩ 
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Parameter Test Conditions/Comments Min Typ Max Unit 
TEMPERATURE SENSOR 



Output at 25°C 892.2 mV 
Scale Factor 3.0 mV/°C 



TEMPERATURE 
Operating Temperature Range −40 +125 °C 



1 The resonant frequency is a sensor characteristic. An integrated analog 1.5 kHz (−6 dB) sinc low-pass filter that cannot be bypassed limits the actual output response. 
2 The temperature change is −40°C to +25°C or +25°C to +125°C. 
3 The VRE measurement is the shift in dc offset while the device is subject to 12.5 g rms of random vibration from 50 Hz to 2 kHz. The device under test (DUT) is 



configured for the ±10 g range and an output data rate of 4 kHz. The VRE scales with the range setting. 
4 When V1P8ANA and V1P8DIG are generated internally, VSUPPLY is valid. To disable the LDO and drive V1P8ANA and V1P8DIG externally, connect VSUPPLY to VSS. 
5 Standby to measurement mode; valid when the output is within 5 mg of the final value. 



DIGITAL OUTPUT FOR THE ADXL357 
TA = 25°C, VSUPPLY = 3.3 V, x-axis acceleration and y-axis acceleration = 0 g, z-axis acceleration = 1 g, full-scale range = ±10.24 g, and 
output data rate (ODR) = 500 Hz, unless otherwise noted. Note that multifunction pin names may be referenced only by their relevant 
function. 



Table 2. 
Parameter Test Conditions/Comments Min Typ Max Unit 
SENSOR INPUT Each axis 



Output Full Scale Range (FSR) User selectable ±10.24 g 
±20.48 g 
±40.96 g 



Nonlinearity ±10 g  0.1 % FSR 
Cross Axis Sensitivity 1 % 



SENSITIVITY  Each axis 
X-Axis, Y-Axis, and Z-Axis Sensitivity  ±10 g 47,104 51,200 55,296 LSB/g 



±20 g 23,552 25,600 27,648 LSB/g 
±40 g 11,776 12,800 13,824 LSB/g 



X-Axis, Y-Axis, and Z-Axis Scale Factor  ±10 g 19.5 µg/LSB 
±20 g 39 µg/LSB 
±40 g 78 µg/LSB 



Sensitivity Change due to Temperature TA = −40°C to +125°C ±0.01 %/°C 
0 g OFFSET Each axis, ±10 g  



X-Axis, Y-Axis, and Z-Axis 0 g Output  −375 ±125 +375 mg 
0 g Offset vs. Temperature (X-Axis, Y-Axis, and Z-Axis)1 −0.75 ±0.50 +0.75 mg/°C 
Vibration Rectification Error (VRE) 2 



TA = −40°C to +125°C 
Offset due to 7.5 g rms vibration, 
±10 g range, in a 1 g orientation 



<0.1 g 



NOISE DENSITY ±10 g  
X-Axis, Y-Axis, and Z-Axis 80 µg/√Hz 
Velocity Random Walk X-axis and y-axis 45 µm/sec/√Hr 



Z-axis 65 µm/sec/√Hr 
OUTPUT DATA RATE AND BANDWIDTH 



ADC Resolution 20 bits 
Low-Pass Filter Passband Frequency User programmable, Register 0x28 1 1000 Hz 
High-Pass Filter Passband Frequency When Enabled 



(Disabled by Default) 
User programmable, Register 0x28 
for 4 kHz ODR 



0.0095 10 Hz 



SELF TEST 
Output Change 



Z-Axis ±10 g range 1.25 g 
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Parameter Test Conditions/Comments Min Typ Max Unit 
POWER SUPPLY      



Voltage Range      
VSUPPLY Operating3  2.25 2.5 3.6 V 
VDDIO  V1P8DIG 2.5 3.6 V 
V1P8ANA and V1P8DIG with Internal LDO Bypassed VSUPPLY = 0 V 1.62 1.8 1.98 V 



Current      
Measurement Mode      



VSUPPLY (LDO Enabled)    200  µA 
V1P8ANA (LDO Disabled)    160  µA 
V1P8DIG (LDO Disabled)   35.5  µA 



Standby Mode       
VSUPPLY (LDO Enabled)    21  µA 
V1P8ANA (LDO Disabled)    7  µA 
V1P8DIG (LDO Disabled)   10  µA 



Turn On Time4 ±10 g range   <10  ms 
 Power-off to standby  <10  ms 



TEMPERATURE SENSOR      
Output at 25°C   1852  LSB 
Scale Factor   −9.05  LSB/°C 



TEMPERATURE      
Operating Temperature Range  −40  +125 °C 



 
1 The temperature change is −40°C to +25°C or +25°C to +125°C. 
2 The VRE measurement is the shift in dc offset while the device is subject to 12.5 g rms random vibration from 50 Hz to 2 kHz. The DUT is configured for the ±2 g range 



and an output data rate of 4 kHz. The VRE scales with the range setting. 
3 When V1P8ANA and V1P8DIG are generated internally, VSUPPLY is valid. To disable the LDO and drive V1P8ANA and V1P8DIG externally, connect VSUPPLY to VSS. 
4 Standby to measurement mode; valid when the output is within 1 mg of final value. 
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SPI DIGITAL INTERFACE CHARACTERISTICS FOR THE ADXL357 
Note that multifunction pin names may be referenced by their relevant function only. 



Table 3.  
Parameter Symbol Test Conditions/Comments Min Typ Max Unit 
DC INPUT LEVELS       



Input Voltage       
Low Level VIL    0.3 × VDDIO V 
High Level VIH  0.7 × VDDIO   V 



Input Current       
Low Level IIL VIN = 0 V −0.1   µA 
High Level IIH VIN = VDDIO   0.1 µA 



DC OUTPUT LEVELS        
Output Voltage       



Low Level VOL IOL = IOL, MIN   0.2 × VDDIO V 
High Level VOH IOH = IOH, MAX 0.8 × VDDIO   V 



Output Current       
Low Level IOL VOL = VOL, MAX −10   mA 
High Level IOH VOH = VOH, MIN   4 mA 



AC INPUT LEVELS       
SCLK Frequency   0.1  10 MHz 
SCLK High Time tHIGH   40   ns 
SCLK Low Time tLOW   40   ns 
CS Setup Time tCSS   20   ns 



CS Hold Time tCSH   20   ns 



CS Disable Time tCSD   40   ns 



Rising SCLK Setup Time tSCLKS   20   ns 
MOSI Setup Time tSU   20   ns 
MOSI Hold Time tHD   20   ns 



AC OUTPUT LEVELS       
Propagation Delay tP  CLOAD = 30 pF   30 ns 
Enable MISO Time tEN   30   ns 
Disable MISO Time tDIS     20 ns 



 



 
Figure 3. SPI Interface Timing Diagram 
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I2C DIGITAL INTERFACE CHARACTERISTICS FOR THE ADXL357 
Note that multifunction pin names may be referenced only by their relevant function. 



Table 4.  
  Test Conditions/ I2C_HS = 0 (Fast Mode) I2C_HS = 1 (High Speed Mode)  
Parameter Symbol Comments Min Typ Max Min Typ Max Unit 
DC INPUT LEVELS          



Input Voltage          
Low Level VIL    0.3 × VDDIO   0.3 × VDDIO V 
High Level VIH  0.7 × VDDIO   0.7 × VDDIO   V 



Hysteresis of Schmitt  
Triggered Inputs 



VHYS  0.05 × VDDIO   0.1 × VDDIO   µA 



Input Current IIL 0.1 × VDDIO < VIN <  
0.9 × VDDIO 



−10  +10    µA 



DC OUTPUT LEVELS           
Output Voltage  IOL = 3 mA        



Low Level VOL1 VDDIO > 2 V    0.4    V 
 VOL2 VDDIO ≤ 2 V   0.2 × VDDIO    V 



Output Current          
Low Level IOL VOL = 0.4 V 20      mA 



  VOL = 0.6 V 6      mA 
AC INPUT LEVELS          



SCL Frequency   0  1 0  3.4 MHz 
SCL High Time tHIGH   260   60   ns 
SCL Low Time tLOW   500   160   ns 
Start Setup Time tSUSTA   260   160   ns 
Start Hold Time tHDSTA   260   160   ns 
SDA Setup Time tSUDAT  50   10   ns 
SDA Hold Time tHDDAT  0   0   ns 
Stop Setup Time tSUSTO   260   160   ns 
Bus Free Time tBUF   500      ns 
SCL Input Rise Time tRCL     120   80 ns 
SCL Input Fall Time tFCL    120   80 ns 
SDA Input Rise Time tRDA     120   160 ns 
SDA Input Fall Time tFDA    120   160 ns 
Width of Spikes to  



Suppress 
tSP Not shown in Figure 4   50   10 ns 



AC OUTPUT LEVELS          
Propagation Delay  CLOAD = 500 pF        



Data  tVDDAT   97  450 27  135 ns 
Acknowledge tVDACK     450    ns 



Output Fall Time tF  Not shown in Figure 4 20 × 
(VDDIO/5.5) 



 120    ns 



 



 
Figure 4. I2C Interface Timing Diagram 
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ABSOLUTE MAXIMUM RATINGS 
Table 5.  
Parameter Rating 
Acceleration (Any Axis, 0.1 ms) 5000 g  
VSUPPLY, VDDIO 5.4 V 
V1P8ANA, V1P8DIG Configured as Inputs 1.98 V 
ADXL356  



Digital Inputs (RANGE, ST1, ST2, STBY) −0.3 V to VDDIO + 0.3 V 



Analog Outputs (XOUT, YOUT, ZOUT, TEMP)  −0.3 V to V1P8ANA + 0.3 V 
ADXL357   



Digital Pins (CS/SCL, SCLK/VSSIO, 
MOSI/SDA, MISO/ASEL, INT1, INT2, 
DRDY)  



−0.3 V to VDDIO + 0.3 V 



Operating Temperature Range −40°C to +125°C 
Storage Temperature Range −55°C to +150°C 



Stresses at or above those listed under Absolute Maximum 
Ratings may cause permanent damage to the product. This is a 
stress rating only; functional operation of the product at these 
or any other conditions above those indicated in the operational 
section of this specification is not implied. Operation beyond 
the maximum operating conditions for extended periods may 
affect product reliability. 



THERMAL RESISTANCE 
Thermal performance is directly linked to printed circuit board 
(PCB) design and operating environment. Careful attention to 
PCB thermal design is required. 



θJA is the natural convection junction to ambient thermal 
resistance measured in a one cubic foot sealed enclosure.  



Table 6. Thermal Resistance 
Package Type θJA Unit 
E-14-11  42 °C/W 
1 Thermal impedance simulated values are based on a JEDEC 2S2P thermal 



test board with four thermal vias. See JEDEC JESD51. 



 



 



 



 



 



 



 



 



 



 



 



 



RECOMMENDED SOLDERING PROFILE 
Figure 5 and Table 7 provide details about the recommended 
soldering profile.  



 
Figure 5. Recommended Soldering Profile  



Table 7. Recommended Soldering Profile  
 Condition 
Profile Feature Sn63/Pb37 Pb-Free 
Average Ramp Rate from Liquid 



Temperature (TL) to Peak 
Temperature (TP) 



3°C/sec 
maximum 



3°C/sec 
maximum 



Preheat   
Minimum Temperature 



(TSMIN) 
100°C 150°C 



Maximum Temperature 
(TSMAX) 



150°C 200°C 



Time from TSMIN to TSMAX (tS) 60 sec to 
120 sec 



60 sec to 
180 sec 



TSMAX to TL Ramp-Up Rate 3°C/sec 
maximum 



3°C/sec 
maximum 



Liquid Temperature (TL)  183°C 217°C 
Time Maintained Above TL (tL) 60 sec to 



150 sec 
60 sec to 
150 sec 



Peak Temperature (TP) 240°C + 
0°C/−5°C 



260°C + 
0°C/−5°C 



Time of Actual TP − 5°C (tP) 10 sec to 
30 sec 



20 sec to 
40 sec 



Ramp-Down Rate 6°C/sec 
maximum 



6°C/sec 
maximum 



Time from 25°C to Peak 
Temperature (t25°C TO PEAK) 



6 minutes 
maximum 



8 minutes 
maximum 
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PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS 
 



 
Figure 6. ADXL356 Pin Configuration  



 



Table 8. ADXL356 Pin Function Descriptions 
Pin No. Mnemonic Description 
1 RANGE Range Selection Pin. Set this pin to ground to select the ±10 g range, or set this pin to VDDIO to select the 



±20 g or ±40 g range. This pin is model dependent (see the Ordering Guide section). 
2 ST1 Self Test Pin 1. This pin enables self test mode. 
3 ST2 Self Test Pin 2. This pin activates the electromechanical self test actuation. 
4 TEMP Temperature Sensor Output. 
5 VDDIO Digital Interface Supply Voltage. 
6 VSSIO Digital Ground. 
7 STBY Standby or Measurement Mode Selection Pin. Set this pin to ground to enter standby mode, or set this pin 



to VDDIO to enter measurement mode. 
8 V1P8DIG Digital Supply. This pin requires a decoupling capacitor. If VSUPPLY connects to VSS, supply the voltage to this 



pin externally.  
9 VSS Analog Ground. 
10 V1P8ANA Analog Supply. This pin requires a decoupling capacitor. If VSUPPLY connects to VSS, supply the voltage to this 



pin externally. 
11 VSUPPLY Supply Voltage. When VSUPPLY equals 2.25 V to 3.6 V, VSUPPLY enables the internal LDO regulators to generate 



V1P8DIG and V1P8ANA. For VSUPPLY = VSS, V1P8DIG and V1P8ANA are externally supplied. 
12 XOUT X-Axis Output. 
13 YOUT Y-Axis Output. 
14 ZOUT Z-Axis Output. 
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Figure 7. ADXL357 Pin Configuration (SPI/I2C) 



 



Table 9. ADXL357 Pin Function Descriptions 
Pin No. Mnemonic Description 
1 CS/SCL Chip Select for SPI (CS). 



  Serial Communications Clock for I2C (SCL). 
2 SCLK/VSSIO Serial Communications Clock for SPI (SCLK). 
  I2C Mode Enable (VSSIO). Connect this pin to Pin 6 (VSSIO) to enable I2C mode. 
3 MOSI/SDA Master Output, Slave Input for SPI (MOSI). 
  Serial Data for I2C (SDA). 
4 MISO/ASEL Master Input, Slave Output for SPI (MISO). 
  Alternate I2C Address Select for I2C (ASEL). 
5 VDDIO Digital Interface Supply Voltage. 
6 VSSIO Digital Ground. 
7 RESERVED Reserved. This pin can be connected to ground or left open. 
8 V1P8DIG Digital Supply. This pin requires a decoupling capacitor. If VSUPPLY connects to VSS, supply the voltage to this 



pin externally. 
9 VSS Analog Ground. 
10 V1P8ANA Analog Supply. This pin requires a decoupling capacitor. If VSUPPLY connects to VSS, supply the voltage to this 



pin externally. 
11 VSUPPLY Supply Voltage. When VSUPPLY equals 2.25 V to 3.6 V, VSUPPLY enables the internal LDOs to generate V1P8DIG and 



V1P8ANA. For VSUPPLY = VSS, V1P8DIG and V1P8ANA are externally supplied. 
12 INT1 Interrupt Pin 1. 
13 INT2 Interrupt Pin 2. 
14 DRDY Data Ready Pin. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
All figures include data for multiple devices and multiple lots, and they were taken in the ±10 g range, unless otherwise noted.  



 
Figure 8. ADXL356 Frequency Response for X-Axis  



 



 
Figure 9. ADXL356 Frequency Response for Y-Axis 



 



 
Figure 10. ADXL356 Frequency Response for Z-Axis 



 



 
Figure 11. ADXL357 Normalized Frequency Response for X-Axis at 4 kHz ODR  



 



 
Figure 12. ADXL357 Normalized Frequency Response for Y-Axis at 4 kHz ODR  



 



 
Figure 13. ADXL357 Normalized Frequency Response for Z-Axis at 4 kHz ODR  
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Figure 14. ADXL356 X-Axis Zero g Offset Normalized Relative to 25°C vs. 



Temperature 



 
Figure 15. ADXL356 Y-Axis Zero g Offset Normalized Relative to 25°C vs. 



Temperature 



 
Figure 16. ADXL356 Z-Axis Zero g Offset Normalized Relative to 25°C vs. 



Temperature 



 
Figure 17. ADXL356 X-Axis Change in Sensitivity Relative to 25°C vs. 



Temperature 



 
Figure 18. ADXL356 Y-Axis Change in Sensitivity Relative to 25°C vs. 



Temperature 



 
Figure 19. ADXL356 Z-Axis Change in Sensitivity Relative to 25°C vs. 



Temperature 
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Figure 20. ADXL356 Zero g Offset Histogram at 25°C, X-Axis 
 



 



Figure 21. ADXL356 Zero g Offset Histogram at 25°C, Y-Axis 
 



 
Figure 22. ADXL356 Zero g Offset Histogram at 25°C, Z-Axis 



 



 
Figure 23. ADXL356 Sensitivity Histogram at 25°C, X-Axis 



 



 
Figure 24. ADXL356 Sensitivity Histogram at 25°C, Y-Axis 



 



 
Figure 25. ADXL356 Sensitivity Histogram at 25°C, Z-Axis 
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Figure 26. ADXL356 Vibration Rectification Error (VRE),  



X-Axis Offset from +1 g, ±10 g Range, X-Axis Orientation = −1 g  



 
Figure 27. ADXL356 Vibration Rectification Error (VRE),  



Y-Axis Offset from +1 g, ±10 g Range, Y-Axis Orientation = +1 g 



 
Figure 28. ADXL356 Vibration Rectification Error (VRE),  



Z-Axis Offset from +1 g, ±10 g Range, Z-Axis Orientation = +1 g 



 
Figure 29. ADXL356 Vibration Rectification Error (VRE),  



X-Axis Offset from +1 g, ±40 g Range, X-Axis Orientation = −1 g 



 
Figure 30. ADXL356 Vibration Rectification Error (VRE),  



Y-Axis Offset from +1 g, ±40 g Range, Y-Axis Orientation = +1 g  



 
Figure 31. ADXL356 Vibration Rectification Error (VRE),  



Z-Axis Offset from +1 g, ±40 g Range, Z-Axis Orientation = +1 g  
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Figure 32. ADXL357 X-Axis Zero g Offset Normalized Relative to 25°C vs. 



Temperature 



 
Figure 33. ADXL357 Y-Axis Zero g Offset Normalized Relative to 25°C vs. 



Temperature 



 
Figure 34. ADXL357 Z-Axis Zero g Offset Normalized Relative to 25°C vs. 



Temperature 
 



 
Figure 35. ADXL357 X-Axis Change in Sensitivity Relative to 25°C vs. 



Temperature 



 
Figure 36. ADXL357 Y-Axis Change in Sensitivity Relative to 25°C vs. 



Temperature 



 
Figure 37. ADXL357 Z-Axis Change in Sensitivity Relative to 25°C vs. 



Temperature 
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Figure 38. ADXL357 Zero g Offset Histogram at 25°C, X-Axis 



 



 
Figure 39. ADXL357 Zero g Offset Histogram at 25°C, Y-Axis 



 



 
Figure 40. ADXL357 Zero g Offset Histogram at 25°C, Z-Axis 



 



 
Figure 41. ADXL357 Sensitivity Histogram at 25°C, X-Axis 



 



 
Figure 42. ADXL357 Sensitivity Histogram at 25°C, Y-Axis 



 



 
Figure 43. ADXL357 Sensitivity Histogram at 25°C, Z-Axis  
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Figure 44. ADXL357 Vibration Rectification Error (VRE),  



X-Axis Offset from +1 g, ±10 g Range, X-Axis Orientation = −1 g  



 
Figure 45. ADXL357 Vibration Rectification Error (VRE),  



Y-Axis Offset from +1 g, ±10 g Range, Y-Axis Orientation = +1 g 



 
Figure 46. ADXL357 Vibration Rectification Error (VRE),  



Z-Axis Offset from +1 g, ±10 g Range, Z-Axis Orientation = +1 g  



 
Figure 47. ADXL357 Vibration Rectification Error (VRE),  



X-Axis Offset from +1 g, ±40 g Range, X-Axis Orientation = −1 g  



 
Figure 48. ADXL357 Vibration Rectification Error (VRE),  



Y-Axis Offset from +1 g, ±40 g Range, Y-Axis Orientation = +1 g  



 
Figure 49. ADXL357 Vibration Rectification Error (VRE),  



Z-Axis Offset from +1 g, ±40 g Range, Z-Axis Orientation = +1 g  
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Figure 50. ADXL356 Temperature Sensor Output and Linearity Offset vs. 



Temperature  



 
Figure 51. ADXL356 Total Supply Current, 3.3 V 



 



 
Figure 52. ADXL357 Internal ODR Frequency Histogram 



 



 
Figure 53. ADXL357 Temperature Sensor Output and Linearity Offset vs. 



Temperature  



 
Figure 54. ADXL357 Total Supply Current, 3.3 V 
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ROOT ALLAN VARIANCE (RAV) ADXL357 CHARACTERISTICS 
Figure 55 to Figure 57 include data for multiple devices and multiple lots, and they were taken in the ±10 g range, unless otherwise noted.  



 
Figure 55. ADXL357 Root Allan Variance (RAV), X-Axis 



 



 
Figure 56. ADXL357 Root Allan Variance (RAV), Y-Axis 



 



 
Figure 57. ADXL357 Root Allan Variance (RAV), Z-Axis 



 



 



 



 



 



 



1000



1



10



100



0.01 10001001010.1



R
O



O
T 



A
LL



A
N



 V
A



R
IA



N
C



E 
(µ



g)



INTEGRATION TIME (Seconds) 15
42



9-
05



5



1000



1



10



100



0.01 10001001010.1



R
O



O
T 



A
LL



A
N



 V
A



R
IA



N
C



E 
(µ



g)



INTEGRATION TIME (Seconds) 15
42



9-
05



6



1000



1



10



100



0.01 10001001010.1



R
O



O
T 



A
LL



A
N



 V
A



R
IA



N
C



E 
(µ



g)



INTEGRATION TIME (Seconds) 15
42



9-
05



7





http://www.analog.com/ADXL357?doc=ADXL356-357.pdf


http://www.analog.com/ADXL357?doc=ADXL356-357.pdf


http://www.analog.com/ADXL357?doc=ADXL356-357.pdf


http://www.analog.com/ADXL357?doc=ADXL356-357.pdf








ADXL356/ADXL357 Data Sheet 
 



Rev. 0 | Page 20 of 42 



THEORY OF OPERATION 
The ADXL356 is a complete 3-axis, ultralow noise and ultrastable 
offset MEMS accelerometer with outputs ratiometric to the analog 
1.8 V supply, V1P8ANA. The ADXL357 adds three high resolution 
ADCs that use the analog 1.8 V supply as a reference to provide 
digital outputs insensitive to the supply voltage. The ADXL356B 
is pin selectable for ±10 g or ±20 g full scale, the ADXL356C is pin 
selectable for ±10 g or ±40 g full scale, and the ADXL357 is 
programmable for ±10.24 g, ±20.48 g, and ±40.96 g full scale. 
The ADXL357 offers both SPI and I2C communications ports. 



The micromachined, sensing elements are fully differential, 
comprising the lateral x-axis and y-axis sensors and the vertical, 
teeter totter z-axis sensors. The x-axis and y-axis sensors and 
the z-axis sensors go through separate signal paths that minimize 
offset drift and noise. The signal path is fully differential, except 



for a differential to single-ended conversion at the analog 
outputs of the ADXL356. 



The analog accelerometer outputs of the ADXL356 are ratiometric 
to V1P8ANA; therefore, carefully digitize them correctly. The tempera-
ture sensor output is not ratiometric. The XOUT, YOUT, and ZOUT 



analog outputs are filtered internally with an antialiasing filter. 
These analog outputs also have an internal 32 kΩ series resistor 
that can be used with an external capacitor to set the bandwidth 
of the output.  



The ADXL357 includes antialias filters before and after the high 
resolution Σ-Δ ADC. User-selectable output data rates and filter 
corners are provided. The temperature sensor is digitized with a 
12-bit successive approximation register (SAR) ADC. 
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APPLICATIONS INFORMATION 
ANALOG OUTPUT 
Figure 58 shows the ADXL356 application circuit. The analog 
outputs (XOUT, YOUT, and ZOUT) are ratiometric to the 1.8 V 
analog voltage from the V1P8ANA pin. V1P8ANA can be powered 
with an on-chip LDO regulator that is powered from VSUPPLY. 
V1P8ANA can also be supplied externally by forcing VSUPPLY to VSS, 
which disables the LDO regulator. Due to the ratiometric 
response, the analog output requires referencing to the V1P8ANA 
supply when digitizing to achieve the inherent noise and offset 
performance of the ADXL356. The 0 g bias output is nominally 
equal to V1P8ANA/2. The recommended option is to use the 
ADXL356 with a ratiometric ADC (for example, the Analog 
Devices, Inc., AD7682) with V1P8ANA providing the voltage 
reference. This configuration results in self cancellation of 
errors due to minor supply variations.  



The ADXL356 outputs two forms of filtering: internal anti-
aliasing filtering with a cutoff frequency of approximately 1.5 kHz, 
and external filtering. The external filter uses a fixed, on-chip, 
32 kΩ resistance in series with each output in conjunction with 
the external capacitors to implement the low-pass filter antialiasing 



and noise reduction prior to the external ADC. The antialias 
filter cutoff frequency must be significantly higher than the 
desired signal bandwidth. If the antialias filter corner is too low, 
ratiometricity can degrade where the signal attenuation is 
different from the reference attenuation. 



DIGITAL OUTPUT 
Figure 59 shows the ADXL357 application circuit with the 
recommended bypass capacitors. The communications interface 
is either SPI or I2C (see the Serial Communications section for 
additional information).  



The ADXL357 includes an internal configurable digital band-
pass filter. Both the high-pass and low-pass poles of the filter 
are adjustable, as detailed in the Filter Settings Register section 
and Table 44. At power-up, the default conditions for the filters 
are as follows: 



• High-pass filter (HPF) = dc (off)  
• Low-pass filter (LPF) = 1000 Hz 
• Output data rate = 4000 Hz 



  
Figure 58. ADXL356 Application Circuit  



 
Figure 59. ADXL357 Application Circuit  
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AXES OF ACCELERATION SENSITIVITY 
Figure 60 shows the axes of acceleration sensitivity. Note that 
the output voltage increases when accelerated along the 
sensitive axis.  



 
Figure 60. Axes of Acceleration Sensitivity 



POWER SEQUENCING 
There are two methods for applying power to the device. 
Typically, internal LDO regulators generate the 1.8 V power for 
the analog and digital supplies, V1P8ANA and V1P8DIG, respectively. 
Optionally, connecting VSUPPLY to VSS and driving V1P8ANA and 
V1P8DIG with an external supply can supply V1P8ANA and V1P8DIG. 



When using the internal LDO regulators, connect VSUPPLY to a 
voltage source between 2.25 V to 3.6 V. In this case, VDDIO and 
VSUPPLY can be powered in parallel. VSUPPLY must not exceed the 
VDDIO voltage by greater than 0.5 V. If necessary, VDDIO can be 
powered before VSUPPLY. 



When disabling the internal LDO regulators and using an external 
1.8 V supply to power V1P8ANA and V1P8DIG, tie VSUPPLY to ground, 
and set V1P8ANA and V1P8DIG to the same final voltage level. In the 
case of bypassing the LDOs, the recommended power sequence is 
to apply power to VDDIO, followed by V1P8DIG approximately 10 µs 
later, and then V1P8ANA approximately 10 µs later. If necessary, 
V1P8DIG and VDDIO can be powered from the same 1.8 V supply, 
which can also be tied to V1P8ANA with proper isolation. In this 
case, proper decoupling and low frequency isolation is important 
to maintain the noise performance of the sensor. 



POWER SUPPLY DESCRIPTION 
The ADXL356/ADXL357 have four different power supply 
domains: VSUPPLY, V1P8ANA, V1P8DIG, and VDDIO. The internal 
analog and digital circuitry operates at 1.8 V nominal.  



VSUPPLY 



VSUPPLY is 2.25 V to 3.6 V, which is the input range to the two 
LDO regulators that generate the nominal 1.8 V outputs for 
V1P8ANA and V1P8DIG. Connect VSUPPLY to VSS to disable the LDO 
regulators, which allows driving V1P8ANA and V1P8DIG from an 
external source. 



V1P8ANA 



All sensor and analog signal processing circuitry operates in 
this domain. Offset and sensitivity of the analog output 
ADXL356 are ratiometric to this supply voltage. When using 



external ADCs, use V1P8ANA as the reference voltage. The digital 
output ADXL357 includes ADCs that are ratiometric to V1P8ANA, 
thereby rendering offset and sensitivity insensitive to the value 
of V1P8ANA. V1P8ANA can be an input or an output as defined by the 
state of the VSUPPLY voltage.  



V1P8DIG 



V1P8DIG is the supply voltage for the internal logic circuitry. A 
separate LDO regulator decouples the digital supply noise from 
the analog signal path. V1P8ANA can be an input or an output as 
defined by the state of the VSUPPLY voltage. If driven externally, 
V1P8DIG must be the same voltage as the V1P8ANA voltage.  



VDDIO 



The VDDIO value determines the logic high levels. On the analog 
output ADXL356, VDDIO sets the logic high level for the self test 
pins, ST1 and ST2, as well as the STBY pin. On the digital output 
ADXL357, VDDIO sets the logic high level for communications 
interface ports, as well as the interrupt and DRDY outputs. 



The LDO regulators are operational when VSUPPLY is between 
2.25 V and 3.6 V. V1P8ANA and V1P8DIG are the regulator outputs in 
this mode. Alternatively, when tying VSUPPLY to VSS, V1P8ANA and 
V1P8DIG are supply voltage inputs with a 1.62 V to 1.98 V range. 



OVERRANGE PROTECTION 
To avoid electrostatic capture of the proof mass when the 
accelerometer is subject to input acceleration beyond its full-
scale range, all sensor drive clocks turn off for 0.5 ms. In the 
±10 g/±10.24 g range setting, the overrange protection activates 
for input signals beyond approximately ±40 g (±25%), and for 
the ±20 g/±20.48 g and ±40 g/±40.95 g range settings, the 
threshold corresponds to about ±80 g (±25%).  



When overrange protection occurs, the XOUT, YOUT, and ZOUT pins 
on the ADXL356 begin to drive to midscale. The ADXL357 
floats toward zero, and first in, first out (FIFO) buffer begins 
filling with this data. 



SELF TEST 
The ADXL356 and ADXL357 incorporate a self test feature 
that effectively tests the mechanical and electronic system. 
Enabling self test stimulates the sensor electrostatically to 
produce an output corresponding to the test signal applied as 
well as the mechanical force exerted. Only the z-axis response is 
specified to validate device functionality.   



In the ADXL356, drive the ST1 pin to VDDIO to invoke self test 
mode. Then, by driving the ST2 pin to VDDIO, the ADXL356 
applies an electrostatic force to the mechanical sensor and 
induces a change in output in response to the force. The self test 
delta (or response) is the difference in output voltage in the 
z-axis when ST2 is high vs. ST2 is low, while ST1 is asserted. 
After the self test measurement is complete, bring both pins low 
to resume normal operation. 



The self test operation is similar in the ADXL357, except ST1 
and ST2 can be accessed through the SELF_TEST register 
(Register 0x2E). 
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The self test feature rejects externally applied acceleration and 
only responds to the self test force, which allows an accurate 
measurement of the self test, even in the presence of external 
mechanical noise. 



FILTER 
The ADXL356/ADXL357 use an analog, low-pass, antialiasing 
filter to reduce out of band noise and to limit bandwidth. The 
ADXL357 provides further digital filtering options to maintain 
excellent noise performance at various ODRs. 



The analog, low-pass antialiasing filter in the ADXL356/ 
ADXL357 provides a fixed bandwidth of approximately 
1.5 kHz, the frequency at which the output response is 
attenuated by approximately 50%. The shape of the filter 
response in the frequency domain is that of a sinc3 filter.  



The ADXL356 x-axis, y-axis, and z-axis analog outputs include 
an amplifier followed by a series 32 kΩ resistor, and output to 
the XOUT, the YOUT, and the ZOUT pins, respectively.  



The ADXL357 provides an internal 20-bit, Σ-Δ ADC to digitize 
the filtered analog signal. Additional digital filtering (beyond the 
analog, low-pass, antialiasing filter) consists of a low-pass digital 
decimation filter and a bypassable high-pass filter that supports 
output data rates between 4 kHz and 3.906 Hz. The decimation 
filter consists of two stages. The first stage is fixed decimation 
with a 4 kHz ODR with a low-pass filter cutoff (50% reduction 
in output response) at about 1 kHz. A variable second stage 
decimation filter is used for the 2 kHz output data rate and below 
(it is bypassed for 4 kHz ODR). Figure 61 shows the low-pass 
filter response with a 1 kHz corner (4 kHz ODR) for the 
ADXL357. Note that Figure 61 does not include the fixed 
frequency analog, low-pass, antialiasing filter with a fixed 
bandwidth of approximately 1.5 kHz. 



 
Figure 61. ADXL357 Digital Low-Pass Filter (LPF) Response for 4 kHz ODR  



The ADXL357 pass band of the signal path relates to the 
combined filter responses, including the analog filter previously 
described, and the digital decimation filter/ODR setting. Table 10 
shows the delay associated with the decimation filter for each 
setting and provides the attenuation at the ODR/4 corner. 



The ADXL357 also includes an optional digital high-pass filter 
with a programmable corner frequency. By default, the high-
pass filter is disabled. The high-pass corner frequency, where 
the output is attenuated by 50%, is related to the ODR, and the 
HPF_CORNER setting in the filter register (Register 0x28, 
Bits[6:4]). Table 11 shows the HPF_CORNER response. Figure 62 
and Figure 63 show the simulated high-pass filter response and 
delay for a 10 Hz cutoff.  



The ADXL357 also includes an interpolation filter, after the 
decimation filters, that produces oversampled/upconverted data 
and provides an external synchronization option. See the Data 
Synchronization section for more details. Table 12 shows the 
delay and attenuation relative to the programmed ODR.  



 
Figure 62. High-Pass Filter Pass-Band Response for a 4 kHz ODR and an 



HPF_CORNER Setting of 001 (Register 0x28, Bits[6:4])  



Group delay is the digital filter delay from the input to the ADC 
until data is available at the interface (see the Filter section). 
This delay is the largest component of the total delay from 
sensor to serial interface.  



 
Figure 63. High-Pass Filter Delay Response for a 4 kHz ODR and an 



HPF_CORNER Setting of 001 (Register 0x28, Bits[6:4]) 
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Table 10. Digital Filter Group Delay and Profile 
 Delay Attenuation 
Programmed ODR (Hz) ODR (Cycles) Time (ms) Decimator at ODR/4 (dB) Full Path at ODR/4 (dB) 
4000 2.52 0.63 −3.44 −3.63 
4000/2 = 2000  2.00 1.00 −2.21 −2.26 
4000/4 = 1000 1.78 1.78 −1.92 −1.93 
4000/8 = 500 1.63 3.26 −1.83 −1.83 
4000/16 = 250 1.57 6.27 −1.83 −1.83 
4000/32 = 125 1.54 12.34 −1.83 −1.83 
4000/64 = 62.5 1.51 24.18 −1.83 −1.83 
4000/128 ~ 31  1.49 47.59 −1.83 −1.83 
4000/256 ~ 16 1.50 96.25 −1.83 −1.83 
4000/512 ~ 8 1.50 189.58 −1.83 −1.83 
4000/1024 ~ 4 1.50 384.31 −1.83 −1.83 



Table 11. Digital High-Pass Filter Response 
HPF_CORNER Register Setting  
(Register 0x28, Bits[6:4]) HPF_CORNER Frequency, −3 dB Point Relative to ODR Setting  −3 dB at 4 kHz ODR (Hz) 
000 Not applicable, no high-pass filter enabled Off 
001 247 × 10−3 × ODR 9.88 
010 62.084 × 10−3 × ODR 2.48 
011 15.545 × 10−3 × ODR 0.62 
100 3.862 × 10−3 × ODR 0.1545 
101 0.954 × 10−3 × ODR 0.03816 
110 0.238 × 10−3 × ODR 0.00952 



Table 12. Combined Digital Interpolation Filter and Decimation Filter Response 
Interpolator Data Rate Resolution 
Relative to 64 × ODR (Hz) 



Combined Interpolator/ 
Decimator Delay (ODR Cycles) 



Combined Interpolator/ 
Decimator Delay (ms) 



Combined Interpolator/Decimator 
Output Attenuation at ODR/4 (dB) 



64 × 4000 = 256000 3.51661 0.88 −6.18 
64 × 2000 = 128000 3.0126 1.51 −4.93 
64 × 1000 = 64000 2.752 2.75 −4.66 
64 × 500 = 32000 2.6346 5.27 −4.58 
64 × 250 = 16000 2.5773 10.31 −4.55 
64 × 125 = 8000 2.5473 20.38 −4.55 
64 × 62.5 = 4000 2.53257 40.52 −4.55 
64 × 31.25 = 2000 2.52452 80.78 −4.55 
64 × 15.625 = 1000 2.52045 161.31 −4.55 
64 × 7.8125 = 500 2.5194 322.48 −4.55 
64 × 3.90625 = 250 2.51714 644.39 −4.55 
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SERIAL COMMUNICATIONS 
The 4-wire serial interface communicates in either the SPI or 
I2C protocol. It affectively autodetects the format being used, 
requiring no configuration control to select the format.  



SPI PROTOCOL 
Wire the ADXL357 for SPI communication as shown in the 
connection diagram in Figure 64. The SPI protocol timing is 
shown in Figure 65 to Figure 68. The timing scheme follows the 
clock polarity (CPOL) = 0 and clock phase (CPHA) = 0. The 
SPI clock speed ranges from 100 kHz to 10 MHz. 



 
Figure 64. 4-Wire SPI Connection  



 



 
Figure 65. SPI Timing Diagram—Single-Byte Read 



 



 
Figure 66. SPI Timing Diagram—Single-Byte Write  



 



 
Figure 67. SPI Timing Diagram—Multibyte Read  



 



 
Figure 68. SPI Timing Diagram—Multibyte Write 



 



 



 



 



 



 



PROCESSOR



CS



MOSI



MISO



SCLK



DOUT



DOUT



DIN



DOUT



ADXL357



15
42



9-
06



4



RWA6 A5 A4 A3 A2 A1 A0



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
CS



SCLK



MOSI



MISO D7 D6 D5 D4 D3 D2 D1 D0 15
42



9-
06



5



D7 D6 D5 D4 D3 D2 D1 D0



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SCLK



MOSI



MISO



RWA6 A5 A4 A3 A2 A1 A0



CS



15
42



9-
06



6



10 11 12 13 14 15 16 171 2 3 4 5 6 7 8 9



D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0D0 D7
BYTE 1 BYTE n



RWA6 A5 A4 A3 A2 A1 A0



SCLK



MOSI



MISO



CS



15
42



9-
06



7



10 11 12 13 14 15 16 17



BYTE 1 BYTE n



1 2 3 4 5 6 7 8 9



D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0D0 D7RWA6 A5 A4 A3 A2 A1 A0



SCLK



MOSI



MISO



CS



15
42



9-
06



8





http://www.analog.com/ADXL357?doc=ADXL356-357.pdf








ADXL356/ADXL357 Data Sheet 
 



Rev. 0 | Page 26 of 42 



I2C PROTOCOL 
The ADXL357 supports point to point I2C communication. 
However, when sharing an SDA bus, the ADXL357 may prevent 
communication with other devices on that bus. If at any point, 
even when the ADXL357 is not being addressed, the 0x3A and 
0x3B bytes (when the ADXL357 device ID is set to 0x1D), or 
the 0xA6 and 0xA7 bytes (when the ADXL357 device ID is set 
to 0x53) are transmitted on the SDA bus, the ADXL357 responds 
with an acknowledge bit and pulls the SDA line down. For 
example, this response can occur when reading or writing the 
data bytes (0x3A/0x3B or 0xA6/0xA7) to another sensor on the 
bus. When the ADXL357 pulls the SDA line down, communica-
tion with other devices on the bus may be interrupted. To 
resolve this, the ADXL357 must be connected to a separate SDA 
bus, or the SCL pin must be switched high when communication 
with the ADXL357 is not desired (it is normally grounded). 



The ADXL357 supports standard (100 kHz), fast (up to 1 MHz) 
and high speed (up to 3.4 MHz) data transfer modes when the 
bus parameters in Table 4 are met. There is no minimum SCL 
frequency, with the exception that, when reading data, the clock 
must be fast enough to read an entire sample set before new data 
overwrites it. Single- or multiple-byte reads/writes are supported. 
With the ASEL pin low, the I2C address for the device is 0x1D 
and an alternate I2C address of 0x53 can be chosen by pulling 
the ASEL pin high.  



There are no internal pull-up or pull-down resistors for any 
unused pins; therefore, there is no known state or default state 
for the pins if left floating or unconnected. It is required that 
SCLK/VSSIO be connected to ground when communicating to 
the ADXL357 using I2C. 



Due to communication speed limitations, the maximum output 
data rate when using the 400 kHz I2C mode is 800 Hz, and it 
scales linearly with a change in the I2C communication speed. 
For example, using I2C at 100 kHz limits the maximum ODR to 
200 Hz. Operation at an output data rate above the recommended 
maximum may result in an undesirable effect on the acceleration 
data, including missing samples or additional noise. 



 



 



Figure 69 to Figure 71 detail the I2C protocol timing. The I2C 
interface can be used on most buses operating in I2C standard 
mode (100 kHz), fast mode (400 kHz), fast mode plus (1 MHz), 
and high speed mode (3.4 MHz). The ADXL357 I2C device ID 
is as follows: 



• ASEL (pin) = 0, device address = 0x1D  
• ASEL (pin) = 1, device address = 0x53  



If other devices are connected to the same I2C bus, the nominal 
operating voltage level of these other devices cannot exceed 
VDDIO by more than 0.3 V. External pull-up resistors, RP, are 
necessary for proper I2C operation. 



READING ACCELERATION OR TEMPERATURE 
DATA FROM THE INTERFACE 
Acceleration data is left justified and has a register address 
order of most significant data to least significant data, which 
allows the user to use multibyte transfers and to take only as 
much data as required—either 8 bits, 16 bits, or 20 bits, plus the 
marker. Temperature data is 12 bits unsigned, right justified. 
The ADXL357 temperature value is split over two bytes, but is 
not double-buffered, meaning the value can update between 
readings of the two registers. The data in XDATA, YDATA, and 
ZDATA is always the most recent available. It is not guaranteed 
that XDATA, YDATA, and ZDATA form a set corresponding to 
one sample point in time. The routine used to retrieve the data 
from the device controls this data set continuity. If data transfers 
are initiated when the DATA_RDY bit goes high and completes 
in a time approximately equal to 1/ODR, XDATA, YDATA, and 
ZDATA apply to the same data set. 



For multibyte read or write transactions through either serial 
interface, the internal register address auto-increments. When 
the top of the register address range, 0x3FF, is reached the auto-
increment stops and does not wrap back to Hexadecimal 
Address 0x00. 



The address auto-increment function disables when the FIFO 
address is used, so that data can be read continuously from the 
FIFO as a multibyte transaction. In cases where the starting 
address of a multibyte transaction is less than the FIFO address, 
the address auto-increments until reaching the FIFO address, 
and then stops at the FIFO address. 



 



 
Figure 69. I2C Timing Diagram—Single-Byte Read  



 



 
Figure 70. I2C Timing Diagram—Single-Byte Write 
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Figure 71. I2C Timing Diagram—Multibyte Write 



 



10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 191 2 3 4 5 6 7 8 9
SCL



START DEVICE ADDRESS REGISTER ADDRESS DATA BYTE 1 DATA BYTE n



SDA A60 A5 A4 A3 A2 A1 A0 AK D6D7 D5 D4 D3 D2 D1 D0 D7AK D0 AK D6D7 D5 D4 D3 D2 D1 D0 AKA6 A5 A4 A3 A2 A1 A0 RW AK 15
42



9-
07



1











ADXL356/ADXL357 Data Sheet 
 



Rev. 0 | Page 28 of 42 



FIFO 
FIFO operates in a stream mode; that is, when the FIFO 
overruns new data overwrites the oldest data in the FIFO. A 
read from the FIFO address guarantees that the three bytes 
associated with the acceleration measurement on an axis all 
pertain to the same measurement. If the FIFO never overflows, 
the data is always taken out in sets (multiples of three data 
points). 



There are 96 21-bit locations in the FIFO. Each location 
contains 20 bits of data and a marker bit for the x-axis data. A 
single-byte read from the FIFO address pops one location from 
the FIFO. A multibyte read to the FIFO location pops the FIFO 
on the read of the first byte and every third byte read thereafter. 



Figure 72 shows the organization of the data in the FIFO. The 
acceleration data is twos complement, 20-bit data. The FIFO 
control logic inserts the two virtual bits (0b00) between the data 
bits and the empty indicator bit. Bit 1 indicates that an attempt 
was made to read an empty FIFO, and that the data is not valid 
acceleration data. Bit 0 is a marker bit to identify the x-axis, 
which allows a user to verify that the FIFO data was correctly 
read. An acceleration data point for a given axis occupies one 
FIFO location. The read pointer, RD_PTR, points to the oldest 
stored data that was not read already from the interface (see 
Figure 72). There are no physical x-acceleration, y-acceleration, or 
z-acceleration data registers. This data also comes directly from 
the most recent data set in the FIFO, which points to by the 
z pointer, Z_PTR (see Figure 72).  



 



 
Figure 72. FIFO Data Organization 
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INTERRUPTS 
The status register (Register 0x04) contains five individual bits, 
four of which can be mapped to either the INT1 pin, the INT2 pin, 
or both. The polarity of the interrupt, active high or active low, 
is also selectable via the INT_POL bit in the range (Register 0x2C) 
register. In general, the status register clears when read, but this 
is not the case if the condition that caused the interrupt persists 
after the read of the register. The definition of persist varies 
slightly in each case, but it is described in the DATA_RDY, 
DRDY Pin, FIFO_FULL, FIFO_OVR, and Activity sections. 
The DRDY pin is similar to an interrupt pins (INTx) but clears 
very differently. This case is also described. 



DATA_RDY 
The DATA_RDY bit is set when new acceleration data is 
available to the interface. It clears on a read of the status register. 
It is not set again until acceleration data that is newer than the 
status register read is available. 



Special logic on the clear of the DATA_RDY bit covers the 
corner case where new data arrives during the read of the status 
register. In this case, the data ready condition may be missed 
completely. This logic results in a delay of the clearing of 
DATA_RDY of up to four 512 kHz cycles. 



DRDY PIN 
The DRDY pin is not a status register bit; it instead behaves 
similar to an unmaskable interrupt. DRDY is set when new 
acceleration data is available to the interface. It clears on a read 
of the FIFO, on a read of XDATA, YDATA, or ZDATA, or by an 
autoclear function that occurs approximately halfway between 
output acceleration data sets. 



DRDY is always active high. The INT_POL bit does not affect 
DRDY. In external sync modes (EXT_SYNC = 01, EXT_SYNC = 
10), the first few DRDY pulses after initial synchronization can 
be lost or corrupted. The length of this potential corruption is 
less than the group delay. 



FIFO_FULL 
The FIFO_FULL bit is set when the entries in the FIFO are 
equal to the setting of the FIFO_SAMPLES bits. It clears as 
follows: 



• If the number of entries in the FIFO is less than the 
number of samples indicated by the FIFO_SAMPLES bits, 
which is only the case if sufficient data is read from the 
FIFO. 



• On a read of the status register, but only when the entries 
in the FIFO are less than the FIFO_SAMPLES bits.  



FIFO_OVR 
The FIFO_OVR bit is set when the FIFO is so far overrange that 
data is lost. The specified size of the FIFO is 96 locations. The 
FIFO_OVR is set only when there is an attempt to write past 
this 96 location limit. 



A read of the status register clears FIFO_OVR. It is not set again 
until data is lost subsequent to this data register read. 



ACTIVITY 
The activity bit (Register 0x04, Bit 3) is set when the measured 
acceleration on any axis is above the ACT_THRESH bits for 
ACT_COUNT consecutive measurements. An overthreshold 
condition can shift from one axis to another on successive 
measurements and is still counted toward the consecutive 
ACT_COUNT count. 



A read of the status register clears the activity bit (Register 0x04, 
Bit 3), but it sets again at the end of the next measurement if the 
activity bit (Register 0x04, Bit 3) conditions are still satisfied.  



NVM_BUSY 



The NVM_BUSY bit indicates that the nonvolatile memory 
(NVM) controller is busy, and it cannot be accessed to read, 
write, or generate an interrupt. 



A status register read that occurs after the NVM controller is no 
longer busy clears NVM_BUSY.  



EXTERNAL SYNCHRONIZATION AND 
INTERPOLATION 
There are three possible synchronization options for the ADXL357, 
shown in Figure 73 to Figure 75. For clarity, the clock frequencies 
and delays are drawn to scale. The labels in Figure 73 to Figure 75 
are defined as follows: 



• Internal ODR is the alignment of the decimated output 
data based on the internal clock. 



• ADC CLK shows the internal master clock rate 
• DRDY is an output indicator signaling a sample is ready.  



The three modes are as follows: 



• No external synchronization (internal clocks used) 
• Synchronization with interpolation filter enabled 
• Sync with an external sync and clock signals, no 



interpolation filter 



EXT_SYNC = 00—No External Sync or Interpolation 



For this case, an internal clock that serves as the synchronization 
master generates the data. No external signals are required, and 
this is used commonly when the external processor retrieves 
data from the device asynchronously and absolute synchronization 
to an external source is not required. Use Register 0x28 to program 
the ODR.  



The device outputs a DRDY (active high) to signal that a new 
sample is available, and data is retrieved from the real-time 
registers or the FIFO. The group delay is based on the 
decimation setting as shown in Table 10.  
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EXT_SYNC = 10—External Sync with Interpolation 



In this case, the internal clock generates data; however, an 
interpolation filter provides additional time resolution of 64 
times the programmed ODR. Synchronization using interpolation 
filters and an external ODR clock is commonly used when the 
external processor can provide a synchronization signal (which 
is asynchronous to the internal clock) at the desired ODR. 
Synchronization with the interpolation filter enabled 
(EXT_SYNC = 10) allows the nonsynchronous external clock to 
output data most closely associated with the external clock 
rising edge. The interpolation filter provides a frequency 
resolution related to ODR (see Table 12). 



The advantage of this mode is that data is available at a user defined 
sample rate and is asynchronous to the internal oscillator. The 
disadvantage of this mode is that the group delay is increased, 
with increased attenuation at the band edge. Additionally, 
because there is a limit to the time resolution, there is some 
distortion related to the mismatch of the external sync relative 
to the internal oscillator. This mismatch degrades spectral 
performance. The group delay is based on the decimation 
setting and interpolation setting (see Table 12). Table 13 shows 
the delay between the SYNC signal (input) to DRDY (output). 



Table 13. EXT_SYNC = 10, DRDY Delay  
ODR_LPF Delay (Oscillator Cycles) 
0x0 8 
0x1 10 
0x2 14 
0x3 22 
0x4 38 
0x5 70 
0x6 134 
0x7 262 
0x8 1031 
0x9 2054 
0x10 4102 



EXT_SYNC = 01—External Sync and External Clock, No 
Interpolation Filter  



In this case, an external source provides an external clock at a 
frequency of 4 × 64 × ODR. The external clock becomes the 
master clock source for the device. In addition, an external 
synchronization signal is needed to align the decimation filter 
output to a specific clock edge, which provides full external 
synchronization and is commonly used when a fixed external 
clock captures and processes data, and asynchronous clocks are not 
allowed. When using multiple sensors, synchronization with an 
external master clock is beneficial and requires time alignment.  



When configured for EXT_SYNC = 01 with an ODR of 4 kHz, 
the user must supply an external clock at 1.024 MHz (64 × 4 × 
4 kHz) on the INT2 pin (Pin 13), and an external synchronization 
on DRDY pin (Pin 14), as shown in Table 14. 



Special restrictions when using this mode include the following: 



• An external clock (EXT_CLK) must be provided as well as 
an external sync. 



• The frequency of EXT_CLK must be exactly 4 × 64 × ODR. 
• The width of sync must be a minimum of four EXT_CLK 



periods. 
• The phase of sync must meet an approximate 25 ns setup 



time to the EXT_CLK rising edge. 



When using the EXT_SYNC mode and without providing sync, 
the device runs on its own synchronization. Similarly, after 
synchronization, the device continues to run synchronized to 
the last sync pulse it received, which means that EXT_SYNC = 01 
mode can be used with only a single synchronization pulse. 



The interpolation filter provides a frequency resolution related to 
the ODR (see Table 12). In this case, the data provided corresponds 
to the external signal, which can be greater than the set ODR, 
but the output pass band remains the same it was prior to the 
interpolation filter.  



 



Table 14. Multiplexing of INT2 and DRDY  
Register or Bit Fields Pins  



EXT_CLK EXT_SYNC[1:0] INT_MAP[7:4] INT2 (Pin 13) DRDY (Pin 14) Comments 
0 00 0000 Low DRDY Synchronization is to the internal clocks, and there is no 



external clock synchronization. 0 00 Not 0000 INT2 DRDY 
1 00 0000 EXT_CLK DRDY 
1 00 Not 00002 EXT_CLK DRDY 
0 01 0000 DRDY SYNC These options reset the digital filters on every 



synchronization pulse and are not recommended. 0 011 Not 0000 INT2 SYNC 



1 011 0000 EXT_CLK SYNC External synchronization, no interpolation filter, and 
DRDY (active high) signals that data is ready. Data 
represents a sample point group delay earlier in time. 



1 011 Not 00002 EXT_CLK SYNC 



0 10 0000 DRDY SYNC External synchronization, interpolation filter, and DRDY 
(active high) signals that data is ready. Data sample 
group delay earlier in time. 



0 101 Not 0000 INT2 SYNC 
1 101 0000 EXT_CLK SYNC 
1 101 Not 0000 EXT_CLK SYNC 



1 No DRDY. 
2 No INT2, even though it is enabled. 
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Figure 73. External Synchronization Option—EXT_SYNC = 00, Internal Sync 



 



 
Figure 74. External Synchronization Option—EXT_SYNC = 10, External Sync, External Clock, Interpolation Filter 



 



 
Figure 75. External Synchronization Option—EXT_SYNC = 01, External Sync, No Interpolation Filter 



INTERNAL ODR



GROUP DELAY
(FIXED RELATIVE TO DRDY)



SAMPLE POINT



ADC MOD. CLK.
64× ODR



DRDY 15
42



9-
07



3



INTERNAL ODR



INTERPOLATOR
64× ODR



DRDY



GROUP DELAY
(FIXED RELATIVE TO SYNC) INTERFACE SYNCHRONIZATION DELAYSAMPLE POINT



SYNC
110% ODR



15
42



9-
07



4



INTERNAL ODR



DRDY



GROUP DELAY
(FIXED RELATIVE TO SYNC)



SAMPLE POINT



LOST SAMPLE



SYNCHRONIZE



EXT_CLK
(4 × 64) × SYNC



SYNC



15
42



9-
07



5











ADXL356/ADXL357 Data Sheet 
 



Rev. 0 | Page 32 of 42 



ADXL357 REGISTER MAP 
Note that while configuring the ADXL357 in an application, all configuration registers must be programmed before enabling measurement 
mode in the POWER_CTL register. When the ADXL357 is in measurement mode, only the following configurations can change: the 
HPF_CORNER bits in the filter register, the INT_MAP register, the ST1 and ST2 bits in the SELF_TEST register, and the reset register. 



Table 15. ADXL357 Register Map 
Hex. 
Addr. Register Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reset R/W 
0x00 DEVID_AD DEVID_AD 0xAD R 



0x01 DEVID_MST DEVID_MST 0x1D R 



0x02 PARTID PARTID 0xED R 



0x03 REVID REVID 0x01 R 



0x04 Status Reserved NVM_ 
BUSY 



Activity FIFO_OVR FIFO_FULL DATA_RDY 0x00 R 



0x05 FIFO_ENTRIES Reserved FIFO_ENTRIES 0x00 R 



0x06 TEMP2 Reserved Temperature, Bits[11:8] 0x00 R 



0x07 TEMP1 Temperature, Bits[7:0] 0x00 R 
0x08 XDATA3 XDATA, Bits[19:12] 0x00 R 



0x09 XDATA2 XDATA, Bits[11:4] 0x00 R 



0x0A XDATA1 XDATA, Bits[3:0] Reserved 0x00 R 



0x0B YDATA3 YDATA, Bits[19:12] 0x00 R 



0x0C YDATA2 YDATA, Bits[11:4] 0x00 R 



0x0D YDATA1 YDATA, Bits[3:0] Reserved 0x00 R 



0x0E ZDATA3 ZDATA, Bits[19:12] 0x00 R 



0x0F ZDATA2 ZDATA, Bits[11:4] 0x00 R 



0x10 ZDATA1 ZDATA, Bits[3:0] Reserved 0x00 R 



0x11 FIFO_DATA FIFO_DATA 0x00 R 



0x1E OFFSET_X_H OFFSET_X, Bits[15:8] 0x00 R/W 



0x1F OFFSET_X_L OFFSET_X, Bits[7:0] 0x00 R/W 



0x20 OFFSET_Y_H OFFSET_Y, Bits[15:8] 0x00 R/W 



0x21 OFFSET_Y_L OFFSET_Y, Bits[7:0] 0x00 R/W 



0x22 OFFSET_Z_H OFFSET_Z, Bits[15:8] 0x00 R/W 



0x23 OFFSET_Z_L OFFSET_Z, Bits[7:0] 0x00 R/W 



0x24 ACT_EN Reserved ACT_Z ACT_Y ACT_X 0x00 R/W 



0x25 ACT_THRESH_H ACT_THRESH, Bits[15:8] 0x00 R/W 
0x26 ACT_THRESH_L ACT_THRESH, Bits[7:0] 0x00 R/W 



0x27 ACT_COUNT ACT_COUNT 0x01 R/W 



0x28 Filter Reserved HPF_CORNER ODR_LPF 0x00 R/W 



0x29 FIFO_SAMPLES Reserved FIFO_SAMPLES 0x60 R/W 



0x2A INT_MAP ACT_EN2 OVR_EN2 FULL_EN2 RDY_EN2 ACT_EN1 OVR_EN1 FULL_EN1 RDY_EN1 0x00 R/W 



0x2B Sync Reserved EXT_CLK EXT_SYNC 0x00 R/W 



0x2C Range I2C_HS INT_POL Reserved Range 0x81 R/W 



0x2D POWER_CTL Reserved DRDY_OFF TEMP_OFF Standby 0x01 R/W 



0x2E SELF_TEST Reserved ST2 ST1 0x00 R/W 



0x2F Reset Reset 0x00 W 
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REGISTER DEFINITIONS 
This section describes the functions of the ADXL357 registers. The ADXL357 powers up with the default register values, as shown in the 
Reset column of Table 15.  



ANALOG DEVICES ID REGISTER 
This register contains the Analog Devices ID, 0xAD. 



Address: 0x00, Reset: 0xAD, Name: DEVID_AD 



Table 16. Bit Descriptions for DEVID_AD 
Bits Bit Name Settings Description Reset Access 
[7:0] DEVID_AD  Analog Devices ID 0xAD R 
 



ANALOG DEVICES MEMS ID REGISTER 
This register contains the Analog Devices MEMS ID, 0x1D. 



Address: 0x01, Reset: 0x1D, Name: DEVID_MST 



Table 17. Bit Descriptions for DEVID_MST 
Bits Bit Name Settings Description Reset Access 
[7:0] DEVID_MST  Analog Devices MEMS ID 0x1D R 
 



DEVICE ID REGISTER 
This register contains the device ID, 0xED (355 octal). 



Address: 0x02, Reset: 0xED, Name: PARTID 



Table 18. Bit Descriptions for PARTID 
Bits Bit Name Settings Description Reset Access 
[7:0] PARTID  Device ID (355 octal) 0xED R 
 



PRODUCT REVISION ID REGISTER 
This register contains the product revision ID, beginning with 0x00 and incrementing for each subsequent revision. 



Address: 0x03, Reset: 0x01, Name: REVID 



Table 19. Bit Descriptions for REVID 
Bits Bit Name Settings Description Reset Access 
[7:0] REVID  Mask revision 0x01 R 
 



STATUS REGISTER 
This register includes bits that describe the various conditions of the ADXL357. 



Address: 0x04, Reset: 0x00, Name: Status 



Table 20. Bit Descriptions for Status 
Bits Bit Name Settings Description Reset Access 
[7:5] Reserved  Reserved. 0x0 R 
4 NVM_BUSY  NVM controller is busy with either refresh, programming, or built in, self test (BIST). 0x0 R 
3 Activity  Activity, as defined in the ACT_THRESH_x and ACT_COUNT registers, is detected. 0x0 R 
2 FIFO_OVR  FIFO has overrun, and the oldest data is lost. 0x0 R 
1 FIFO_FULL  FIFO watermark is reached. 0x0 R 
0 DATA_RDY  A complete x-axis, y-axis, and z-axis measurement was made and results can be read. 0x0 R 
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FIFO ENTRIES REGISTER 
This register indicates the number of valid data samples present in the FIFO buffer. This number ranges from 0 to 96. 



Address: 0x05, Reset: 0x00, Name: FIFO_ENTRIES 



Table 21. Bit Descriptions for FIFO_ENTRIES 
Bits Bit Name Settings Description Reset Access 
7 Reserved  Reserved 0x0 R 
[6:0] FIFO_ENTRIES  Number of data samples stored in the FIFO 0x0 R 



 



TEMPERATURE DATA REGISTERS 
These two registers contain the uncalibrated temperature data. The nominal intercept is 1852 LSB at 25°C and the nominal slope is 
−9.05 LSB/°C. TEMP2 contains the four most significant bits, and TEMP1 contains the eight least significant bits of the 12-bit value. The 
ADXL357 temperature value is not double-buffered, meaning the value can update between reading of the two registers. 



Address: 0x06, Reset: 0x00, Name: TEMP2 



Table 22. Bit Descriptions for TEMP2 
Bits Bit Name Settings Description Reset Access 
[7:4] Reserved  Reserved.   
[3:0] Temperature, Bits[11:8]  Uncalibrated temperature data 0x0 R 



 



Address: 0x07, Reset: 0x00, Name: TEMP1 



Table 23. Bit Descriptions for TEMP1 
Bits Bit Name Settings Description Reset Access 
[7:0] Temperature, Bits[7:0]  Uncalibrated temperature data 0x0 R 



 



X-AXIS DATA REGISTERS 
These three registers contain the x-axis acceleration data. Data is left justified and formatted as twos complement. 



Address: 0x08, Reset: 0x00, Name: XDATA3 



Table 24. Bit Descriptions for XDATA3 
Bits Bit Name Settings Description Reset Access 
[7:0] XDATA, Bits[19:12]  X-axis data 0x0 R 



 



Address: 0x09, Reset: 0x00, Name: XDATA2 



Table 25. Bit Descriptions for XDATA2 
Bits Bit Name Settings Description Reset Access 
[7:0] XDATA, Bits[11:4]  X-axis data 0x0 R 



 



Address: 0x0A, Reset: 0x00, Name: XDATA1 



Table 26. Bit Descriptions for XDATA1 
Bits Bit Name Settings Description Reset Access 
[7:4] XDATA, Bits[3:0]  X-axis data 0x0 R 
[3:0] Reserved  Reserved 0x0 R 
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Y-AXIS DATA REGISTERS 
These three registers contain the y-axis acceleration data. Data is left justified and formatted as twos complement. 



Address: 0x0B, Reset: 0x00, Name: YDATA3 



Table 27. Bit Descriptions for YDATA3 
Bits Bit Name Settings Description Reset Access 
[7:0] YDATA, Bits[19:12]  Y-axis data 0x0 R 



 



Address: 0x0C, Reset: 0x00, Name: YDATA2 



Table 28. Bit Descriptions for YDATA2 
Bits Bit Name Settings Description Reset Access 
[7:0] YDATA, Bits[11:4]  Y-axis data 0x0 R 



 



Address: 0x0D, Reset: 0x00, Name: YDATA1 



Table 29. Bit Descriptions for YDATA1 
Bits Bit Name Settings Description Reset Access 
[7:4] YDATA, Bits[3:0]  Y-axis data 0x0 R 
[3:0] Reserved  Reserved 0x0 R 



 



Z-AXIS DATA REGISTERS 
These three registers contain the z-axis acceleration data. Data is left justified and formatted as twos complement. 



Address: 0x0E, Reset: 0x00, Name: ZDATA3 



Table 30. Bit Descriptions for ZDATA3 
Bits Bit Name Settings Description Reset Access 
[7:0] ZDATA, Bits[19:12]  Z-axis data 0x0 R 



 



Address: 0x0F, Reset: 0x00, Name: ZDATA2 



Table 31. Bit Descriptions for ZDATA2 
Bits Bit Name Settings Description Reset Access 
[7:0] ZDATA, Bits[11:4]  Z-axis data 0x0 R 



 



Address: 0x10, Reset: 0x00, Name: ZDATA1 



Table 32. Bit Descriptions for ZDATA1 
Bits Bit Name Settings Description Reset Access 
[7:4] ZDATA, Bits[3:0]  Z-axis data 0x0 R 
[3:0] Reserved  Reserved 0x0 R 
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FIFO ACCESS REGISTER 
Address: 0x11, Reset: 0x00, Name: FIFO_DATA 



Read this register to access data stored in the FIFO. 



Table 33. Bit Descriptions for FIFO_DATA 
Bits Bit Name Settings Description Reset Access 
[7:0] FIFO_DATA  FIFO data is formatted to 24 bits, 3 bytes, most significant byte first. A read to this 



address pops an effective three equal byte words of axis data from the FIFO. Two 
subsequent reads or a multibyte read completes the transaction of this data onto the 
interface. Continued reading or a sustained multibyte read of this field continues to 
pop the FIFO every third byte. Multibyte reads to this address do not increment the 
address pointer. If this address is read due to an auto-increment from the previous 
address, it does not pop the FIFO. Instead, it returns zeros and increments onto the 
next address.  



0x0 R 



 



X-AXIS OFFSET TRIM REGISTERS 
Address: 0x1E, Reset: 0x00, Name: OFFSET_X_H 



Table 34. Bit Descriptions for OFFSET_X_H 
Bits Bit Name Settings Description Reset Access 
[7:0] OFFSET_X, 



Bits[15:8] 
 Offset added to x-axis data after all other signal processing. Data is in twos complement 



format. The bit significance of OFFSET_X[15:0] matches the significance of XDATA[19:4]. 
0x0 R/W 



 



Address: 0x1F, Reset: 0x00, Name: OFFSET_X_L 



Table 35. Bit Descriptions for OFFSET_X_L 
Bits Bit Name Settings Description Reset Access 
[7:0] OFFSET_X, 



Bits[7:0] 
 Offset added to x-axis data after all other signal processing. Data is in twos complement 



format. The significance of OFFSET_X[15:0] matches the significance of XDATA[19:4]. 
0x0 R/W 



 



Y-AXIS OFFSET TRIM REGISTERS 
Address: 0x20, Reset: 0x00, Name: OFFSET_Y_H 



Table 36. Bit Descriptions for OFFSET_Y_H 
Bits Bit Name Settings Description Reset Access 
[7:0] OFFSET_Y, 



Bits[15:8] 
 Offset added to y-axis data after all other signal processing. Data is in twos complement 



format. The significance of OFFSET_Y[15:0] matches the significance of YDATA[19:4]. 
0x0 R/W 



 



Address: 0x21, Reset: 0x00, Name: OFFSET_Y_L 



Table 37. Bit Descriptions for OFFSET_Y_L 
Bits Bit Name Settings Description Reset Access 
[7:0] OFFSET_Y, 



Bits[7:0] 
 Offset added to y-axis data after all other signal processing. Data is in twos complement 



format. The significance of OFFSET_Y[15:0] matches the significance of YDATA[19:4]. 
0x0 R/W 
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Z-AXIS OFFSET TRIM REGISTERS 
Address: 0x22, Reset: 0x00, Name: OFFSET_Z_H 



Table 38. Bit Descriptions for OFFSET_Z_H 
Bits Bit Name Settings Description Reset Access 
[7:0] OFFSET_Z, 



Bits[15:8] 
 Offset added to z-axis data after all other signal processing. Data is in twos complement 



format. The significance of OFFSET_Z[15:0] matches the significance of ZDATA[19:4]. 
0x0 R/W 



 



Address: 0x23, Reset: 0x00, Name: OFFSET_Z_L 



Table 39. Bit Descriptions for OFFSET_Z_L 
Bits Bit Name Settings Description Reset Access 
[7:0] OFFSET_Z, 



Bits[7:0] 
 Offset added to z-axis data after all other signal processing. Data is in twos complement 



format. The significance of OFFSET_Z[15:0] matches the significance of ZDATA[19:4]. 
0x0 R/W 



 



ACTIVITY ENABLE REGISTER 
Address: 0x24, Reset: 0x00, Name: ACT_EN 



Table 40. Bit Descriptions for ACT_EN 
Bits Bit Name Settings Description Reset Access 
[7:3] Reserved  Reserved. 0x0 R 
2 ACT_Z  Z-axis data is a component of the activity detection algorithm. 0x0 R/W 
1 ACT_Y  Y-axis data is a component of the activity detection algorithm. 0x0 R/W 
0 ACT_X  X-axis data is a component of the activity detection algorithm. 0x0 R/W 



 



ACTIVITY THRESHOLD REGISTERS 
Address: 0x25, Reset: 0x00, Name: ACT_THRESH_H 



Table 41. Bit Descriptions for ACT_THRESH_H 
Bits Bit Name Settings Description Reset Access 
[7:0] ACT_THRESH[15:8]  Threshold for activity detection. Acceleration magnitude must be above 



ACT_THRESH to trigger the activity counter. ACT_THRESH is an unsigned 
magnitude. The significance of ACT_THRESH[15:0] matches the significance 
of XDATA[18:3], YDATA[18:3], and ZDATA[18:3]. 



0x0 R/W 



 



Address: 0x26, Reset: 0x00, Name: ACT_THRESH_L 



Table 42. Bit Descriptions for THRESH_ACT_X_L 
Bits Bit Name Settings Description Reset Access 
[7:0] ACT_THRESH[7:0]  Threshold for activity detection. The acceleration magnitude must be greater 



than the value in ACT_THRESH to trigger the activity counter. ACT_THRESH is 
an unsigned magnitude. The significance of ACT_THRESH[15:0] matches the 
bit significance of XDATA[18:3], YDATA[18:3], and ZDATA[18:3].  



0x0 R/W 



 



ACTIVITY COUNT REGISTER 
Address: 0x27, Reset: 0x01, Name: ACT_COUNT  



Table 43. Bit Descriptions for ACT_COUNT 
Bits Bit Name Settings Description Reset Access 
[7:0] ACT_COUNT  Number of consecutive events above threshold (from ACT_THRESH) required to 



detect activity 
0x1 R/W 
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FILTER SETTINGS REGISTER 
Address: 0x28, Reset: 0x00, Name: Filter 



Use this register to specify parameters for the internal high-pass and low-pass filters. 



Table 44. Bit Descriptions for Filter 
Bits Bit Name Settings Description Reset Access 
7 Reserved  Reserved 0x0 R 
[6:4] HPF_CORNER  −3 dB filter corner for the first-order, high-pass filter relative to the ODR 0x0 R/W 
  000 Not applicable, no high-pass filter enabled    
  001 247 × 10−3 × ODR   
  010 62.084 × 10−3 × ODR   
  011 15.545 × 10−3 × ODR   
  100 3.862 × 10−3 × ODR   
  101 0.954 × 10−3 × ODR   
  110 0.238 × 10−3 × ODR   
[3:0] ODR_LPF  ODR and low-pass filter corner 0x0 R/W 
  0000 4000 Hz and 1000 Hz    
  0001 2000 Hz and 500 Hz   
  0010 1000 Hz and 250 Hz   
  0011 500 Hz and 125 Hz   
  0100 250 Hz and 62.5 Hz   
  0101 125 Hz and 31.25 Hz   
  0110 62.5 Hz and 15.625 Hz   
  0111 31.25 Hz and 7.813 Hz   
  1000 15.625 Hz and 3.906 Hz   
  1001 7.813 Hz and 1.953 Hz   
  1010 3.906 Hz and 0.977 Hz   
 



FIFO SAMPLES REGISTER 
Address: 0x29, Reset: 0x60, Name: FIFO_SAMPLES 



Use the FIFO_SAMPLES value to specify the number of samples to store in the FIFO. The default value of this register is 0x60 to avoid 
triggering the FIFO watermark interrupt. 



Table 45. Bit Descriptions for FIFO_SAMPLES 
Bits Bit Name Settings Description Reset Access 
7 Reserved  Reserved. 0x0 R 
[6:0] FIFO_SAMPLES  Watermark number of samples stored in the FIFO that triggers a FIFO_FULL condition. 



Values range from 1 to 96. 
0x60 R/W 



 



INTERRUPT PIN (INTx) FUNCTION MAP REGISTER 
Address: 0x2A, Reset: 0x00, Name: INT_MAP 



The INT_MAP register configures the interrupt pins. Bits[7:0] select which functions generate an interrupt on the INT1 and INT2 pins. 
Multiple events can be configured. If the corresponding bit is set to 1, the function generates an interrupt on the interrupt pins. 



Table 46. Bit Descriptions for INT_MAP 
Bits Bit Name Settings Description Reset Access 
7 ACT_EN2  Activity interrupt enable on INT2 0x0 R/W 
6 OVR_EN2  FIFO_OVR interrupt enable on INT2 0x0 R/W 
5 FULL_EN2  FIFO_FULL interrupt enable on INT2 0x0 R/W 
4 RDY_EN2  DATA_RDY interrupt enable on INT2 0x0 R/W 
3 ACT_EN1  Activity interrupt enable on INT1 0x0 R/W 
2 OVR_EN1  FIFO_OVR interrupt enable on INT1 0x0 R/W 
1 FULL_EN1  FIFO_FULL interrupt enable on INT1 0x0 R/W 
0 RDY_EN1  DATA_RDY interrupt enable on INT1 0x0 R/W 
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DATA SYNCHRONIZATION 
Address: 0x2B, Reset: 0x00, Name: Sync 



Use this register to control the external timing triggers. 



Table 47. Bit Descriptions for Sync 
Bits Bit Name Settings Description Reset Access 
[7:3] Reserved  Reserved. 0x0 R 
2 EXT_CLK  Enable external clock. See Table 14. Multiplexing of INT2 and DRDY Table 14 for 



configuration details. 
0x0 R/W 



[1:0] EXT_SYNC  Enable external sync control. 0x0 R/W 
  00 Internal sync.   
  01 External sync, no interpolation filter. After synchronization, and for EXT_SYNC within 



specification, DATA_RDY occurs on EXT_SYNC. 
  



  10 External sync, interpolation filter, next available data indicated by DATA_RDY 14 to 
8204 oscillator cycles later (longer delay for higher ODR_LPF setting), data represents 
a sample point group delay earlier in time.  



  



  11 Reserved.   



 



I2C SPEED, INTERRUPT POLARITY, AND RANGE REGISTER 
Address: 0x2C, Reset: 0x81, Name: Range 



Table 48. Bit Descriptions for Range 
Bits Bit Name Settings Description Reset Access 
7 I2C_HS  I2C speed.  0x1 R/W 
  1 High speed mode.   
  0 Fast mode.   
6 INT_POL  Interrupt polarity. 0x0 R/W 
  0 INT1 and INT2 are active low.   
  1 INT1 and INT2 are active high.   
[5:2] Reserved  Reserved. 0x0 R 
[1:0] Range  Range. 0x1 R/W 
  01 ±10 g.   
  10 ±20 g.   
  11 ±40 g.   



 



POWER CONTROL REGISTER 
Address: 0x2D, Reset: 0x01, Name: POWER_CTL 



Table 49. Bit Descriptions for POWER_CTL 
Bits Bit Name Settings Description Reset Access 
[7:3] Reserved  Reserved. 0x0 R 
2 DRDY_OFF  Set to 1 to force the DRDY output to 0 in modes where it is normally signal data ready. 0x0 R/W 
1 TEMP_OFF  Set to 1 to disable temperature processing. Temperature processing is also disabled 



when standby = 1. 
0x0 R/W 



0 Standby  Standby or measurement mode. 0x1 R/W 
  1 Standby mode. In standby mode, the device is in a low power state, and the 



temperature and acceleration datapaths are not operating. In addition, digital 
functions, including FIFO pointers, reset. Changes to the configuration setting of the 
device must be made when standby = 1. An exception is a high-pass filter that can be 
changed when the device is operating. 



  



  0 Measurement mode.   



 



 











ADXL356/ADXL357 Data Sheet 
 



Rev. 0 | Page 40 of 42 



SELF TEST REGISTER 
Address: 0x2E, Reset: 0x00, Name: SELF_TEST 



Refer to the Self Test section for more information on the operation of the self test feature. 



Table 50. Bit Descriptions for SELF_TEST 
Bits Bit Name Settings Description Reset Access 
[7:2] Reserved  Reserved. 0x0 R 
1 ST2  Set to 1 to enable self test force 0x0 R/W 
0 ST1  Set to 1 to enable self test mode 0x0 R/W 



 



RESET REGISTER 
Address: 0x2F, Reset: 0x00, Name: Reset 



Table 51. Bit Descriptions for Reset 
Bits Bit Name Settings Description Reset Access 
[7:0] Reset  Write Code 0x52 to resets the device, similar to a power-on reset (POR) 0x0 W 
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PCB FOOTPRINT PATTERN 
Figure 76 shows the PCB footprint pattern and dimensions in millimeters. 



 
Figure 76. PCB Footprint Pattern and Dimensions in Millimeters 
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OUTLINE DIMENSIONS 



 
Figure 77. 14-Terminal Ceramic Leadless Chip Carrier [LCC] 



(E-14-1) 
Dimensions shown in millimeters 



ORDERING GUIDE 



Model1 
Output  
Mode 



Measurement  
Range (g) 



Specified  
Voltage (V) Temperature Range Package Description 



Package  
Option 



ADXL356BEZ Analog ±10, ±20 3.3 −40°C to +125°C 14-Terminal LCC E-14-1 
ADXL356BEZ-RL Analog ±10, ±20 3.3 −40°C to +125°C 14-Terminal LCC, 13” Reel E-14-1 
ADXL356BEZ-RL7 Analog ±10, ±20 3.3 −40°C to +125°C 14-Terminal LCC, 7” Reel E-14-1 
ADXL356CEZ Analog ±10, ±40 3.3 −40°C to +125°C 14-Terminal LCC E-14-1 
ADXL356CEZ-RL Analog ±10, ±40 3.3 −40°C to +125°C 14-Terminal LCC, 13” Reel E-14-1 
ADXL356CEZ-RL7 Analog ±10, ±40 3.3 −40°C to +125°C 14-Terminal LCC, 7” Reel E-14-1 
ADXL357BEZ Digital ±10.24, ±20.48, ±40.96 3.3 −40°C to +125°C 14-Terminal LCC E-14-1 
ADXL357BEZ-RL Digital ±10.24, ±20.48, ±40.96 3.3 −40°C to +125°C 14-Terminal LCC E-14-1 
ADXL357BEZ-RL7 Digital ±10.24, ±20.48, ±40.96 3.3 −40°C to +125°C 14-Terminal LCC E-14-1 
EVAL-ADXL356BZ     Evaluation Board for 



ADXL356B 
 



EVAL-ADXL356CZ     Evaluation Board for 
ADXL356C 



 



EVAL-ADXL357Z     Evaluation Board for ADXL357  
 
1 Z = RoHS Compliant Part. 
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			Power Control Register


			Address: 0x2D, Reset: 0x01, Name: POWER_CTL





			Self Test Register


			Address: 0x2E, Reset: 0x00, Name: SELF_TEST





			Reset Register


			Address: 0x2F, Reset: 0x00, Name: Reset
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A 10 bar to 2200bar pressure ranges
A Less than 25mm long
A Choice of outputs



For OEMs that need consistent high levels of performance, reliability and stability
the 3100 Series sputtered thin film units offer unbeatable price performance ratio 
in a small package size with all stainless steel wetted parts in the volumes required.
A wide choice of electrical outputs as well as both electrical and pressure connections
means the unit is suitable for most applications without modification. The compact
construction of the 3100 series makes it ideal for installation where space is at 
a premium.



Specifications
Input



Pressure Range 0 to 10bar  to  0 to 2200bar G (100 to 30,000psi)
Proof Pressure 2 x FS (Ranges 1600 & 2200bar 1.5x)
Burst Pressure Ranges ≤400bar 10 x minimum 600 & 1000b 4 x, 1600 & 2200



1.8x
Fatigue Life Designed for more than 100,000,000 cycles



Performance
Long Term Drift 0.1% FS/year non cumulative 
Accuracy ±0.25% FS (Temp O/P ± 2.5%FS)
Thermal Error ±1% typical/100°C
Compensated Temperature -40° to 120°C (-40° to 250°F)
Operable -40° to 125°C (-40° to 250°F)
Zero Tolerance ±0.5% of span
Span Tolerance ±0.5% of span



Mechanical Construction
Pressure Port See ordering chart 
Wetted Parts 17-4 PH Stainless Steel
Electrical Connection See ordering chart



Enclosure IP65 for electrical code B (with connector fitted)
IP67 for electrical codes E, 6, 7, 8 and 9



Vibration 20G, 10-2000Hg sinusuidal
Shock Withstands free fall to IEC 68-2-32 procedure 1
Approvals CE
Weight 35 gms



Individual Specifications
Voltage Output Units



Output See ordering chart (current 4.5mA)
Supply Voltage 2 Volts above Full Scale, to max 30 Volts



Current Output Units
Output 4-20mA
Supply Voltage 10 to 30Vdc (24Vdc max for 110° and above)
Max. Loop Resistance (Vs-10) x 50 ohms



Ratiometric Output Units
Output 0.5 to 4.5Vdc (3.5mA max)
Supply Voltage 5Vdc, ± 10%



AMP Superseal 1.5 



DIN 43650C Industrial



DIN 72585 Bayonet



M12 Ranges 



Deutsch DTD4-4P
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3100 Series Compact High Pressure OEM Pressure Transmitter



Electrical Connectors



Packard Metri-pack



Code 01 
G 1/4 EXT



Code 04 
7/16”-20 UNF
with 37° Flare



Code 1J 
7/16”-20 UNF



O-Ring



Code 02 
1/4”-18 NPT



Code 08 
1/8”-27 NPT



Code 05 
G 1/4”A



Integral Face Seal



Code 2T 
M12x1.5 HP



[metal washer seal]



Code IG 
7/16”Schraeder



12.5 11 14
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MECHANICAL FITTINGS



16.5



16.5



9.5



7



Hex is 22mm [.866] Across Flats (A/F) for deep
socket mounting.



Other thread forms available. Consult factory.



NOTE: Dimensions in mm
12.5 10



7



Code 0L 
M12 x 15
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How to Order



Electrical Connection
6 - AMP Superseal 1.5 Series
7 - DIN 72585 Bayonet 
8 - Deutsch Series DT-04
9 - Packard Metripak
B - Industrial DIN
E - M12x 1



For mating electrical connectors and
cables see page 67.



Note 1 Pressure and temperature output available with voltage output 
and electrical connectors B, E, 7 and 8 only



Note 2 Ranges 1000 bar and above available with 2T pressure port only.



Indicators and Accessories Pages 64-69



Use the Bold characters from the chart below to construct a product code



Series 310X X XXXXX XX X 000
Variants to Standard Types



00 - Pressure output
01 - Pressure and temperature output (see Note 1)



Output
B - 4-20mA C - 1-6V
H - 1-5V N - 0.5 to 4.5V Non Ratiometric R - 0-5 V
S - 0-10V T - 0.5 to 4.5 Ratiometric



Pressure Range
0010G – 10barG 0100S – 100barS 1000S – 1000barS )  
0016G – 16barG 0160S – 160barS 1600S – 1600barS ) (see Note 2)
0025G – 25barG 0250S – 250barS 2200S – 2200 barS )
0040G – 40barG 0400S – 400barS
0060G – 60barG 0600S – 600barS



Integral Pressure Connection
01 - G1/4 External
02 - 1/4- 18 NPT External
04 - 7/16-20 UNF External
05 - G1/4 External Soft Seal
08 - 1/8 NPT External
0L - M12 x 1.5 - 6g (600b and below)
1G - Schraeder Deflator (Short)
1J - 7/16 - 20 UNF External ‘0’ Ring Seal
2T - M12 x 1.5-6g (1000b and above)



ELECTRICAL CONNECTOR



Code B 
DIN43650C Industrial



Code E 
M12 x 1P



Code 8 
Deutsch DT04-4P



Code 7 
DIN72585A1-4, 1



Code 9 
Packard MetriPack



Code 6 
Amp Superseal 1.5
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POLARIZING



WIDE CONTACT
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2 1 C



A



B



1         2         3



KEY
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9.7



1.9



19.3 18.3



38.1



20.83



M12 x 1P 23.5



32.2
37 37



25.9



Note: The diameter of all cans is 19mm [.748]



Function
Pin # Current Voltage



Press O/P
1 N/A



+VE
2 +VE Supply +VE



Temp O/P 3 N/A
+VE



4 -VE Common



Function
Pin # Current Voltage



1 +VE Supply +VE



Press O/P
2 N/A +VE



3 -VE Common



Temp O/P
4 N/A +VE



Function
Pin # Current Voltage



1 -VE Common



2 +VE Supply +VE



Temp O/P
3 N/A



+VE
Press O/P



4 N/A
+VE



Function
Pin # Current Voltage



1 +VE Supply +VE



2 -VE Common



Press O/P
3 N/A



+VE
Temp O/P



4 N/A
+VE



Function
Pin # Current Voltage



A -VE Common



B +VE Supply +VE



Press O/P
C N/A



+VE



Function
Pin # Current Voltage



Press O/P
1 N/A



+VE
2 -VE Common



3 +VE Supply +VE
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Irrtümer und Änderungen vorbehalten
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Dx35



Distance Sensor Dx35



Quickstart
In addition to the Quickstart, detailed operating instructions exist, 
which include the IO-link settings, too. These are available for down-
load from “www.mysick.com/en/dx35”.



LASER APERTURE



MAX. OUTPUT ≤ 250mW
PULSE LENGHT = 4ns



WAVELENGHT = 658nm



EN/IEC 60825-1:2014
Complies with 21 CFR
1040.10 and 1040.11
except for deviations



pursuant to laser notice
No. 50, dated June 24, 2007



LASER
     2 



DT35-B15251
DS35-B15221



LASER APERTURE



EN/IEC 60825-1:2014
Complies with 21 CFR
1040.10 and 1040.11
except for deviations



pursuant to laser notice
No. 50, dated June 24, 2007



LASER
     1 



DT35-B15551
DS35-B15521
DL35-B15552
DR35-B15522
DT35-B15851
DS35-B15821
DL35-B15852
DR35-B15822



Safety notes
 •CAUTION: Use of controls or adjustments or performance of pro-
cedures other than those specified herein may result in hazardous 
radiation exposure.
 •Do not stare into the laser beam.
 •Before performing any work with the distance sensor, read the 
Quickstart and the operating instructions.
 •Connection, mounting and setting must be performed by qualified 
personnel.
 •Lines must only be established and disconnected with the supply 
voltage switched off.
 •No safety component pursuant to EU machinery directive.



Intended use
The distance sensor Dx35 is an opto-electronic sensor for non-con-
tact distance measurement of objects.



Notes
 •If no key is operated for 5 minutes, the teach mode is left auto-
matically.
 •Settings in teach mode are stored immediately after pushing the 
set key.
 •Do not operate keys with sharp objects.
 •If teaching is successful, the corresponding LED flashes twice. If 
teaching is not successful, both status LEDs flash alternatingly.



Commissioning
Mounting and connection
! Mount distance sensor using the intended mounting holes (see 



fig. A).
" Perform electrical connection. Plug on cable without any voltage 



applied and tighten (see fig. B).
§ Switch on supply voltage. The green run LED must be lit.



Perform teach H1
! Align distance sensor: DT/DS to the object and DL/DR to the 



reflector (see fig. C). For IR-versions, activate alignment aid and 
align sensor with reflective foil (see fig. D).



" Teach depending on application case.
 — One point teach F1 (inverted F2)
 — Window teach F4 (inverted F5)
 — ObSB or background teach (detect all objects other than the 



background, even extremely shiny or dark ones) F3
 — DT35/DL35 and activated analog output: scale analog  



output E



Perform fine teach H1
! After successfully teaching, push the keys select and set 



simultaneously. If no key is operated for 30 seconds, the fine 
teach mode is left automatically.



" Every operation of the key will shift the switching/analog point by 
+10 mm (select) or –10 mm (set).



Set speed H1
Press the key set repeatedly until the desired speed is selected.
Change functionality in the expert mode H2



 •Function MF-input: External teach (see fig. G), laser off, inactive
 •Level MF-input: High active, low active
 •Output behavior Q2: 4 … 20 mA, 0 … 10 V, switching



Factory setting
Keep the key select pushed while applying supply voltage until all 
teach-in LEDs flash.



Maintenance
SICK sensors are maintenance-free. We recommend to regularly



 •clean the external lens surfaces
 •check screw and plug connections at regular intervals.



A



B



DEUTSCH
Distanzsensor Dx35



Quickstart
Zusätzlich zum Quickstart gibt es die ausführliche Betriebsanleitung, 
die auch die Einstellmöglichkeit mittels IO-Link umfasst. Diese kön-
nen Sie unter „www.mysick.com/de/dx35“ herunterladen.



LASERGERÄT



MAX. LEISTUNG ≤ 250mW
PULSDAUER = 4ns



WELLENLÄNGE = 658nm



EN/IEC 60825-1:2014



LASER
     2 



Entspricht 21 CFR
1040.10 und 1040.11 mit



Ausnahme von Abweichungen
nach Laser-Hinweis



Nr. 50, 24. Juni, 2007



DT35-B15251
DS35-B15221



LASERGERÄT



EN/IEC 60825-1:2014



LASER
     1 



Entspricht 21 CFR
1040.10 und 1040.11 mit



Ausnahme von Abweichungen
nach Laser-Hinweis



Nr. 50, 24. Juni, 2007



DT35-B15551
DS35-B15521
DL35-B15552
DR35-B15522
DT35-B15851
DS35-B15821
DL35-B15852
DR35-B15822



Sicherheitshinweise
 •Nicht in den Laserstrahl blicken.
 •Vor allen Arbeiten mit dem Distanzsensor das Quickstart und die 
Betriebsanleitung lesen.
 •Anschluss, Montage und Einstellung nur durch Fachpersonal.
 •Leitungen nur im spannungslosen Zustand verbinden und tren-
nen.
 •Kein Sicherheitsbauteil gemäß EU-Maschinenrichtlinie.



Bestimmungsgemäße Verwendung
Der Distanzsensor Dx35 ist ein optoelektronischer Sensor zur opti-
schen, berührungslosen Distanzbestimmung von Objekten.



Hinweise
 •Nach 5 Minuten ohne Tastenbedienung wird der Teach-Modus au-
tomatisch verlassen.
 •Einstellungen im Teach-Modus werden sofort durch Drücken der 
set-Taste übernommen.
 •Tasten nicht mit spitzem Gegenstand bedienen.
 •Bei erfolgreichem Teach blinkt die entsprechende LED zweimal. 
Bei fehlgeschlagenem Teach blinken beide Status LEDs wechsel-
seitig.



Inbetriebnahme
Montage und Anschluss
! Distanzsensor über die vorgesehenen Befestigungsbohrungen 



montieren (siehe Abb. A).
" Elektrischen Anschluss durchführen. Leitung spannungsfrei auf-



stecken und festschrauben (siehe Abb. B)
§ Versorgungsspannung einschalten. Die grüne run LED muss 



leuchten.



Teach durchführen H1
! Distanzsensor ausrichten: DT/DS auf Objekt und DL/DR auf Re-



flektor (siehe Abb. C). Bei IR-Varianten Ausrichthilfe aktivieren 
und Sensor mit Hilfe Reflexfolie ausrichten (siehe Abb. D).



" Je nach Anwendungsfall Teach durchführen.
 — Einpunkt-Teach F1 (invertiert F2)
 — Fenster-Teach F4 (invertiert F5)
 — ObSB bzw. Hintergrund einlernen (Detektion aller vom Hinter-



grund abweichenden Objekte von spiegelnd bis tiefst schwarz) 
F3



 — Bei DT35/DL35 und aktivem Analogausgang: Analogausgang 
skalieren E



Fein-Teach durchführen H1
! Direkt nach erfolgreichem Teach die Tasten select und set gleich-



zeitig drücken. Nach 30 Sekunden ohne Tastenbetätigung wird 
der Fein-Teach automatisch verlassen.



" Mit jedem Tastendruck wird der Schalt-/Analogpunkt um +10 mm 
(select) oder –10 mm (set) verschoben.



Geschwindigkeit einstellen H1
Set-Taste drücken bis die gewünschte Geschwindigkeit gewählt ist.
Funktionen im Expert-Modus einstellen H2



 •Funktion MF-Eingang: Ext. Teach (siehe Abb. E), Laser aus, inaktiv
 •Pegel MF-Eingang: High aktiv, Low aktiv
 •Ausgangsverhalten Q2: 4 … 20 mA, 0 … 10 V, schaltend



Werkseinstellung
Taste select während des Anlegens der Versorgungsspannung 
gedrückt halten bis alle Teach-in LEDs blinken.



Wartung
SICK-Sensoren sind wartungsfrei. Wir empfehlen, in regelmäßigen 
Abständen



 •die optischen Grenzflächen zu reinigen
 •Verschraubungen und Steckverbindungen zu überprüfen.
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Teach-range
Δmin: 50 mm



Teach-range
Δmin: 50 mm



Teach Function Time [ms] Teach Function Time [ms]
SHIFT_LAST_TEACH+10mm 60 TEACH_Q2not_DTO 1100



SHIFT_LAST_TEACH-10mm 120 TEACH_Q2_NEAR 1200



LASER_SWITCH_OFF 200 TEACH_Q2_FAR 1300



LASER_SWITCH_ON 300 TEACH_Q2_OBSB 1400



TEACH_Q1_DTO 400 TEACH_Q2_WND_CENTERING 1500



TEACH_Q1not_DTO 500 TEACH_QA_4MA 1600



TEACH_Q1_NEAR 600 TEACH_QA_20MA 1700



TEACH_Q1_FAR 700 TEACH_QA_0V 1800



TEACH_Q1_OBSB 800 TEACH_QA_10V 1900



TEACH_Q1_WND_CENTERING 900 TEACH_QA_CENTERING 2000



TEACH_Q2_DTO 1000 LASER_OFF > 3000



NFPA79 applications only.
Adapters providing field
wiring leads are available.
Refer to the product information.



      



Normal operation



select > 5 s



Q1 near



Q2 near
Q2 far



ObSB



fastslow



Q2 ObSB



select



set



set



select select Fine teach



set



select



Q1 Q2



Q1 near
Q1 far
Q2 near
Q2 far



ObSB



select set



run



ObSB



fastslow



Function



MF input function



set



Laser off



Inactive



> 10 sselect set



+
+



—



Q1 far
set



Q1 near
Q1 far
Q2 near



ObSB



Q1 ObSB
set



Q1 near
Q1 far
Q2 near



ObSB



Q1 Q2



Q1 near
Q1 far ObSB



run
Speed LED



Teach mode
settings



Function
adjustment range



Teach-in distance of
switching point “near“ for Q1
DT/DS: 50 … 50000 mm
DL/DR: 200 … 50000 mm
Default: DT/DS: 10000 mm
DL/DR: 35000 mm
F1, F4, F5 



Q2 far
Q2 near
Q2 far



ObSB



fastslow



set



set



Expert mode
settings



+



Teach-in distance of
switching point “far“ for Q1
DT/DS: 50 … 50000 mm
DL/DR: 200 … 50000 mm
Default: –
F2, F4, F5 



Teach-in ObSB (Object between
Sensor and Background) or 
background for Q1
DT/DS: 50 … 50000 mm
DL/DR: 200 … 50000 mm
Default: –
F3 



Teach-in distance of analog E 
or switching point F1, F4, F5 
“near“ for Q2 **
DT/DS: 50 … 50000 mm
DL/DR: 200 … 50000 mm
Default: DT: 50 mm, DL: 200 mm, 
DS: 10000 mm, DR: 35000 mm



Teach-in distance of analog E 
or switching point F2, F4, F5 
“far“ for Q2 **
DT/DS: 50 … 50000 mm
DL/DR: 200 … 50000 mm
Default:  DT: 10000 mm,
DL: 35000 mm, DS/DR: –



Teach-in ObSB (Object between
Sensor and Background) or
background for Q2 ***
DT/DS: 50 … 50000 mm
DL/DR: 200 … 50000 mm
Default: –
F3 



In case of a new teach process all required switching/analog points of the specific output have to be taught in.  



Every operation of the key 
will shift the switching/
analog point by +10 mm.



Every operation of the key 
will shift the switching/
analog point by –10 mm.



set
Q2 far



ObSB



fastslow



Speed



select



(after successfull teach) LED of the teach 
point to be 
shifted flashes.



For DT35/DL35: Q2 function can be selected (4 ... 20 mA/0 ... 10 V/switching). For DS35/DR35: Q2 function switching only



Set speed



Super Slow  1 x Slow  2 x Medium  3 x Fast  4 x Super Fast  5 x



Ext. teach
(Default) 1 x



2 x



3 x



Switching



Q1 Q2



Q1 near
Q1 far
Q2 near
Q2 far



ObSB



run



ObSB



fastslow
0 … 10 V



Output behavior Q2 Speed LED
4 … 20 mA
(Default) 1 x



2 x



3 x



set



select



select



Q2 near
Q2 near
Q2 far



ObSB



fastslow



For DT35/DL35: ObSB for Q2 available with active switching function only



**



***



select



select



select



select



*



set



*



Q1 Q2



Q1 near
Q1 far
Q2 near
Q2 far



ObSB



run



ObSB



fastslow



High active
(Default)



Speed LED



Low active 1 x



2 x



set



Q1 Q2



Q1 near
Q1 far
Q2 near
Q2 far



ObSB



run



ObSB



fastslow



MF level



select



Default: DT/DS: Slow, DL/DR: Fast



H1 H2  
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1. Teach-in point



2. Teach-in point
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Dx
35



Min Max1
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 ± 25 mm around teach point



§ ObSB or
background



Output behavior



Dx
35



Min Max1



1



0



! Only near



near and far
near < far



near and far
near > far



Minimum distance near – far: 50 mm
Hysteresis: 25 mm 



Switching 
point



Hysteresis



F



en de fr es pt DT35-B15251 DT35-B15551 DS35-B15221 DS35-B15521 DS35-B15821 DT35-B15851 DL35-B15552 DL35-B15852 DR35-B15522 DR35-B15822
Measuring range Messbereich Plage de mesure Rango de medición Margem de medição 50 ... 12000 mm (90 % remission) / 50 ... 5300 mm (18 % remission) / 50 ... 3100 mm (6 % remission) 1), 2) 200 ... 35000 mm (Diamond Grade)
Resolution/-analog output Auflösung/-Analogausgang Résolution/Sortie analogique Resolución/Salida analógica Resolução/Saída analógica 0.1 mm/12 Bit 0.1 mm/– 0.1 mm/12 Bit 0.1 mm/–
Repeatability (1 σ) Reproduzierbarkeit (1 σ) Reproductibilité (1 σ) Reproducibilidad (1 σ) Reprodutibilidade (1 σ) 0.5 … 5 mm
Accuracy Genauigkeit Précision Precisión Precisão Typically ± 10 mm Typically ± 15 mm
Output rate 2) Ausgaberate 2) Débit de sortie 2) Velocidad de salida 2) Taxa de saída 2) 1 … 32 ms 2 … 64 ms 1 … 32 ms 2 … 64 ms 1 … 32 ms
Response time 2) Ansprechzeit 2) Temps de réponse 2) Tiempo de respuesta 2) Tempo de reação 2) 2.5 …96.5 ms 4.5 …192.5 ms 2.5 …96.5 ms 4.5 …192.5 ms 2.5 …96.5 ms
Switching frequency 2) Schaltfrequenz 2) Fréquence de commutation 2) Frecuencia de conmutación 2) Frequência de comutação 2) 333 … 6 Hz 166 … 3 Hz 333 … 6 Hz 166 … 3 Hz 333 … 6 Hz
Light source Lichtsender Emetteur de lumière laser Láser emisor de luz Emissor de luz laser Laser, red Laser, infrared Laser, red Laser, infrared Laser, red Laser, infrared
Laser protection class Laserklasse Classe de protection laser Clase de láser Classe de proteção laser 2 (EN 60825-1) 1 (EN 60825-1) 2 (EN 60825-1) 1 (EN 60825-1) 1 (EN 60825-1)
Typ. light spot size Typ. Lichtfleckabmessung Taille du faisceau typique Dimension. del punto luminoso 



tip.
Dimensões de ponto luminoso 
típ.



15 mm x 15 mm (2 m)



Analog output Analogausgang Sortie analogique Salida analógica Saída analógica 1 x 4 mA … 20 mA (≤ 450 Ω)/ 
1 x 0 V … 10 V (≥ 50 kΩ)/– 3)



– 1 x 4 mA … 20 mA (≤ 450 Ω)/ 
1 x 0 V … 10 V (≥ 50 kΩ)/– 3)



–



Switching output  
(max. output current) 4), 5)



Schaltausgang  
(max. Ausgangsstrom)) 4), 5)



Sortie de commutation  
(courant de sortie maxi.) 4), 5)



Salida de conmutación  
(corriente de salida máx.) 4), 5)



Saída analógica  
(corrente de saída máx.) 4), 5)



1 x/1 x/2 x Push-Pull:  
PNP/NPN (100 mA), IO-Link 3)



2 x Push-Pull:  
PNP/NPN (100 mA), IO-Link



1 x/1 x/2 x Push-Pull:  
PNP/NPN (100 mA), IO-Link 3)



2 x Push-Pull:  
PNP/NPN (100 mA), IO-Link



Supply voltage VS
 Versorgungsspannung UV Tension d'alimentation UV



 Tensión de alimentación UV Tensão de alimentação UV 12 … 30 V DC (For use of analog voltage output Vs = 13 … 30 V DC; For use of IO-Link Vs = 18 … 30 V DC; Limit value, reverse-polarity, operation in short-circuit protected network, max. 8 A)
Power consumption Leistungsaufnahme Puissance absorbée) Consumo de potencia Potência absorvida ≤ 1.7 W (At 20 °C without load)
Initialization time Initialisierungszeit Temps d'initialisation Tiempo de inicialización Tempo de inicialização ≤ 500 ms
Warm-up time Aufwärmzeit Temps de préchauffage Tiempo de calentamiento Tempo de aquecimento ≤ 20 min
Enclosure rating Schutzart Type de protection Tipo de protección Tipo de proteção IP 65, IP 67
Ambient operating  
temperature



Betriebsumgebungstemperatur Température ambiante Temperat. ambiente de 
servicio



Temperat. ambiente de 
operação



–30 … +55 °C (For VS ≤ 24 V)



1) For speed setting „Super Slow“
2) Depending on the set speed  



„Super Fast“ … „Super Slow“
3) Q2 Function selectable
4) Output Q short-circuit protected
5) Voltage drop < 3 V



1) Bei Geschwindigkeitseinstellung  
„Super Slow“



2) Abhängig von der eingestellten 
Geschwindigkeit  
„Super Fast“ … „Super Slow“



3) Q2-Funktion wählbar
4) Ausgang Q kurzschlussgeschützt
5) Spannungsabfall < 3 V



1) En réglage de vitesse « Super Slow »
2) Selon la vitesse réglée  



« Super Fast » … « SuperSlow »
3) Fonction Q2 sélectionnable
4) Sortie Q protégée contre les courts-



circuits
5) Chute de tension < 3 V



1) Al ajuste de velocidad „Super Slow“ 
2) Dependiendo de la velocidad de 



montaje „Super Fast“ ... „Super Slow“
3) Función Q2 seleccionable
4) Salida Q protegida contra cortocircuito
5) Caída de tensión < 3 V



1) Em caso de configuração de segurança 
„Super Slow“



2) Depende da configuração de segurança  
„Super Fast“... „Super Slow“



3) Função Q2 selecionável
4) Saída Q protegida contra curto-circuito
5) Queda de tensão < 3 V



it ru zh ja DT35-B15251 DT35-B15551 DS35-B15221 DS35-B15521 DS35-B15821 DT35-B15851 DL35-B15552 DL35-B15852 DR35-B15522 DR35-B15822
Campo di misurazione Диапазон измерений 测量范围 測定レンジ 50 ... 12000 mm (90 % remission) / 50 ... 5300 mm (18 % remission) / 50 ... 3100 mm (6 % remission) 1), 2) 200 ... 35000 mm (Diamond Grade)
Risoluzione/uscita analogica Разрешение/аналоговый 



выход
分辨率/模拟输出 分解能／アナログ出力 0.1 mm/12 Bit 0.1 mm/– 0.1 mm/12 Bit 0.1 mm/–



Riproducibilità (1 σ) Воспроизводимость (1 σ) 可重复性 (1 σ) 再現性 (1 σ) 0.5 … 5 mm
Precisione Точность 精确性 精度 Typically ± 10 mm) Typically ± 15 mm
Tasso di emissione 2) Интенсивность на выходе 2) 输出率 2) 出力レート 2) 1 … 32 ms 2 … 64 ms 1 … 32 ms 2 … 64 ms 1 … 32 ms
Tempo di reazione 2) Время реагирования 2) 启动时间 2) 応答時間 2) 2.5 …96.5 ms 4.5 …192.5 ms 2.5 …96.5 ms 4.5 …192.5 ms 2.5 …96.5 ms
Frequenza di attivazione 2) Частота коммутации 2) 转换频率 2) スイッチング周波数 2) 333 … 6 Hz 167 … 3 Hz 333 … 6 Hz 167 … 3 Hz 333 … 6 Hz
Trasmettitore di luce laser Источник света лазера 激光发射器 レーザー投光器 Laser, red Laser, infrared Laser, red Laser, infrared Laser, red Laser, infrared
Classe laser Защитный класс лазера 激光保护级别 レーザー　安全クラス 2 (EN 60825-1) 1 (EN 60825-1) 2 (EN 60825-1) 1 (EN 60825-1) 1 (EN 60825-1)
Misura punto luminoso tip. Тип. размеры светового 



пятна
标准光斑尺寸 スポットサイズ（代表値） 15 mm x 15 mm (2 m)



Uscita analogica Аналоговый выход 模拟输出 アナログ出力 1 x 4 mA … 20 mA (≤ 450 Ω)/ 
1 x 0 V … 10 V (≥ 50 kΩ)/– 3)



– 1 x 4 mA … 20 mA (≤ 450 Ω)/ 
1 x 0 V … 10 V (≥ 50 kΩ)/– 3)



–



Uscita di commutazione  
(corrente di uscita max.) 4), 5)



Коммутационный выход  
(макс. выходной ток) 4), 5)



开关输出 (最大输出电流) 4), 5) スイッチング出力 
(最大出力電流) 4), 5)



1 x/1 x/2 x Push-Pull:  
PNP/NPN (100 mA), IO-Link 3)



2 x Push-Pull:  
PNP/NPN (100 mA), IO-Link



1 x/1 x/2 x Push-Pull:  
PNP/NPN (100 mA), IO-Link 3)



2 x Push-Pull:  
PNP/NPN (100 mA), IO-Link



Tensione di alimentazione UV Напряжение питания UV 电源电压 UV
電源電圧 VS 12 … 30 V DC (For use of analog voltage output Vs = 13 … 30 V DC; For use of IO-Link Vs = 18 … 30 V DC; Limit value, reverse-polarity, operation in short-circuit protected network, max. 8 A)



Potenza assorbita Потребляемая мощность 功率消耗 消費電力 ≤ 1.7 W (At 20 °C without load)
Tempo di inizializzazione Время инициализации 初始化时间 初期化時間 ≤ 500 ms
Tempo di riscaldamento Время разогрева 预热时间 安定化時間 ≤ 20 min
Tipo di protezione Вид защиты 防护等级 IP 保護等級 IP 65, IP 67
Temperatura ambiente 
d'esercizio



Температура окружающей 
среды



工作环境温度 動作時の周囲温度 –30 … +55 °C (For VS ≤ 24 V)



1) Con un‘impostazione della velocità 
„Super Slow“



2) A seconda della velocità impostata 
„Super Fast“ … „Super Slow“



3) Possibilità di selezione della funzione 
Q2



4) Uscita Q con protezione da cortocircuiti
5) Calo di tensione < 3 V



1) При настройке скорости «Super Slow»
2) В зависимости от настроек скорости  



«Super Fast» … «Super Slow»
3) Функция Q2 может быть выбрана
4) Выход Q защищен от короткого 



замыкания
5) Падение напряжения < 3 В



1) 设定速度“Super Slow”时
2) 取决于设定的速度 



“Super Fast”… “Super Slow”
3) 可以选择 Q2 功能
4) 防止输出端 Q 短路
5) 电压降 < 3 V



1) 設定速度が「Super Slow」のとき
2) 設定速度「Super Fast」～「Super Slow」 



の別に応じて異なります
3) Q2機能が選択可能です
4) 出力Qは、短絡保護されています
5) 電圧ドロップは、3 V未満です
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Australia
Phone +61 3 9457 0600
Belgium/Luxembourg
Phone +32 (0)2 466 55 66
Brasil
Phone +55 11 3215-4900
Canada
Phone +1 905 771 14 44
Česká republika
Phone +420 2 57 91 18 50
China
Phone +86 4000 121 000
 +852-2153 6300
Danmark
Phone +45 45 82 64 00
Deutschland
Phone +49 211 5301-301
España
Phone +34 93 480 31 00
France
Phone +33 1 64 62 35 00
Great Britain
Phone +44 (0)1727 831121
India
Phone +91–22–4033 8333
Israel
Phone +972-4-6801000
Italia
Phone +39 02 27 43 41
Japan
Phone +81 (0)3 5309 2112
Magyarország
Phone +36 1 371 2680
Nederland
Phone +31 (0)30 229 25 44



Österreich
Phone +43 (0)22 36 62 28 8-0
Norge
Phone +47 67 81 50 00
Polska
Phone +48 22 837 40 50
România
Phone +40 356 171 120 
Russia
Phone +7-495-775-05-30
Schweiz
Phone +41 41 619 29 39
Singapore
Phone +65 6744 3732
Slovenija
Phone +386 (0)1-47 69 990
South Africa
Phone +27 11 472 3733
South Korea
Phone +82 2 786 6321/4
Suomi
Phone +358-9-25 15 800
Sverige
Phone +46 10 110 10 00
Taiwan
Phone +886-2-2375-6288
Türkiye
Phone +90 (216) 528 50 00 
United Arab Emirates
Phone +971 (0) 4 8865 878
USA/México
Phone +1(952) 941-6780
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Please find detailed addresses and additional representatives and agencies in 
all major industrial nations at www.sick.com





http://www.mysick.com/en/dx35


http://www.mysick.com/de/dx35








Capteur de distance Dx35



Quickstart
Le Quickstart est complété par un manuel de fonctionnement précis 
englobant également les réglages avec IO-Link. Vous pouvez le 
télécharger sous « www.mysick.com/en/dx35 ».



APPAREIL LASER



PUISSANCE MAXI. ≤ 250mW
DUREE D'IMPULSION = 4ns



LONGUEUR D'ONDE = 658nm



EN/IEC 60825-1:2014



LASER
     2 



Soit 21 CFR
1040.10 et 1040.11



à l'exception de différences 
sur les indications du Laser 



Nr. 50, 24. Juni, 2007



DT35-B15251
DS35-B15221



APPAREIL LASER



EN/IEC 60825-1:2014



LASER
     1 



Soit 21 CFR
1040.10 et 1040.11 à 



l'exception de différences 
sur les indications du Laser 



N° 50, 24 juin 2007



DT35-B15551
DS35-B15521
DL35-B15552
DR35-B15522
DT35-B15851
DS35-B15821
DL35-B15852
DR35-B15822



Consignes de sécurité
 •Attention – L’utilisation des commandes ou réglages ou 
l’exécution des procédures autres que celles spécifiées dans les 
présentes exigences peuvent être la cause d’une exposition à un 
rayonnement dangereux.
 •Ne regardez jamais directement dans le rayon laser.
 •Lire, avant toute activité avec le capteur de distance, le  
Quickstart et le manuel de fonctionnement.
 •Seul un spécialiste est habilité à effectuer les travaux de  
raccordement, de montage et de réglage.
 •Raccorder et séparer les conduites exclusivement hors tension.
 •Aucun composant de sécurité dans le sens de la  
Directive Machine CE.



Utilisation conforme à l‘emploi prévu
Le capteur de distance Dx35 est un capteur optoélectronique destiné 
à déterminer, dans contact, de manière optique, la distance d‘objets.



Remarques
 •Le mode Apprentissage est quitté automatiquement après  
5 minutes sans appui touche.
 •Les réglages effectués en mode Apprentissage sont acceptés im-
médiatement par un appui sur la touche set.
 •Ne pas manipuler les touches à l‘aide d‘objets pointus.
 •Une fois l‘apprentissage abouti, la LED correspondante clignote 
deux fois. Si l‘apprentissage n‘a pas abouti, les deux LED d‘état 
clignotent en alternance.



Mise en service
Montage et raccordement
! Monter le capteur de distance dans les perçages de fixation 



prévus à cet effet (voir fig. A).
" Réaliser le raccordement électrique. Enficher la conduite hors 



tension et la visser (voir fig. B)
§ Mettre la tension de service. La LED verte run doit s‘allumer.



Effectuer l‘apprentissage F1
! Orienter le capteur de distance: distance DT/DS vers l’objet et 



DL/DR vers le réflecteur (voir fig. C). Avec les modèles à infra-
rouge, activer le dispositif d’aide à l’orientation puis orienter le 
capteur à l’aide du film réfléchissant (voir fig. D).



" Effectuer l‘apprentissage, en fonction de l‘application.
 — Apprentissage en un point C1 (inverse C2)
 — Apprentissage sur fenêtre C4 (inverse C5)
 — Apprentir l‘objet ou le fond (détection de tous les objets se 



détachant sur le fond de miroitement à noir profond) C3
 — Sur DT35/DL35 et sortie analogique activée : échelonner la 



sortie analogique D



Effectuer l‘apprentissage fin F1
! Appuyer, juste après l‘apprentissage (abouti) en même temps 



sur les touches select et set. L‘apprentissage fin est quitté 
automatiquement après 30 secondes sans appui touche.



" Chaque appui touche décale le point de commutation/
analogique de +10 mm (select) ou de –10 mm (set).



Réglage de la vitesse F1
Appuyer sur la touche set jusqu‘à l‘atteinte de la vitesse souhaitée.
Régler les fonctions en mode Expert F2



 •Fonction Entrée MF : Apprentissage externe (voir Fig. E), laser hors 
service, inactive
 •Niveau Entrée MF : Elevé active, Basse active
 •Comportement en sortie Q2 : 4 … 20 mA, 0 … 10 V, commutant



Réglage usine
Maintenir la touche Select appuyée pendant la mise en service de la 
tension d‘alimentation jusqu‘à ce que toutes les LED d‘apprentissage 
clignotent.



Maintenance
Les capteurs SICK ne nécessitent pas de maintenance. Nous vous 
recommandons les actions régulières suivantes :



 •nettoyage des limites optiques
 •vérifier les vissages et raccords enfichables.



FRANCAIS personal cualificado.
 •Las líneas sólo deben establecerse y desconectarse con la ten-
sión de alimentación desconectada.
 •No contiene ningún componente de seguridad según la Directiva 
de Máquinas de la UE.



Uso previsto
El sensor de distancia Dx35 es un sensor optoelectrónico para la 
medición de objetos a distancia sin contacto.



Indicaciones
 •Si no se pulsa ninguna tecla durante 5 minutos, se queda auto-
máticamente en el modo de aprendizaje.
 •Los ajustes en el modo de aprendizaje se almacenan inmediata-
mente después de pulsar la tecla set.
 •No pulsar las teclas con objetos punzantes.
 •Si el aprendizaje es correcto, el LED correspondiente parpadea 
dos veces. Si el aprendizaje no se realiza correctamente, ambos 
indicadores LED de estado parpadean alternativamente.



Puesta en marcha
Montaje y conexión
! Montar el sensor de distancia utilizando los orificios de montaje 



previstos (ver fig. A).
" Realizar la conexión eléctrica. Conectar el cable sin tensión  



aplicada y apretar (ver fig. B)
§ Conectar la tensión de alimentación. El LED verde run debe estar 



encendido.



Realizar aprendizaje F1
! Alinear el sensor de distancia: DT/DS al objeto y DL/DR al 



reflector (ver fig. C). Activar la alineación en las variantes IR y 
alinear el sensor con la cinta reflectante de ayuda. (ver fig. D).



" Aprendizaje según el caso de aplicación.
 — Aprendizaje de un punto C1 (C2 invertido)
 — Aprendizaje de ventana C4 (C5 invertido)
 — ObSB o aprendizaje de fondo (detectar todos los objetos que 



no sean de fondo, incluso los extremadamente brillantes u 
oscuros) C3



 — Con DT35/DL35 y salida analógica activada: Salida analógica 
de escala D



Realizar el aprendizaje detallado F1
! Tras superar con éxito el aprendizaje, presione las teclas 



select y set simultáneamente. Si no se pulsa ninguna tecla 
durante 30 segundos, se queda automáticamente el modo de 
aprendizaje detallado.



" Cada operación de la tecla cambiará el punto de conmutación/
analógico por +10 mm (select) o –10 mm (set).



Establecer la velocidad F1
Pulse la tecla set repetidamente hasta que aparezca la velocidad 
deseada.
Cambiar la funcionalidad en el modo experto F2



 •Función entrada MF: Aprendizaje externo, (ver fig. E), láser  
apagado, inactivo
 •Nivel de entrada MF: Activo alto, activo bajo
 •Comportamiento de salida Q2: 4 … 20 mA, 0 … 10 V, conmu-
tación



Configuración de fábrica
Mantenga presionada la tecla select mientras se aplica la tensión de 
alimentación hasta que todos los LED de aprendizaje parpadeen.



Mantenimiento
Los sensores SICK no necesitan mantenimiento. Le recomendamos 
que periódicamente: 



 •limpie las superficies de las lentes externas
 •compruebe las conexiones del enchufe y del tornillo en intervalos 
regulares.



 •Se a aprendizagem foi bem sucedida, o LED correspondente pis-
ca duas vezes. Se a aprendizagem não foi bem sucedida, os dois 
LED de estado piscam alternadamente.



Posta em funcionamento
Montagem e conexão
! Use os orifícios de fixação para montar o sensor de distância (ver 



imagem A).
" Proceder à ligação elétrica. Conecte o cabo sem voltagem e 



aperte (ver imagem B)
§ Ligue a tensão de alimentação. O LED verde de run deve de estar 



aceso.



F1 Executar aprendizagem
! Alinhar o sensor de distâncias: DT/DS com o objeto e  



DL/DR com o refletor (ver imagem C). No caso de variantes com 
alinhamento por IV, ativar o dispositivo de alinhamento e orientar 
o sensor com a ajuda de uma película refletora (ver imagem D).



" Executar a aprendizagem dependendo do caso de aplicação.
 — Aprendizagem um ponto C1 (C2 invertido)
 — Aprendizagem de janela C4 (C5 invertido)
 — ObSB ou aprendizagem em pano de fundo (deteção de todos 



os objetos que não façam parte do pano de fundo incluído 
objetos extremamente brilhantes ou escuros) C3



 — Em caso de DT35/DL35 e saída analógica ativa: Escalar saída 
analógica D



F1 Executar aprendizagem detalhada
! Após aprendizagem bem sucedida, prima simultaneamente as 



teclas select e set. Se não se toca em nenhuma tecla durante 
30 segundos, sai-se automaticamente do modo de aprendizagem 
detalhado.



" Every operation of the key will shift the switching/analog point by 
+10 mm (select) or –10 mm (set).



F1 Ajustar velocidade
Premir a tecla set até se alcançar a velocidade pretendida.
Ajustar funções em modo de especialist F2



 •Função entrada MF: Aprendizagem externa (ver imagem E) laser 
desligado, inativo
 •Nível entrada MF: Alto ativo, baixo ativo
 •Comportamento de saída Q2: 4 … 20 mA, 0 … 10 V,  
em comutação



Configurações de fábrica
Mantenha a tecla select premida enquanto aplica a tensão de ali-
mentação até que todos os LED de aprendizagem estejam a piscar.



Manutenção
Os sensores SICK não requerem manutenção. Recomendamos, a 
intervalos regulares:



 •limpar as superfícies das lentes
 •verificar os parafusos e conexões.



 — Con DT35/DL35 ed uscita analogica attiva: Riduzione in scala 
dell‘uscita analogica D



Esecuzione di Teach di precisione F1
! Immediatamente dopo l‘operazione Teach conclusa con 



successo, selezionare allo stesso tempo i pulsanti Select e Set. 
Se per 30 secondi non si seleziona nessun pulsante, si esce 
dall‘operazione Teach di precisione in modo automatico.



" Ogni volta che si preme il pulsante si sposta il punto di 
attivazione /analogico di +10 mm (select) o –10 mm (set).



Impostazione della velocità F1
Press the key set repeatedly until the desired speed is selected.
Impostazione delle funzioni in modalità Expert F2



 •Funzione ingresso MF: Teach esterno (vedere fig. E), laser disatti-
vato, non attivo
 •Livello ingresso MF: High attivo, Low attivo
 •Comportamento uscita Q2: 4 … 20 mA, 0 … 10 V, ad attivazione



Impostazione di fabbrica
Tenere premuto il pulsante select durante la definizione della 
tensione di alimentazione fino a quando tutti i LED Teach-in non 
lampeggiano.



Manutenzione
Il sensori SICK non richiedono nessuna manutenzione. Ad intervalli 
regolari si consiglia di



 •pulire le interfacce ottiche 
 •controllare i collegamenti a vite e i collegamenti ad innesto.



 •Выходные характеристики Q2: 4 … 20 мA, 0 … 10 В, 
переключаемый



Заводская установка
Во время включения питающего напряжения держать кнопку 
select нажатой, пока не замигают все светодиоды «Teach-in».



Техобслуживание
Сенсоры SICK не требуют техобслуживания. Мы рекомендуем 
регулярно 



 •очищать оптические граничные поверхности
 •Проверять резьбовые и штекерные соединения.



距離計測センサー　Dx35



クイックガイド
クイックガイドの他に、詳細な取扱説明書をご用意して、I/Oリンクを
使用する設定方法を併せてご説明しています。上記の取扱説明書は、



「www.mysick.com/en/dx35」よりダウンロードできます。
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 = 4ns



 = 658nm
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安全に関する注意事項
 •レーザービームは、のぞきこまないようにしてください。
 •この距離計測センサーを使用する作業は、いずれも事前に、この
クイックガイドと取扱説明書をお読みください。
 •接続、取付、設定は、必ず、専門知識を備えた技能者の方が行って
ください。
 •導線を繋いだり外すときは、必ず通電していない状態で行ってく
ださい。
 •安全部品として、機械の安全装置にかかわるEU指令の適用対象
には、該当しません。



仕様に沿って、ご使用ください
距離計測センサー Dx35は、対象物との距離を光学的に非接触で計
測する光電センサーです。



ヒント
 •キー操作を行わずに5分が経過すると、自動的にティーチングモ
ードを終了します。
 •ティーチングモードの設定内容は、setキーを押すと直ちに適用
されます。
 •キー操作には、先端が鋭利な物を使用しないでください。
 •ティーチングを支障なく完了できたときは、対応するLEDが2度、
点滅します。 ティーチングが失敗したときは、ステータスを示す、2
個のLEDが交互に点滅します.



スタートアップ



取付、接続
! 距離計測センサーには、固定用の穴がありますので、それを利用



して取り付けます（図Aを参照ください）。
" 電気接続を行う。導線は、通電していない状態で差し込んで、ネジ



止めします（図Bを参照ください）。
§ 電源を投入します。 緑色LED、runが点灯することを確認してくだ



さい。



ティーチングを行う F1
! 距離計測センサを調整する：DT/DSを対象物に合わせ、DL/DRを



リフレクターに合わせます（図Cを参照ください）。赤外線バージョ
ンの場合は調整補助装置を作動させて、反射テープを使用して
センサを調整します（図Dを参照ください）。



" 用途に応じたティーチングを行います。.
 — 1点ティーチング C1 （C2の反転です）
 — ゾーンティーチング C4 （C5の反転です）
 — センサー～背景の中間にある目標物、ないしは、背景の各ティ
ーチ・インを行います（背景から離れた対象物は、鏡面のもの
から極端に黒いものに至るまで、もれなく検知します） C3



 — DT35、DL35、アナログ出力を選択したときは、アナログ出力 D
のスケール設定を行います



精密ティーチングを行う F1
! ティーチングを支障なく完了したら、すぐに続いてselectキーと



setキーを同時に押します。キー操作を行わずに30秒が経過する
と、自動的に精密ティーチングを終了します。



" キーを1回、押すごとに、切替ポイントやアナログポイントが、＋10 
mm（selectキーを押したとき）、または、－10 mm（setキーを押し
たとき）の各刻み幅で移動します。



速度を設定する F1
お好みの速度が選択されるまで、setキーを押します。
エキスパートモードで機能を設定する F2



 •MF入力機能：外部入力によるティーチング（図Eを参照ください）。
レーザーはオフ、不感
 •MF入力のレベル：高感度、低感度 
 •出力レンジ Q2：4 ～ 20 mA、0 ～ 10 V、切替 



工場出荷時の設定
電源を投入し、ティーチ・インLEDがすべて点滅するまで、selectキー
を押し続けると、工場出荷時の設定に復帰します。



メンテナンス
ジック社の各種センサーは、メンテナンスフリーです。ジック社から
は、下記の作業を定期的に行うよう、お勧めしております



 •光学部品の投光面、受光面を清掃する
 •ネジ止め部やプラグコネクタの接続を点検する



日本語



距离传感器 Dx35



快速入门



除了快速入门之外，还有详细的操作说明，借助 IO-Link （输入输出
连接）可以进行设定。可从“www.mysick.com/en/dx35”网站下载操
作说明.
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安全须知
 •切勿注视激光束。
 •使用距离传感器前阅读快速入门和操作说明。
 •只允许专业人员接电、安装和调整。
 •导线断电后，方可连接和断开。
 •根据欧盟机器指令，未配备安全元件。



正确使用
距离传感器 Dx35 是一个用光学方法无接触测量物体距离的光电
传感器。



提示
 •如果持续 5 分钟不操作按键，系统会自动退出示教模式。
 •立即操作 Set 按键可以保存示教模式下所作的调整。
 •不要用尖锐的物体操作按键。
 •示教成功后，相应的发光二极管闪烁两次。若示教未成功，两只状
态指示灯交替闪烁



初次运行



安装和接电
! 通过规定的安装孔安装距离传感器（见插图 A）。
" 进行接电。在无电状态下插上导线并拧紧（见插图 B）。
§ 接通电源。绿色 run 指示灯应亮起。



进行示教 F1
! 校准距离传感器: DT/DS 对准物体且 DL/DR 对准反射器  



(见插图 C)。采用红外(IR)参数时需激活校准辅助功能并借助反
射箔片来校准传感器 (见插图 D)。



" 根据应用情况示教。
 — 单点示教 C1 （逆向 C2）
 — 窗口示教 C4 （逆向 C5）
 — 学习 ObSB 或背景 （检测与背景不符的所有物体 ，从反射方
式到深黑色 ）C3



 — 对于 DT35/DL35 和有源模拟输出端：对模拟输出端定标 D



进行精确示教 F1
! 示教成功后直接同时按 select 和 set 键。如果 30 秒钟不操作按



键，即会退出精确示教模式。
" 每按一次按键转换/模拟点被移动 +10 mm (select) 或  



–10 mm (set) 



设定速度 F1
按 Set 键直至选取了所要的速度。



在专家模式下设定功能 F2



 •MF 输入端功能：外部示教（参见插图 E），激光关闭，不活动 
 •MF 输入端电平：High aktiv, Low aktiv
 •输出端特性 Q2：4 … 20 mA, 0 … 10 V, 切换



出厂设定
施加电源电压期间按住 select 键，直至所有示教指示灯闪烁。



保养
SICK 传感器免维护。建议定期



 •清洁光学分界面，
 •检查螺纹接头和接插件。



中文



Sensor de distancia Dx35



Quickstart
Además del Quickstart, existe el manual de instrucciones detallado, 
el cual incluye los ajustes IO-link también. Estas están disponibles 
para su descarga en „www.mysick.com/en/dx35“.



DISPOSITIVO LÁSER



SALIDA MAX. ≤ 250mW
DURACIÓN DE IMPULSOS = 4ns
LONGITUD DE ONDA = 658nm



EN/IEC 60825-1:2014



LASER
     2 



Cumple con 21 CFR
1040.10 y 1040.11 con



excepción de las variaciones 
de conf. con el aviso de láser 



Nº. 50, con fecha 24 de junio de 2007



DT35-B15251
DS35-B15221



DISPOSITIVO LÁSER



EN/IEC 60825-1:2014



LASER
     1 



Cumple con 21 CFR
1040.10 y 1040.11 con 



excepción de las variaciones 
de conf. con el aviso de láser  
Nº. 50, con fecha 24 de junio de 2007



DT35-B15551
DS35-B15521
DL35-B15552
DR35-B15522
DT35-B15851
DS35-B15821
DL35-B15852
DR35-B15822



Indicaciones de seguridad
 •No mire directamente al rayo láser.
 •Antes de realizar cualquier trabajo con el sensor de distancia, leer 
el Quickstart y el manual de instrucciones.
 •La conexión, el montaje y la instalación debe ser realizado por 



ESPAÑOL



Sensor de distância Dx35



Quickstart
Para além do Quickstart, existem instruções de operação detalhadas 
que incluem também a possibilidade de configuração através de 
IO-Link. Poderá fazer o download destas instruções em „www.mysick.
com/en/dx35“.



POTÊNCIA MÁX. ≤ 250mW
DURAÇÃO DO IMPULSO = 4ns



CUMPRIMENTO DE ONDA = 658nm



EN/IEC 60825-1:2014



LASER
     2 



APARELHO DE LASER



Cumpre as normas 21 CFR
1040.10 e 1040.11



à exceção de desvios 
conforme a nota de laser 



N.º 50, 24 de junho de 2007



DT35-B15251
DS35-B15221



EN/IEC 60825-1:2014



LASER
     1 



Cumpre as normas 21 CFR
1040.10 e 1040.11 à 



exceção de desvios 
conforme a nota de laser 



N.º 50, 24 de junho de 2007



APARELHO DE LASER



DT35-B15551
DS35-B15521
DL35-B15552
DR35-B15522
DT35-B15851
DS35-B15821
DL35-B15852
DR35-B15822



Indicações de segurança
 •Não olhar diretamente para o raio laser.
 •Antes da realização de qualquer trabalho com o sensor de distân-
cia, leia o Quickstart e as instruções de operação.
 •A conexão, a montagem e a configuração devem de ser realizadas 
por pessoal qualificado.
 •As linhas só podem ser ligadas e desligadas quando o dispositivo 
está sem tensão.
 •Sem nenhum componente de segurança em conformidade com a 
diretiva de máquinas CE.



Uso adequado
O sensor de distância Dx35 é um sensor optoeletrónico para a 
medição ótica de objetos sem contacto e à distância.



Indicações
 •Se não se toca em nenhuma tecla durante 5 minutos, sai-se auto-
maticamente do modo de aprendizagem.
 •No modo de aprendizagem, as configurações são guardadas auto-
maticamente quando se prime a tecla set.
 •Não acione as teclas com objetos pontiagudos.



PORTUGUÊS



Sensore di distanza Dx35



Quickstart
Oltre alla guida rapida sono disponibili le istruzioni per l‘uso detta-
gliate comprendono anche la possibilità di installazione attraverso IO-
Link. È possibile scaricarle all‘indirizzo „www.mysick.com/en/dx35“.



Conformità 21 CFR
1040.10 e 1040.11



salvo variazioni 
secondo la specifica laser 
num. 50, 24 giugno 2007



POTENZA MAX ≤ 250mW
DURATA IMPULSO = 4ns



LUNGHEZZA D'ONDA = 658nm



EN/IEC 60825-1:2014



LASER
     2 



APPARECCHIATURA LASER



DT35-B15251
DS35-B15221



APPARECCHIATURA LASER



EN/IEC 60825-1:2014



LASER
     1 



Conformità 21 CFR 
1040.10 e 1040.11



salvo variazioni 
secondo la specifica laser 
num. 50, 24 giugno 2007



DT35-B15551
DS35-B15521
DL35-B15552
DR35-B15522
DT35-B15851
DS35-B15821
DL35-B15852
DR35-B15822



Indicazioni di sicurezza
 •Non puntare il raggio laser negli occhi.
 •Prima di eseguire qualsiasi operazione con il sensore di distanza, 
leggere la guida rapida e le istruzioni per l‘uso.
 •Far eseguire le operazioni di allacciamento, montaggio ed instal-
lazione solo a personale specializzato.
 •Stabilire i collegamenti dei cavi e procedere alla loro disconnes-
sione solo in assenza di tensione. 
 •Nessun componente di sicurezza ai sensi della direttiva UE in ma-
teria di macchinari.



Uso appropriato
Il sensore di distanza Dx35 è un sensore ottico-elettronico per la 
determinazione delle distanze dagli oggetti senza eventuali contatti.



Indicazioni
 •Se non si seleziona nessun pulsante per 5 minuti, si esce dalla 
modalità Teach in modo automatico.
 •Le impostazioni in modalità Teach vengono acquisite immediata-
mente premendo il pulsante set.
 •Non selezionare i pulsanti con oggetti appuntiti.
 •Una volta completata l‘operazione Teach con successo, il LED 
specifico lampeggia per due volte. Se l‘operazione Teach non si 
conclude con successo, i due LED di stato lampeggiano in modo 
alternato.



Attivazione
Montaggio e collegamento
! Montare il sensore di distanza sui i fori di fissaggio previsti 



(vedere fig. A).
" Stabilire il collegamento elettrico. Applicare il cavo e serrare le viti 



a fondo in assenza di tensione (vedere fig. B)
§ Attivare la tensione di alimentazione. Il LED verde run si deve 



accendere.



Esecuzione di Teach F1
! Orientare il sensore della distanza: DT/DS verso l‘oggetto e 



orientare DL/DR verso il riflettore (vedere fig. C). In caso di 
varianti IR attivare i supporti all‘orientamento e orientare il 
sensore utilizzando la pellicola riflettente (vedere fig. D).



" A seconda dei casi eseguire l‘operazione Teach.
 — Teach C1 ad un punto (C2 invertito)
 — Teach C4 a finestra (C5 invertito)
 — Apprendimento ObSB o sfondo (rilevamento di tutti gli oggetti 



diversi dallo sfondo dalla riflessione speculare fino alla tonalità 
più scura di nero) C3



ITALIANO



Датчик расстояния Dx35



Руководство по быстрому началу работы
Дополнительно к быстрому старту есть исчерпывающая инструкция 
по эксплуатации, в которой описаны возможности настройки через 
IO-Link. Ее можно скачать по ссылке www.mysick.com/en/dx35.



ЛАЗЕРНАЯ УСТАНОВКА



МАКС. МОЩНОСТЬ ≤ 250mW
ДЛИТЕЛЬНОСТЬ ИМПУЛЬСА = 4ns



ДЛИНА ВОЛНЫ = 658nm



EN/IEC 60825-1:2014



LASER
     2 



Соответствует 21 CFR
1040.10 и 1040.11



за исключением отклонений
согласно уведомлению о лазере



№. 50, от 24 июня 2007



DT35-B15251
DS35-B15221



ЛАЗЕРНАЯ УСТАНОВКА



EN/IEC 60825-1:2014



LASER
     1 



Соответствует 21 CFR 
1040.10 и 1040.11 за



исключением отклонений
согласно уведомлению о лазере



№. 50, от 24 июня 2007



DT35-B15551
DS35-B15521
DL35-B15552
DR35-B15522
DT35-B15851
DS35-B15821
DL35-B15852
DR35-B15822



Указания по технике безопасности
 •Не смотреть на лазерный луч.
 •Перед всеми работами с датчиком расстояния, прочитать 
руководство по быстрому началу работы и инструкцию по 
эксплуатации.
 •Электрическое подключение, монтаж и настройка 
осуществляется только специалистом.
 •Провода подключать и отключать только в обесточенном 
состоянии.
 •Продукт не является элементом обеспечения безопасности 
согласно директиве по машиностроению ЕС.



Применение по назначению
Датчик расстояния Dx35 является оптоэлектронным сенсором для 
оптического, бесконтактного определения расстояния до объектов.



Примечания
 •Через 5 минут незадействования кнопок режим Teach 
автоматически отключается.
 •Настройки в режиме Teach немедленно сохраняются при 
нажатии на кнопку set.
 •Не нажимать кнопки острыми предметами.
 •При успешном выполнении Teach, соответствующий 
светодиод мигнет дважды. При неудачном выполнении Teach, 
попеременно мигают оба светодиода состояния



Ввод в эксплуатацию
Монтаж и подключение
! Датчик расстояния зафиксировать через предусмотренные 



монтажные отверстия (см. Рис. A).
" Произвести подключение электричества. Обесточенный провод 



подключить и завинтить (см. Рис. B)
§ Включить напряжение питания: Должен загореться зеленый 



светодиод run.



Выполнение Teach F1
! Направить датчик расстояния: DT/DS на объект, а DL/DR 



на отражатель (см. Рис. C). Для инфракрасных датчиков 
активировать выравниватель и направить датчик с помощью 
светоотражающей пленки (см. Рис. D).



" Выполнить «Teach» согласно сценарию использования.
 — Одноточечный Teach C1 (инвертированный C2)
 — Оконный Teach C4 (инвертированный C5)
 — ObSB (объект между сенсором и фоном) или изучить 



фон (обнаружение всех объектов, отличных от фона; от 
отражающих до глубоко-черных) C3



 — Для DT35/DL35 и активного аналогового выхода: 
масштабировать аналоговый выход D



Выполнение тонкого «Teach» F1
! Сразу после успешного выполнения «Teach», одновременно 



нажать кнопки «select» и set. > Через 30 секунд 
незадействования кнопок режим «тонкого Teach» 
автоматически отключается.



" С каждым нажатием кнопки сдвигается точка включения/
аналоговая точка на +10 мм (select) или –10 мм (set).



Настройка скорости F1
Нажимать кнопку set, пока не будет выбрана желаемая скорость.
Настройка функций режима Expert F2



 •Функция MF-входа: Внешний «Teach» (см. Рис Е), лазер 
отключен, неактивен
 •Уровень MF-входа: высокая активность, низкая активность



Русский





http://www.mysick.com/en/dx35


http://www.mysick.com/en/dx35


http://www.mysick.com/en/dx35


http://www.mysick.com/en/dx35


http://www.mysick.com/en/dx35


http://www.mysick.com/en/dx35
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CONNECTIONS: 19mm (¾”) hose barb. 
PRESSURE SWITCH SETTINGS: 
Cuts in at 2.0 bar (30 psi)  
Cuts out at 3.1 bar (45 psi) 
MATERIALS OF CONSTRUCTION: 
Pump head:   Glass-filled Polypropylene 
Diaphragm:  Santoprene® 
Valves:  EPDM  
OUTPUT:  
Up to 17 litres/minute (3.7 gallons/minute). 
 
 
 
 
 
 
 
 
 
 
 
 
FUSE SIZE: 18 amp  WEIGHT: 2.7 Kg 



 
 



R4300143A 
Self-Priming Quad 
Diaphragm Pump 12v dc 
 Built-in pressure switch 



automatically starts and stops 
pump instantaneously when 
discharge valve is opened and 
closed.  



 Compact design and plug-in port 
fittings make installation easy. 



 Can run dry without damage and 
handle liquids up to 130°F (54C). 



 Quad Diaphragm design eliminates 
troublesome shaft seal.  



 No metal contact with liquid being 
pumped.  



 Self-priming capability up to 1.5m. 
Pump may be located above the 
liquid level. 



 Powerful, permanent magnet motor 
with low current draw and long life 
brushes 



 



 



 
Cleghorn Waring 
Icknield Way • Letchworth Garden City • Herts • SG6 1EZ 



Telephone: 01462 480380   Fax: 01462 482422 
mail@cleghorn.co.uk   www.cleghorn.co.uk 
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G250X STEP MOTOR DRIVE 
REV 2: July 14, 2010 



 
 
 



Thank you for purchasing the G250X drive. The G250X microstep drive is warranted to be free of manufacturing defects for 1 
year from the date of purchase.  Anyone who is dissatisfied with it or is unable to make it work will be cheerfully refunded the 
purchase price if the G250X is returned within 15 days of the purchase date and is in like-new condition. 
 



PLEASE READ FIRST BEFORE USING THE G250X 
 
Before beginning, be sure to have a suitable step motor, a DC power supply suitable for the motor and a current set resistor.  The 
motor’s rated phase current must be between 0 amps and 3.5 amps and the current set resistor may be a 1/4 watt, 5% part. 
Finally have a STEP and DIRECTION pulse source available. 
 
G250X PIN WIRING 
 



The G250X uses a 30 pin male or female header. It is required to have a suitable breakout board with a mating connector and is 
not recommended to be used without one as the drive is not optically isolated.  
 
PINS 1-4  Power Ground 
  Connect the negative (black) lead of your power supply to these pins. 
 
PINS 5-8  Power (+) 



Connect the positive (red) lead of your power supply to these pins. It must be between +15VDC to +50VDC. 
 



PINS 9-12 Motor Phase A 
  Connect one end of your “Phase A” motor winding here. 
 
PINS 13-16 Motor Phase /A 
  Connect the other end of your “Phase A” motor winding here. 
 
PINS 17-20 Motor Phase B 
  Connect one end of your “Phase B” motor winding here. 
 
PINS 21-24 Motor Phase /B 
  Connect the other end of your “Phase B” motor winding here. 
 
PIN 25  Current Set 
  Connect one end of your current set resistor to this pin with the other end going to pin 30. 
 
PIN 26  Reserved 
  Do not use. 
 
PIN 27  Direction 
  Connect the DIRECTION signal to this pin. 
 
PIN 28  Step 
  Connect the STEP signal to this pin. 
 
PIN 29  Disable 
  This pin will force the winding currents to zero when shorted to ground (PIN 30). 
 
PIN 30  Common 
  Connect this to your logic (controller) ground as well as your current set resistor. 
 
POWER SUPPLY CONNECTION 



 
PINS 1-4  Power Ground 



Connect the power supply ground to these pins 
 



PINS 5-8  Power (+) 
Connect the power supply “+” to these pins 
 



The power supply voltage must be between 15VDC and 50VDC. The maximum power supply current required is 67% of the 
motor’s rated phase current. An unregulated power supply may be used as long as the voltage stays between the limits; keep the 
ripple voltage to 10% or less for best results.  
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G250X STEP MOTOR DRIVE 
REV 2: July 14, 2010 



 
 



 
CAUTION! Power supply voltage in excess of 50VDC will damage the G250X. 



 
CAUTION! Never put a switch on the DC side of the power supply! This will damage, if not destroy, your drive! 



 
A very accurate calculation of power supply voltage is to find your motor’s inductance, and put it into the following equation. 
 
 32 * (√mH inductance) = Power Supply Voltage 
 
If your motor has 2mH of inductance, the equation would look as follows. 
 
 32 * (√2) = 45.12V 
 
In the example above 45.12V is the maximum voltage for that specific motor; any voltage above this will create unnecessary 
heating and any voltage below that will get you proportionally less speed than you could otherwise get at 45.12V.  
 
CURRENT SET RESISTOR 
 
PIN 25   Current Set  



Connect the current set resistor to this pin. 
 



PIN 30   Common  
Connect the other end of the current set resistor to this pin. 



 
This input programs the G250X’s current output to the motor windings. The current set resistor is a linear calculation of 1K ohms 
of resistance for every amp of motor winding current. This means that a 2.3A per phase motor will require a 2.3K ohm resistor on 
PIN 25 and PIN 30. If your motor is 3.5A or above you can leave these PINs open and the drive will self limit to 3.5A; however, 
you will lose the auto current reduction feature of the drive. If you require this feature then a 3.5K resistor should be put on the 
drive.  
 
MOTOR CONNECTION 
 
PINS 9-12  Phase A  



Connect one motor winding to these pins 
 



PINS 13-16 Phase /A 



Connect the other end of the winding to these pins 
 



PINS 17-20 Phase B 



Connect the other motor winding to these pins 
 



PINS 21-24  Phase /B 



Connect the other end of the winding to these pins 
 
Connect one motor winding to PINS 9-12 and PINS 13-16. Connect the other winding to PINS 17-20 and PINS 21-24. Turn the 
power supply off when connecting or disconnecting the motor. If the motor turns in the wrong direction, reverse the motor winding 
connections to PINS 9-12 and PINS 13-16. 
 



CAUTION! Do not short the motor leads to each other or to ground; damage will result to the G250X. 
 



4-wire, 6-wire and 8-wire motors may be used. When 6-wire motors are used, they may be connected in half winding or full 
winding. This is equivalent to an 8-wire motor connected in parallel or series.  If a motor is connected in series or full winding, the 
motor’s phase current rating is half of its parallel or unipolar rating. The choice depends on the high-speed performance required; 



a parallel-connected motor will provide twice the power of a series-connected motor at the same power supply voltage. 
 



STEP AND DIRECTION INPUTS 
 
PIN 27  Direction  



Connect the DIRECTION line to this pin. 
 



PIN 28   Step  
Connect the STEP line to this pin. 
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G250X STEP MOTOR DRIVE 
REV 2: July 14, 2010 



 
 



 



 
These pins can be driven with 3.3V or 5V logic. If 3.3V logic is used then the input current is -1mA for logic “0” and zero for logic 
“1”. If 5V logic is used then the input current is -1mA for “0” logic and 0.67mA for logic “1”. 



 
DISABLE PIN 
 
PIN 29  Disable 
  This pin will force the winding currents to zero when shorted to ground (PIN 30). 
 
Shorting this input to ground (PIN 30) forces winding currents to zero and stops all output switching activity. The G250X will 
continue totalizing step and direction inputs if any are sent. The power supply current drops to less than 15mA. The motor will 
return to its original position when the disable input is released if no step pulses have been sent and the motor has not been 
moved more than 2 full steps. 
 
COMMON PIN 
 
PIN 30   Common 



Connect this pin to the controller signal ground 
 
HEATSINKING  
 
The G250X needs heatsinking for current settings greater than 3 amps. The case temperature (measured on the bottom plate) 
should not exceed 70 degrees C, and for best life should be kept to 50 degrees C or less. Use heatsink compound between the 
G250X and the heatsink.  
 



CAUTION! Current settings above 3 Amps without a heatsink will result in damage to the G250X. 
 



The drive must be heatsinked to a piece of aluminum, preferably with fins and a fan to increase heat dissipation and surface area. 
Do not screw the drive directly to the door of your control cabinet, as this will typically not provide adequate heatsinking 
properties. Be sure to isolate the drive from the heatsink if it is not hard anodized; the heatsink available for purchase from 
Geckodrive is a piece of hard anodized aluminum and does not require any special isolation. If you do not use one of these you 
must use Kapton tape to isolate the MOSFETs from any conductive surface. 
 
ADJUSTING THE TRIMPOT 
 
This trimpot adjusts the motor for the smoothest possible low-speed operation. Set the motor speed to about 1/4 revolution per 
second, and then turn the trimpot until a distinct null is noted in the motor’s vibration. This will result in the most even microstep 
placement for a given motor and power supply voltage. 
 
DISCLAIMER 
 



CERTAIN APPLICATIONS USING POWER PRODUCTS MAY INVOLVE POTENTIAL RISKS OF DEATH, PERSONAL INJURY 
OR SEVERE DAMAGE TO PROPERTY. GECKODRIVE INC. PRODUCTS ARE NOT DESIGNED, AUTHORIZED OR 
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR OTHER CRITICAL APPLICATIONS. INCLUSION 
OF GECKODRIVE INC. PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY AT THE PURCHASER’S 
OWN RISK. 
In order to minimize risks associated with the purchaser’s application, adequate design and operating safeguards must be 
provided by the purchaser to minimize inherent or procedural hazards. GECKODRIVE INC. assumes no liability for applications 
assistance or the purchaser’s product design. GECKODRIVE INC. does not warrant or represent that any license, either express 
or implied, is granted under any patent right, copyright or other intellectual property right of GECKODRIVE INC. 
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The Best Choice for the Most Benefit! 
At LS Mecapion, we are committed to providing premium benefits to all of our 



customers. 



Drive CM User Manual 



Servo Configuration Tool 



- Before use, please read Safety Precautions to use the prod-
uct correctly. 



- After reading this manual, store it in a readily accessible 



location for future reference. 



Safety Precautions 



Ver. 1.0 
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1. About the Manual 



1.1 Functions and Purpose of Drive CM Man-



ual 



This manual explains how to install Drive CM, a dedicated PC software for L7NH, L7P 



INDEXER and PEGASUS Drive, as well as its functions and technical support. 



This manual does not explain 7NH, L7P INDEXER and PEGASUS Drive, unless it is neces-



sary to understand Drive CM's functions. For more information on the those drives, 



please refer to their own manuals. 



1.2 Structure of Drive CM Manual 



This manual is composed of three chapters. 



Below are the brief introductions of those chapters. 



 



Chapter 1: Explains the purpose and structure of the manual and usage precautions for 



Drive CM 



Chapter 2: Explains the system environment and installation of Drive CM 



Chapter 3: Explains the structure of Drive CM 
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1.3 Usage Precautions for Drive CM 



Please keep in mind the precautions below while using Drive CM. 



- Any misuse may lead to a malfunction of the computer or servo drive, causing seri-



ous damage to the human body or equipment. Take extra caution during operation. 



- For USB cable, use double shielded, Twisted Pair and EMI filter attached cable. (simi-



lar product: KU-AMB518 by SANWA) 



- Do not connect or remove the cable while the drive is on or while this software is 



running. 



- Failure to set up properly may cause a runaway or other problem, destroying the ma-



chine. Fully understand the drive and this manual before operation. 



- Ensure that safety is secured around the operation area before operation. 



- Please check the locations of the motor and machine before operation. 



- Before starting operation, ensure that the safety functions such as POT, NOT, EMG 



and STO are enabled. 



- Even in other cases than the position control, check the settings of the electronic 



gear.. 



- Check the position command before entering. 



- Ensure that the operating space is sufficient. 



- If used as a vertical axis, ensure that the system does not fall when the servo is off. 



 



We are not responsible for any event that occurs due to user's violation of the above 



precautions. 
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2. Installing Drive CM 



Drive CM provides an executable file used to install the software on the user's PC. You 



should check if this file has been provided, as it is needed to run Drive CM on the user's 



PC. 



2.1 System Requirements for installing Drive 



CM 



 



 



 



 



 



 



 



Table 1 System Requirements 



 



Note 1. Windows XP, Windows 7, Windows 8 and .NET Framework are the registered 



trade marks of Microsoft, USA. 



The system requirements for installing Drive CM are as shown in <Table 1> above. 



If the recommended system requirements are not met, you may not install and run the 



software properly. 



Categories Recommended system requirements 



OS Windows XP, Windows 7 and Windows 8 (x86: 32bit, x64: 64bit) 



CPU Dual Core 2.5 GHz or higher 



RAM 2GB 



PORT USB port that supports USB 1.0 or higher (Ethernet, RS-422) 
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You can install the software on the following OS's: Microsoft Windows XP, Windows 7, 



and Windows 8, for both x86 (32 bit) and x64 (64 bit) Systems. You may not install the 



software on other OS's except the ones listed above. By the way, Drive CM is only exe-



cutable when .NET Framework is already installed. For the OS's that support .NET 



Framework, refer to the following Table 2. 



 



 



 



 



 



 



 



 



 



 



Table 2 



OS's that support .NET Framework 4.0 



 



2.1.1 Installing Drive CM 



(1) The Installer Files are provided for Drive CM. First, the user computer system 



type has to be identified. Once it has been identified, double-click on Set-



up_32bit(x86) or Setup_64bit(x64) according to the system type to start instal-



lation. (How to check the system type: Control Panel→ System→ System Type)  



 



 



Figure 2-1.1 



 



 



 



 



(2) On the Welcome to the Drive CM Setup Wizard window as shown in Figure 2-



1.2, click Next. 



Version OS's supported 



.NET Framework 4.0 



Windows Servo 2003, Windows Servo 2008, 



Windows Servo R2, Windows Servo R2 SP1, 



Windows Vista, Windows XP, 



Windows 7, and Windows 8 
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Figure 2-1.2 



 



 



(3) Select the installation folder for Drive CM, as shown in Figure 2-1.3. 



 



Figure 2-1.3 



(4) The installation program is ready to install Drive CMin the user's computer.  
To start installation, click on Next.  
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Figure 2-1.4 



 



 



(5) Drive CM is being installed. Please wait until the installation is complete. 



 



Figure 2-1.5 











2. Drive CM Installation  .  



 



 



(6) Drive CM has been successfully installed. Click Close to exit. 



 



Figure 2-1.6 



 



When the installation process is complete, the Drive CM's shortcut icons are gener-



ated on the Windows Desktop. Then go to WindowsStartAll ProgramsDrive 



CM. Double click the Drive CM icon to run it. 



 



 



Figure 2-1.6 



 











3. Structure of Drive CM 



Drive CM is a PC software for L7NH, L7P INDEXER and PEGASUS Drive and supports the 



functions of Servo Drive for monitoring, operation, parameter setting and firmware up-



grade. 



3.1 Main Dialogue 



The following Figure 3-1 shows the Main Dialogue screen that is displayed when Drive 



CM is first run. 



 



 



 



 



 



 



 



 



 



 



Figure 3-1 



Main Menu 



(Drive/Motor, I/O, Fault 



Procedure…) 



 



 



Shortcut Icon 



Drive Status Display 



(SVON, WARN, RDY…..) 



Auxiliary Window 



(I/O, Procedure, Indexer) 



Communication 



Connection Status 



(Connection Closed, 



USB Connected) 



Alarm Message 



(Ex: [31] Encoder 



cable open) 



Select Communi-



cation Type 



(USB, Ethernet, 



 RS-422) 



Select Drive Type 



(PEGASUS, L7NH, L7P) 



Communication Connect 



or Disconnect 



(Offline to Online, 



 Online to Offline) 



Main Window 



(Drive/Motor, Monitor-



ing, Advanced, Indexer, 



Object Dictionary) 
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 Using Shortcut Icons 



By using shortcut icons which represent frequently used functions under the main menu, 



you can execute the corresponding functions quickly. 



For the each function usages, please refer to 3. Structure of Drive CM. 



 



 



 



 



 



 



 



 



 



 



 



Figure 3-1.1 



 



 



 



 



 



 



 



 



 



 



 



 



 



Figure 3-1.2 



Trace / Trigger Monitor 



General Configuration 



Control Loop 



Motor Encoder Setup  



Fault Configuration  



Object Dictionary  



Cyclic Monitor 



 



Indexer Test 



Homing 



 Digital Input  



 



Manual Jog 



 



Tuning 



 



PTP Move 



Analog Input 



 



 



Digital Output 



 



Index Edit 



Analog Output 
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Figure 3-1.3 



Save to Memory 



 



 



Firmware Update 



 



Software Reset 



 



Emergency STOP 



 



 



Reset Servo Alarm 
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3.1.1 Connecting the Communication Port 



Drive CM provides USB, Ethernet (EtherCAT) and RS-422 communication to connect 



with the servo drive.  



 



 



 



 



 



 



 



 



 



 



 



 



Figure 3-1.4 L7NH, L7P Connection 



 



 



 



 



 



 



 



 



Figure 3-1.5 Pegasus Connection 



L7NH or L7P Drive 



PC USB Port 



(mini B) 



USB Port 



(TYPE A) 



L7NH : EtherCAT 



L7P : RS-422 



(RJ-45) 



Drive CM 



USB Port 



(mini B) 



USB Port 



(TYPE A) 



PC 



Pegasus Drive 



Drive CM 



EtherCAT 



(RJ-45) 
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 Connecting the USB Port 



(1) Select USB from the three options of USB, Ethernet or RS-422 at the top-left of the 



screen, as shown in Figure 3-1. 



 



Figure 3-1.6 



 



(2) Select one from the three types of drives (PEGASUS, L7NH, L7P) as shown in the fig-



ure on the right side of USB. 



 



Figure 3-1.7 



 



(3) After selecting the drive, click the button as shown below to connect communication. 



      



Figure 3-1.8 



(4) You should check setting of drive’s information is to be set correctly, when pop-up 



window is come up.  



 



Figure 3-1.9 
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(5) Once all communication settings are complete, communication connection status at 



the left bottom of Main Dialogue and Node Browser is changed as follows. (green) 



          



Figure 3-10 



      



Figure 3-1.11 
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 Connecting Ethernet Port 



Select Ethernet from the three options of USB, Ethernet or RS-422 at the top-left of the 



screen, as shown in Figure 3-1. 



 



Figure 3-1.12 



 



(1) Select one from the two types of drives (PEGASUS, L7NH) as shown in the figure on the 



right side of Ethernet. 



 



Figure 3-1.13 



 



(2) If you click Configuration under Setup menu, the following popup window appears. 



For a detailed configuration method, please refer to 3.10.1 Configuration. 



 



Figure 3-1.14 



 



 











3. Structure of Drive CM .  



 



 



Figure 3-1.15 



 



IP Address information of My PC (EtherCAT Master Configuration) and Drive (EtherCAT 



Slave Configuration) is automatically displayed. Enter the number of drives to be connect-



ed in Slaves Count and close the screen. 



 



(3) After selecting the drive, select Slave IP to connect to and click the button as below to 



connect commnunication. 



    



 



 



Figure 3-1.16 



 



(4) Figure 3-1.17 Check the accuracy of drive‘s information, the following popup window 



appears. 



               



                             Figure 3-1.17 



(5) When the communication setup is finished, the connection status marker at the bottom-



left of Main Dialogue changes as shown in the following figure. (A green box marker 



blinks.) 



          



Figure 3-1.18 
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Figure 3-1.19 



 



 



 



 



 



 



 



 



 



 



 



 



 



 Connecting RS-422 Port 



Select RS-422 from the three options of USB, Ethernet or RS-422 at the top-left of the 



screen, as shown in Figure 3-1. 



Note 4) After making the computer recognize RS-422 Converter, execute Drive CM. 



 



(1) ‘Select L7P from the three types as shown in the figure on the right side of RS-422 



      



Figure 3-1.20                                  그립 3-1.21 



 



(2) ‘Click Configuration under Setup menu. 
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Figure 3-1.22 



 



(3) Set Node ID, Serial COM Port, Baud rate, if the following popup window appears. 



 



Figure 3-1.23 



 



(4) After selecting the drive, click the button as shown below to connect communication. 



      



Figure 3-1.24 



(5) Check the accuracy of drive‘s information, the following popup window appears. 



 



Figure 3-1.25 
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(6) Once all communication settings are complete, communication connection status at the 



left bottom of Main Dialogue and Node Browser is changed as follows. (green) 



      



Figure 3-1.26 
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3.2 Drive/Motor 



 



Figure 3-2 



 



From the top main menu, select a necessary menu such as Drive/MotorMotor Encoder 



or General Configuration.  



 



3.2.1 Motor Encoder (L7NH and L7P only) 



 Motor Setup 



 



Figure 3-2.1 Motor Setup 



 



(1) 3rd Party Motor 



- When this is selected, 9999 is automatically typed in Motor ID to use a third party 



motor and the options in Figure 3-2.3 are enabled. If not selected, our motor will be 



used.  



Note 2) To drive a third party motor, you should enter correct parameters. Please note 



that our company neither carried out any test for the combination of our drive and a 



third party motor, nor gives any warranty for the motor's performance. 



 



(2) Motor ID (0x2000) 
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- Set the motor ID. Our motor carries the motor ID on the motor nameplate. 



(3) Linear Motor (0x2800) 



- Select the linear motor to use it. If not, the rotary motor is used. 



If a linear motor is used, the unit of 3
rd



 Party Motor Setup is changed. 



(4) Magnetic Pole Pitch (0x2018) 



- This specifies the pitch between magnetic poles of linear motor.  



(5) Commutation Method (0x201A) 



- Select a commutation method to get the information on the initial angle of the mo-



tor. 



(6) Commutation Current (0x201B) 



- Select a commutation current. 



(7) Commutation Time (0x201C) 



- Set the commutation time. 
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 Encoder Setup 



 



Figure 3-2.2 Encoder Setup 



 



(1) Encoder Type (0x2001) 



- Set the encoder type.  



(2) Resolution (0x2002) 



- Set the encoder resolution in the unit of pulse (count) based on a multiple of 4. You 



can usually find the encoder's resolution on our motor's nameplate. 



(3) Grating Period (0x201D) 



- Set sinusoidal curve encoder’s lattice spacing 



- When you select Type 7(Sinusoidal) of Encoder Type only, you can set. 



(4) Absolute Encoder Configuration (0x2005) 



- Set the usage of the absolute encoder 
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 3rd



 Party Motor Setup 



To drive a motor made by other companies or any of our motors without its Motor ID, 



you should enter the motor's characteristics values. 



If you want to use a 3rd party parameter value, enter "9999" for Motor ID (0x2000). 



When you select a 3rd party motor as shown in Figure 3-2.1, "9999" is automatically en-



tered . 



 



Figure 3-2.3 3
rd



 Party Motor Setup 
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Figure 3-2.4 If you check Linear Motor (0x2800) setting, the units of 3
rd



 Party Motor Setup are 



changed 



(1) Type (0x2800) 



- 3
rd



 party motor's type is set. 



(2) Number of poles (0x2801) 



- 3
rd



 party motor type is set. For linear motor, set it to 2. 



(3) Rated Current (0x2802) 



- 3
rd



 party motor's Rated Current is set. 



(4) Rated Speed (0x2803) 



- 3
rd



 party motor's Maximum Current is set. 



(5) Maximum Speed (0x2804) 



- 3
rd



 party motor's Rated Speed is set. For a linear motor, the unit is mm/s. 



(6) Inertia or Mass (0x2806) 



- 3
rd



 party motor's Inertia is set. For a linear motor, set the weight of rotor. At the time, 



the unit is 'kg'. 



(7) Torque or Force constant (0x2807) 



- 3
rd



 party motor's Torque Constant is set. For a linear motor, set the force constant. 



The unit is N/A. 



(8) Phase Resistance (0x2808) 



- 3
rd



 party motor's phase resistance (= resistance between lines ÷ 2) is set. 



(9) Phase Inductance (0x2809) 



- 3
rd



 party motor's phase inductance (= inductance between lines ÷ 2) is set. 



(10) TN curve data 1 (0x280A) 



- 3
rd



 party motor's data of the motor speed/torque curve is set. Enter the maximum 



speed at the time when the maximum torque (for a linear motor, the maximum 



thrust) is output. For a linear motor, the unit is mm/s. 



(11) TN curve data 2 (0x280B) 



- 3
rd



 party motor's data of the motor speed/torque curve is set. At maximum speed  



(12) Hall Offset (0x280C) 
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- The offset of the hall sensor attached for initial angle of a 3rd party motor may vary 



depending on manufacturer. For this case, the hall sensor offset must be checked 



and correctly set. 
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3.2.2 General Configuration 



 Motor Direction / Gear Ratio 



 



Figure 3-2.5  



(1) Reverse Rotation Direction (0x2004) 



- Set the rotation direction of the motor. (If selected, the motor rotates clock-wise ac-



cording to the Forward command.) 



 



Figure 3-2.6 



 



(2) Motor revolutions (0x6091:1) 



- Motor revolutions 



(3) Shaft revolutions (0x6091:2) 



- Shaft revolutions 



Note 3) When using the electric gear function of the drive, you cannot utilize the 



highest resolution of the encoder. Therefore, use the function of the upper level 



controller if possible. 



Forward (CCW) Reverse (CW) 
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  Brake 



Outputs signals to control the brake when the servo is turned on or off. 



 



Figure 3-2.7 



 



(1) PWM Off Delay Time (0x2011) 



- Set the amount of time to delay until the PWM is actually turned off after the servo 



off command is given. 



(2) Dynamic Brake Control Mode (0x2012) 



- This specifies the control mode of the dynamic brake when the servo is turned off. 



(3) Brake Output Speed (0x2407) 



- Set the speed at which the brake signal is output when the motor is stopped by the 



servo off or servo alarm.  



(4) Brake Output Delay time (0x2408) 



- Set the amount of time to delay an output signal for braking when the motor is 



stopped by the servo off or servo alarm control signal. 
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 Emergency stop 



This specifies the method to stop the drive on emergency stop (when entering POT, NOT, 



or ESTOP). In torque control mode, the decelerating to stop mode using emergency stop 



torque is not applied. 



 



Figure 3-2.8 



 



Setting 



values 



Details 



0 The motor will stop according to the method set in the dynamic 



brake control mode (0x2012)). 



It will stop using the dynamic brake, and then maintain the torque 



command at 0. 



1 Decelerates to stop using the emergency stop torque (0x2113). 



Table3 Emergency Stop Configuration 



 



(1) Emergency Stop Configuration (0x2013) 



- This specifies the method to stop the drive on emergency stop (when entering POT, 



NOT, or ESTOP). In torque control mode, the decelerating to stop mode using emer-



gency stop torque is not applied. 



(2) Emergency Stop Torque (0x2113) 



- This specifies the stop torque on emergency stop (when entering POT, NOT, or ES-



TOP). 











  3. Structure of Drive CM 



 



  28 



 Torque Limit 



 



Figure 3-2.9 



 



(1) Torque Limit Selection (0x2110) 



- This specifies the function to limit the output torque of the drive. 



(2) Ext. Positive Torque Limit Value (0x2111) 



- This specifies the external positive torque limit value according to the torque limit 



function setting (0x2110). 



(3) Ext. Negative Torque Limit Value (0x2112) 



- This specifies the external negative torque limit value according to the torque limit 



function setting (0x2110). 



(4) Positive Torque Limit Value (0x60E0) 



- This sets the limit of positive torque values. 



(5) Negative Torque Limit Value (0x60E1) 



- This sets the limit of negative torque values. 



(6)  Maximum Torque (0x6072) 



- This sets the maximum torque that the motor can output in 0.1% increments of the 



rated torque. 
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 Index Configuration (L7P only) 



 



Figure 3-2.10 



(1) Control Mode (0x3000) 



- This specifies the position control mode in the drive.  



(2) Coordinate Select (0x3001) 



- This specifies a coordinate system to be used for indexing position control of the 



drive. 



(3) Modulo Factor (0x240C) 



- This specifies the factor for using the Modulo function. The user has to set the posi-



tion value corresponding to one revolution during motor drive. 



(4) Baud Rate (0x3002) 



- This specifies the serial communication speed between the upper level controller and 



drive through RS-422. 



- 9600, 19200, 38400, 57600[bps] 



(5) Pulse Input Logic (0x3003) 



- This specifies the logic of the position control input pulse when the upper level con-



troller uses the positioning module.  











  3. Structure of Drive CM 



 



  30 



 



Setting values 



0: Phase A+B (positive logic) Phase A + B positive logic 



1: CW+CCW (positive logic) CW+CCW positive logic 



2: Pulse+Direction (positive logic) Pulse+sign positive logic 



3: Phase A+B (negative logic) Phase A + B negative logic 



4: CW+CCW (negative logic) CW+CCW negative logic 



5: Pulse+Direction (negative logic) Pulse+Sign negative logic 



Table 4 Rotation direction by type and logic of position command input pulses 



(6) Pulse Input Filter(0x3004) 



- This specifies the filter frequency band corresponding to the pulse input. The deter-
mination of the frequency bands is based on the input pulse width in accordance 
with digital filter's characteristics. 



(7) PCLR Mode (0x3005) 



- Select operation type for position pulse clear mode. 



- Enable in edge or Enable in Level 



(8) Encoder Output (0x3006) 



- This specifies the pulse input logic when the upper level controller's positioning 
module is used. 



(9) Encoder Output Mode (0x3007) 



This specifies whether to output also in the open collector method in addition to the 
default line drive method when servo outputs the encoder signal to the outside. 



(10) Start Index Number (0x3008) 



- This specifies the index number (0~63) for operation when starting Indexing Position 
operation. 



(11) Index Buffer Mode (0x3009) 



- This specifies how many times the START (operation start) signal is remembered dur-



ing Indexing Position operation. 
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3.2.3 Regenerative Resistor (L7NH and L7P only) 



 



Figure 3-2.11 



 



(1) Use External Resistor (0x2009) 



- If not selected, the regenerative resistance embedded in the drive is used. If selected, 



the regenerative resistance separately fitted on the exterior of the drive is used. 



(2) Resistor Value (0x200B) 



- Use the ohm unit to set the value of the regenerative resistance separately fitted. 



(3) Resistor Power (0x200C) 



- Use the watt unit to set the value of the regenerative resistance separately fitted. 



(4) Resistor Peak Power (0x200D) 



- Use the watt unit to set the max capacity allowed for the regenerative resistance 



separately fitted. 



(5) Resistor Time at Peak Power (0x200E) 



- Use the ms unit to set the time allowed for the max capacity (Resistor Peak Power 



value) of the regenerative resistance separately fitted. 



(6) Derating Factor (0x200A) 



- This specifies the derating factor which checks for regenerative resistance overloads. 
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3.2.4 Drive Information  



Displays the basic information on the drive, including the version. 



 



Figure 3-2.12 Drive Information 



 



(1) Drive Family (0x1008) 



- Displays the drive name. 



(2) Hardware Version (0x1009) 



- Displays the hardware version. 



(3) Software Version (0x100A) 



- Displays the software or firmware version. 



(4) Bootloader Version (0x2613) 



- Displays the bootloader version. 



(5) FPGA Version (0x2611) 



- Displays the FPGA version. 



(6) Drive Rated Current (0x2610) 



- Displays the rated current. 



(7) Node Address (0x2003) 
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- Displays the node ID configured for the node setting switch. 



(8) User Drive Name (0x240D) 



- The user can customize the drive name. The name can contain up to 16 characters. 



Push the Save button to save the name in the internal memory of the drive. 
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3.3 IO CONFIG 



 



Figure 3-3 



From the main menu on the top, select a necessary menu such as IO Digital Input or 



Digital Output. 



3.3.1 Digital Input   



Use digital input signal pin of the drive I/O connecter to select from 28 input functions and input sig-



nal levels Four input contacts are assigned to PEGASUS (Input 1 to 4), 8 input contacts to L7NH (In-



put 1 to 8) and 16 input contacts to L7P (Input 1 to 16). The digital inputs are automatically activated 



according to the number of contacts of the drive as shown in Figure 3-3.1 (L7P).  



Input contact number    signal input level    assigned input signal    input status    input status indicator  



 



Figure 3-3.1 Digital Input 
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(1) Input contact number (Input 1 to 16) 



- Indicates the number of the input contact of the drive. 



(Numbers of input contacts for each drive are PEGASUS: 4, L7NH: 8, L7P: 16) 



(2) Signal input level setup (High or Low) 



- For a high level signal, contact A is used. For a low level signal, contact B is used. 



(3) Allocation of input signals (28 types) 



- Select one of 28 input signals from the list box. 



(4) Input status (0 or 1) 



- The current input status is indicated as 0 or 1. 



(5) Input status indicator (Gray or Green) 



- The current input status is indicated as gray (0) or green (1). 



3.3.2 Digital Output 



You can select from 19 input functions and input signal levels using the digital output 



signal pin of the drive I/O connecter. Two output contacts are assigned to PEGASUS 



(Output 1 to 2), four output contacts to L7NH (Output 1 to 4) and 8 output contacts to 



L7P (Output 1 to 8). 



Output contact number    signal output level    assigned output signal    forced output    output status indicator  



 



Figure 3-3.2 Digital Output 
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(1) Enable forced output 



- If selected, ON/OFF of the forced output is activated. You can force the output con-



tact to turn it on or off. 



(2) Output contact number (Output 1 to 8) 



- This indicates the number of the output contact of the drive. (Number of input con-



tacts per drive: PEGASUS: 2, L7NH: 4, L7P: 8) 



(3) Signal output level setup (High, Low) 



- For a high level signal, contact A is used. For a low level signal, contact B is used. 



(4) Allocation of input signal (19 types) 



- Select one of the 19 output signals from the list box. 



(5) Forced output (ON or OFF) 



- Force the contact output to turn ON or OFF. (only when Enable forced output is se-



lected) 



(6) Output status indicator (Gray or Green) 



- The current output status is indicated as gray (0) or green (1) 



 



3.3.3 Analog Input (L7NH: CH1 and L7P : CH1 and CH2 only) 



 



Figure 3-3.3 
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 CH1 (Analog Torque Limit) 



You can limit the drive output torque to protect the machine. It can be set by the torque 



limit function (0x2110). 



(1) Analog Torque Limit Scale (0x221C) 



- This specifies the scale of the analogue input value. 



(2) Analog Torque Limit Offset (0x221D) 



- This specifies the analogue voltage offset controlled by the analogue torque limit 



(3) Current Torque Limit Value (0x2615) 



- This indicates the voltage in mV, which is inputted to the analogue input channel 1. 



 



 CH2 (Analog Velocity Override) 



You can use the analogue voltage to override the velocity. 



(1) Use Analog Velocity Override Mode (0x221E) 



- This specifies whether to use the function that uses the analogue voltage to override 



the velocity. 



(2) Analog Velocity Override Offset (0x221F) 



- This specifies the analogue voltage offset inputted to the analogue velocity override. 



(3) Current Velocity Override Value (0x2616) 



- This indicates the voltage in mV, which is inputted to the analogue input channel 2. 
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3.3.4 Analog Monitor (PEGASUS: CH1 and L7NH, L7P: CH1 and CH2 



only) 



You can specify the output of the analogue monitor in order to monitor the gain tuning 



or the internal state variables of the drive. 



 



Figure 3-3.4 



(1) Always Output with Absolute Value (0x2220) 



- Specify the output mode of the analogue monitor. If selected, +/- values are output. 



If not selected, only + values are output.  



(2) Channel 1 Select (0x2221) 



- Configure the monitoring variables to be output to the analog monitor output chan-



nel 1. 



(3) Channel 1 Offset (0x2223) 



- Subtract the offset value from the monitoring variable of the analog monitor output 



channel 1 to determine the final output. The unit will be that of the variable config-



ured in "Channel 1 Select" of the Analog Monitor. 



(4) Channel 1 Scale (0x2225) 



- This specifies the scaling of the variable to be output per 1 V when outputting the 



monitoring variable configured as the analog output channel 1. The unit will be that 



of the variable configured in "Channel 1 Select" of the Analog Monitor per 1 V. 



(5) Channel 2 Select (0x2222) 



- Configure the monitoring variables to be output to the analog monitor output chan-



nel 2. 
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(6) Channel 2 Offset (0x2224) 



- Subtract the offset value from the monitoring variable of the analog monitor output 



channel 2 to determine the final output. The unit will be that of the variable config-



ured in "Channel 2 Select" of the Analog Monitor. 



(7) Channel 2 Scale (0x2226) 



- When outputting the monitoring variable configured as the analog monitor output 



channel 2, this function will set the scaling of the variable to be output per 1 V. The 



unit will be that of the variable configured in "Channel 2 Select" of the Analog Moni-



tor per 2 V. 
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3.4 FAULT 



You can set up the servo alarm and warning. 



3.4.1 Fault 



 



Figure 3-4.1 



From the main menu on the top, select a necessary menu such as Fault  Fault Configu-



ration or Fault History. 



Drive CM's Fault function can specify various levels and masks related to the drive alarms 



and uses the Alarm History to display the most recent 16 alarm codes and their messages.  



 Fault Configuration 



 



Figure 3-4.2 
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  AL-51 (POS following) 



Alarm for excessive positional error 



(1) Following Error Window (0x6065) 



- Set the positional error range for checking the following errors.  



(2) Following Error Timeout (0x6066) 



- Set the excess of time for checking the following errors. 



  AL-50 (Overspeed Limit) 



Overspeed alarm 



(1) Overspeed Detection Level (0x230F) 



- This specifies the level to detect overspeed alarms (AL-50). 



 AL-53 (Excessive SPD Deviation) 



Alarm for excessive speed errors 



(1) Excessive Speed Error Detection Level (0x2310) 



- This specifies the level to detect excessive speed error alarms (AL-53). 



 AL-42 (Main Power Fail), W-01 



Alarm for a main power failure. Alarm for main power phase loss. 



(1) Main Power Fail check mode (0x2006) 



- This specifies the main power input mode and the processing method if phase loss 



occurs. 



(2) Main Power Fail check time (0x2007) 



- This sets the time to check the phase loss in the main power system. 



 AL-21 (Continues overload) 



Alarm for continuous overload 



(1) Overload check level (0x200F) 



- This sets the load factor where the continuous overload begins to accumulate.  



(2) Overload warn level (0x2010) 



- This specifies the output level of the continuous overload warning (W10). 
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 Warn Mask (0x2014) 



If selected, the warning is masked. A masked warning will not be triggered. 



 Safe Torque Off(STO) ( 15 bit of 0x2014) 



When you use this function (if it is not connected in STO), statusword fault bit is set, you 



can reset by using fault reset bit of controlword 



When you use not this function (if it is not connected in STO), statusword fault bit isn’t set. 



 AL-34 (Encoder Z-phase open) (14 bit of 0x2014) 



If you use this function, AL-34(Z open) will not be triggered. 



When you operate motor like as Step motor, you can use it.  



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 Alarm History 



(1) Read 











3. Structure of Drive CM .  



 



 



 



Figure 3-4.3 



 



- Pressing the Read button in the alarm history displays the most recent alarms (up to 



16) that have occurred to the drive. Number one is the latest alarm. 



(2) Clearing Alarm History 



 



Figure 3-4.4 



 



(3) You can reset the Alarm History. After resetting, the alarms show "[00]No error", as 



shown in the figure. Fault(Alarm) Reset 



- If an alarm occurs, the alarm can be reset to clear it. 



- Please click on Fault (Alarm) Reset or figure 3-4.5 ‘Reset Servo Alarm’ shortcut icon. 



 



Figure 3-4.5 
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(When an alarm occurs)      (After the alarm has been reset) 



Figure 3-4.6 
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3.5 MONITORING 



Drive CM provides Real-Time Data Trace, Trigger and Cyclic Monitor functions that dis-



play the information in two graphs and one text format. In particular, the Trigger moni-



tor supports FFT, through which you can find the resonance frequency of the drive to be 



used for setting up the Notch Filter. In addition, the monitored graph data can be saved 



as a text or image file. 



 



Figure 3-5 



From the top main menu, select a necessary menu such as Monitoring  Trace/Trigger 



Graph or Cyclic Monitor. 
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3.5.1 Trace / Trigger Graph 



 



Figure 3-5.1 



Drive CM can use Tracer or Trigger Monitor for up to four channels as shown in Figure 3-5.1. In 



the Procedures menu, you can select Procedures  Manual Jog, Program Jog, PTP Move or oth-



er options while monitoring the operating state.  



 



 Y-Axes (Channels) 



 



Figure 3-5.2 



 



(1) Ch1, Ch2, Ch3 and Ch4 



- The channel check box only specifies whether to display the graph on the screen; for 



a channel that you don't trace or trigger, select "Not Selected" in (3). 



(2)  



- Select the line colors (15 in total) of the channel graph. 
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(3) Select the monitoring variable for each channel (Velocity Feedback[rpm]) 



- Select the items of the channel graph to be monitored. 



(4) Auto 



- This selects the range of Y axis of the channel graph automatically. (If unchecked, Y 



axis is determined by manual setting in (5).) 



(5)  Ymin and Ymax 



- This is the range of Y axis of the channel graph that the user has to set manually. Use 



the unit according to the monitoring variable set up in (3). If Velocity Feedback[rpm] 



is selected, Ymin and Ymax will have the range of -100[rpm] to 100[rpm] in Figure 



3-5.2. 



 



 X-Axis (Time Base) 



 



Figure 3-5.3 



 



(1) Mode 



- For Trace, select "Continues". For Trigger, select "Triggered". 



(2) Sampling Time 



- When all of four channels are used, the default is 20ms. (Each channel needs at least 



5msec. If a lower sampling time is set, the graph may be distorted.) 



(3) Time span for X axis 



- This specifies the time span for X axis of the graph. (The number of time spans can 



be set by 100 units for Trace but, for Trigger, it should be 256, 512, or 1024.)  
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The X axis of the graph indicates the time (sec). In the above Figure 3-7.2, if the 



sampling time for one channel is 20ms and the time span is 250, the length of X axis 



is 0.02 * 250 = 5 seconds. It means that 250 data pieces sampled in every 20ms will 



be displayed on the X axis. 
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 Trigger 



 



Figure 3-5.4 



(1) Source 



- Select a source channel to trigger ("Immediate Trigger" can be activated instantly). 



(2) Edge 



- Select the edge to trigger; positive or negative. 



(3) Level 



- Set the trigger level. (Use the unit according to the source type.) 



(4) Position 



- Select somewhere between the trigger point 0 and 100% (If 0 is selected, the trigger 



point is located at the left end of the graph. If 100 is selected, it is located at the 



right end). 



(5) Mode 



- Select a trigger mode: "Single" for one time; "Normal" for continuous. 



(6) Show charts by FFT 



- When the trigger is completed and checked, an analysis graph converted to FFT is 



displayed. (Refer to Figure 3-5.5) Set up Notch Filter properly to reduce the vibration by 



detecting the resonance frequency in the normal time and analyzing the results. 



(You can access and set up Notch Filter by using 'Gain Window' in Figure 3-7.4, or 



'Advanced' 'Controls'  'Current Loop' from the top menu.) 



(7) Trig Status 



- Trigger progress is displayed by using Progress Bar. 
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Figure 3-5.5 



 



Figure 3-5.5 shows an example of a single trigger as presented in Figure 3-5.4, 



where the source channel is "Velocity Feedback[rpm]"; Trigger Level is 100[rpm] at 



the positive edge; and the graph's Trigger Position  is located at 50% (center). 



 



 Cursor Measurement 



 



Figure 3-5.6 



- Check Cursor Enabled on the right side in figure 3-5.1. At the time, vertical bars are 



displayed in each channel-specific graph. In the channel graph to be measured, click 



and move the blue vertical bar by using the left mouse button to measure X1 and Y1 



values. Then, click and move the orange vertical bar by using the left mouse button 



to measure X2 and Y2 values. This way, you can get the difference between the two 



points (ΔX and ΔY) and Freq. 
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 Start and Stop of Trace / Trigger Monitor 



 



Figure 3-5.7 



 



Once Trace / Trigger Monitor setup is completed, you can monitor the operation 



state in graph after pressing the Start button as shown in Figure 3-5.7. Pressing the 



'Stop' button will stop the movement of the graph. 



 



(1) Zoom 



- Select the Zoom button.  Press the left mouse button and drag on the channel 



graph to be zoomed to specify the zoom area and release the button. If you double 



click, zoom setting is initialized. 



(2) Pan 



- Select the Pan button. Press the left mouse button (hand shaped icon shown) on the 



channel graph and move left and right to view it in a panorama format. If you dou-



ble click, zoom setting is initialized. 



- Place the mouse cursor on the channel graph and roll the mouse wheel forward or 



backward to zoom in or out the X axis.  



(3) Save(Save Image) 



- Save the current graph as an image file in PNG format. 



(4) Save(Save as Data) 



- Save the current graph as a text file with extension ".lsm". 



(5) Data(Open Data) 



-  Read and display a file that is saved as an ".lsm" text file. 



(6) Gain Window 



- Pressing this button displays the window as shown in Figure 3-5.8. You can use the 



Trace / Trigger graph displayed to set up Position Loop, Velocity Loop and Current 



Loop. 
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Figure 3-5.8 



 



 



 



 



 



 



 



 



 



 



 



 Position Loop 
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(1) Position loop gain 1 (0x2101) 



- This specifies position loop gain 1. This specifies the whole responsiveness of the po-



sition controller. As the setting increases, the responsiveness gets higher. Too large 



setting value may cause vibration depending on the load. 



(2) Velocity feed-forward gain (0x210C) 



- This specifies the Velocity Feed-forward Gain. This specifies the feedforward gain for 



the speed command during position control. The larger the setting is, the less the 



positional error is. If you set a too large value depending on the load, vibration or 



overshoot may occur. When adjusting the gain, increase the setting gradually. 



(3) Velocity feed-forward filter time (0x210D) 



- This specifies the Time Constant of the Velocity Feed-forward Filter. This applies low 



pass filter to the compensated amount added to the speed command by the speed 



feedforward gain. You can enhance the system stability by using it when you set a 



large speed feedforward gain or when there is excessive change in position com-



mand. 



(4) Position cmd filter time (0x2109) 



- Sets position command filter time constant. This applies a low pass filter for position 



command to smoothen the position command. Especially, this can be used for set-



ting a higher gear ratio. 



(5) Position cmd average filter time (0x210A) 



- Sets position command average filter time constant. This applies a moving average 



filter for position command to smoothen the position command.  



 



 



 



 



 



 



 



 



 Velocity Loop 



(1) Inertia Ratio (0x2100) 
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- Sets inertia ratio. This specifies the ratio of the load inertia to the motor's rotor iner-



tia in %.  



Inertia ratio = Load inertia / Motor's rotor inertia x 100 



The inertia/load ratio is an important control parameter for the operation of the ser-



vo. It is crucial to set the correct inertia ratio for optimal servo operation. You can es-



timate the inertia ratio by auto gain tuning. The ratio will be continuously estimated 



during operation if you carry out real-time gain tuning. 



(2) Speed loop gain 1 (0x2102) 



- This specifies speed loop gain 1. This specifies the whole responsiveness of the speed 



controller. To make the whole responsiveness of the system higher, you have to set 



the speed loop gain large as well, along with the position loop gain. Too large setting 



value may cause vibration depending on the load. 



(3) Speed loop integral time 1 (0x2103) 



- This specifies speed loop integral time constant 1. This specifies the integral time 



constant of the speed controller. If you set it larger, error will be reduced at the 



steady state (stopped or driving at constant speed), but vibration may occur at a 



transient state (while accelerating or decelerating). 



(4) Speed feedback filter time (0x210B) 



- This specifies the Time Constant of the Speed Feedback Filter. This applies a low pass 



filter to the speed feedback signal calculated from the encoder. In case that system 



vibration occurs or vibration occurs when a gain load with too large of an inertia is 



applied, you can suppress the vibration by setting appropriate value. 



(5) Torque feed-forward gain (0x210E) 



- This specifies the Torque Feed-forward Gain. This specifies the feedforward gain for 



the torque command during speed control. 



(6) Torque feed-forward filter time (0x210F) 



- This specifies the Time Constant of the Torque Feed-forward Filter. This applies low 



pass filter to the compensated amount added to the torque command by the torque 



feedforward gain. 



 Current Loop 



(1) Torque command filter time (0x2104) 



- This specifies Torque Command Filter Time Constant 1. This applies a low pass filter 



for torque command. You can improve the system stability by setting an appropriate 



value to smoothen the torque command. If you set it too large, the delay for the 



torque command will be longer, reducing the system responsiveness. 



(2) Current controller gain (0x2514) 
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- This specifies the current controller gain. Lowering the setting value will reduce the 



noise, but the drive's responsiveness decreases as well. 



(3) Notch Filter 1 Frequency (0x2501) 



- This specifies the frequency of the notch filter 1. 



(4) Notch filter 1 width (0x2502) 



- This specifies the width of the notch filter 1. 



(5) Notch filter 1 depth (0x2503) 



- This specifies the depth of the notch filter 1. 



(6) Notch filter 2 frequency (0x2504) 



- This specifies the frequency of the notch filter 2. 



(7) Notch Filter 2 width (0x2505) 



- This specifies the width of the notch filter 2. 



(8) Notch filter 2 depth (0x2506) 



- This specifies the depth of the notch filter 2. 



(9) Notch filter 3 frequency (0x2507) 



- This specifies the frequency of the notch filter 3. 



(10) Notch Filter 3 width (0x2508) 



- This specifies the width of the notch filter 3. 



(11) Notch filter 3 depth (0x2509) 



- This specifies the depth of the notch filter 3. 



(12) Notch filter 4 frequency (0x250A) 



- This specifies the frequency of the notch filter 4. 



(13) Notch Filter 4 width (0x250B) 



- This specifies the width of the notch filter 4. 



(14) Notch filter 4 depth (0x250C) 



- This specifies the depth of the notch filter 4. 



 



 On-line Tuning 
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(1) On-line tuning mode (0x250D) 



- Set Real-time gain tuning mode.  



-  Real-time gain tuning-use.  Real-time gain tuning –disuse 



 



(2) System rigidity (0x250E) 



- Set the stiffness of the system to be applied during gain tuning. The overall gain will be 



set greatly or small after tuning according to the setting. Automatically changeable 



gain is as follow after tuning gain.  



- Inertia ratio(0x2100), Position loop gain 1(0x2001), Speed loop gain 1(0x2102), 



Speed integral time constant 1(0x2103), Torque command filter time constant 



1(0x2104), Notch filter 3 frequency(0x2507), Notch filter 4 frequency (0x250A) 



(3) Tuning adaptation speed (0x250F) 



- Set speed reflected change of gain during Real-time gain tuning. The higher setting 



value, the faster change of gain reflects.  
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3.5.2  Cyclic Monitor  



 Velocity 



 



 
Figure 3-5.9 



 



(1) Feedback Speed (0x2600) 



- This shows the current rotation speed of the motor. 



(2) Command Speed (0x2601) 



- This represents the speed command input to the speed control loop of the drive. 



(3) Velocity Actual Value (0x606C) 



- This displays the actual speed value in user-defined units. 



(4) Velocity Demand Value (0x606B) 



- This displays the output speed of the position controller or the command speed input 



to the speed controller. 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 Position 
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 Figure 3-5.10 



 



(1) Following Error (0x2602) 



- This represents the positional error of position control. 



(2) Position Actual Value (0x6064) 



- This displays the actual position value in the user-defined position unit (UU). 



(3) Position Demand Value (0x6062) 



- This displays the position value required in the user-set position unit (UU). 



(4) Following Error Actual Value (0x60F4) 



- This displays the actual position error during position control. 



(5) Position Actual Internal Value (0x6063) 



- This displays the actual internal position value in encoder pulses. 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 Torque (Force) 
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Figure 3-5.11 



(1) Torque Actual Value (0x6077) 



- This displays the actual torque value generated by the drive in 0.1% increments of 



the rated torque. 



(2) Torque Demand Value (0x6074) 



- This displays the current torque demand value in 0.1% increments of the rated 



torque. 



 Overload 



 



 Figure 3-5.12 



(1) Accumulated Operation Overload 



- This represents the accumulated operation overload rate. When the value of the ac-



cumulated operation overload rate reaches the overload warning level setting 



(0x2010), the operation overload warning (W10) will occur; when it reaches 100%, 



the operation overload alarm (AL-21) will occur. 



(2) Instantaneous Max. Operation Overload (0x2604) 



- This represents the maximum value of the operation overload rate output instanta-



neously from the drive. This value can be initialized by the initialization of the instan-



taneous maximum operation overload. 



(3) RMS Operation Overload 



- This represents average value of operation overload rate for 15 seconds.  



(4) Accumulated Regeneration Overload (0x2606) 



- This represents the accumulated overload rate of the regenerative resistor due to re-



generative operation. In case that the value of the accumulated regenerative over-



load rate reaches 100%, a regenerative overload alarm (AL-23) will be generated. 
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 Encoder 



 
Figure 3-5.13 



(1) SingleTurn Data (0x2607) 



- This represents the single-turn data of the motor. Values ranging from 0 to (encoder 



resolution-1) are displayed. 



(2) Mechanical Angle (0x2608) 



- This represents the single-turn data of the motor, ranging from 0.0 to 359.9. 



(3) Electrical Angle (0x2609) 



- This represents the electrical angle of the motor, ranging from -180.0 to 180.0. 



(4) MultiTurn Data (0x260A) 



- This represents the multi-turn data of multi-turn encoder. 
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 General 



 



Figure 3-5.14 



(1) Drive Temperature 1 (0x260B) 



- It indicates Drive Internal Temperature 1. It is the temperature measured by the tem-
perature sensor integrated onto the drive power board. If the measurement is higher 
than 95℃, the drive overheat alarm 1 (AL-22) will be generated. 



(2) Drive Temperature 2 (0x260C) 



- It indicates Drive Internal Temperature 2. This represents the temperature measured 
by the temperature sensor integrated onto the drive control board. If the measure-
ment is higher than 90℃, the drive overheat alarm 2 (AL-25) will be generated. 



(3) Encoder Temperature (0x260D) 



- It indicates Encoder Internal Temperature. This represents the temperature measured 
by the temperature sensor integrated into serial encoder provided by LS Mecapion (if 
the setting values of the encoder type (0x2001) are 3, 4, 5, and 6). If the measured 
temperature is higher than 90℃, the encoder overheat alarm (AL-26) will be gener-
ated. 



(4) Hall Signal Value (0x2612) 



- This represents the signal of the hall sensor installed in the encoder (or motor). This 
can be used to verify the connection status of the hall sensor signal or compare the 
U-/V-/W-phases of the motor with the direction of the hall sensor signal. 



(5) Warning Code (0x2614) 



- It indicates a Warning Code which has occurred in the Drive. 



(6) DC Link Voltage (0x2605) 



- This represents the DC link voltage by the main power input. 



(7) 7 Segment Display (0x2008) 



- It indicates a 7-Segment for indicating servo status. 



 



 



Setting 



value 
Display Item Unit Description 
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0 Operation Status -  



1 Speed Feedback rpm, mm/s  



2 Speed Command rpm, mm/s  



3 Torque Feedback 0.1%  



4 Torque Command 0.1%  



5 
Accumulated Operation 



Overload 



0.1% 
 



6 DC Link Voltage V  



7 
Accumulated Regenera-



tion Overload 



0.1% 
 



8 Machine Degree 0.1deg  



9 Electrical Degree 0.1deg  



10 Inertia Ratio %  



11 
Drive Temperature 1 °C Surrounding of near drive power 



module 



12 Drive Temperature 2 °C Drive Internal Temperature 



13 Encoder Temperature 1 °C Encoder Internal Temperature 



14 Node ID -  



15 Overload Max. value   



16 Overload average value   
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3.5.2 Comm. Packet Viewer 



This is a window for debugging the communication status between Drive CM and the 



servo drive. 



 



Figure 3-5.15 Comm. Packet Viewer 



 



In the window, the packets are composed of transmission time, I/O (write and input) sta-



tus and transmission data. "Write" indicates the packet that is output from Drive CM to 



the servo drive. "Input" indicates the packet that is returned from the servo drive to Drive 



CM. 
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Figure 3-5.16 Comm. Packet Viewer 



 



(1) Enabled 



- Enables the packet communications. 



(2) Auto Clear 



- Automatically clears when the packet data exceeds 2000 lines in the display window. 



(3) String Filter 



- When String Filter is selected, only the packet that includes the text in the Editor on 



the right is displayed on the debugging window.  



(4) Save 



- Save the packet data in the display window as a text file. 



(5) Clear 



- Clears the packet data in the display window. 



(6) Tx/sec, Rx/sec  



- Rates of the packet data written or input per second are displayed by using the pro-



gress bar. 
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3.6 PROCEDURES 



 



Figure 3-6 



From the top main menu, select a necessary menu such as Procedures Manual Jog or 



Program Jog. 



3.6.1 Program Jog 



Programmed jog operation is a function to verify a servo motor's operation with a speed 



control function by presetting the operation speed and time, without an upper level con-



troller. 



 



Figure 3-6.1 
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(1) Speed (Jog Speed 1, 2, 3, and 4) (0x2304, 0x2305, 0x2306 and 0x2307) 



- Use the scroll bar or text to select 1, 2, 3 or 4 to set the speed of the programmed 



jog operation. 



(2) Time (Jog Time 1, 2, 3, and 4) (0x2308, 0x2309, 0x230A, and 0x230B) 



- Use the scroll bar or text to select 1, 2, 3 or 4 to set the time of the programmed jog 



operation. 



(3) Acceleration Time (0x2301) 



- Use the scroll bar or text to set the Speed Command Acceleration Time. 



(4) Deceleration Time (0x2301) 



- Use the scroll bar or text to set the Speed Command Deceleration Time (0x2302). 



(5) S-curve Time (0x2302) 



- Use the scroll bar or text to set the Speed Command S-curve Time. 



(6) Feedback Speed (0x2600) 



- This shows the current rotation speed of the motor. 



(7) Feedback Position (0x6064) 



- This displays the actual position value in the user-defined position unit (UU). 



(8) Servo-Lock (0x2311) 



- During the speed control operation, the servo position will not be locked even when 



0 is entered for a speed command. This is due to the characteristic of speed control; 



at this moment, you can lock the servo position by using the servo-lock function.  



 



When the setup is finished, press "Drive Enable" and then "Run" button to start opera-



tion. 
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3.6.2 Manual Jog 



Manual Jog is a function to check the servo motor's operation using the speed control, 



without the help of an upper level controller. 



 



Figure 3-6.2 



 



(1) Speed (0x2300) 



- Use the scroll bar or text to set the jog operation speed. 



(2) Acceleration Time (0x2301) 



- Use the scroll bar or text to set the Speed Command Acceleration Time. 



(3) Deceleration Time (0x2302) 



- Use the scroll bar or text to set the Speed Command Deceleration Time. 



(4) S-curve Time (0x2302) 



- Use the scroll bar or text to set the Speed Command S-curve Time. 



(5) Feedback Speed (0x2600) 



- This shows the current rotation speed of the motor. 



(6) Feedback Position (0x6064) 



- This displays the actual position value in the user-defined position unit (UU). 



(7) Servo-Lock (0x2311) 
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- During the speed control operation, the servo position will not be locked even when 



0 is entered for a speed command. This is due to the characteristic of speed control; 



at this moment, you can lock the servo position by using the servo-lock function. 



 



When the setup is finished, press "Drive Enable" and then select "Reverse" or "Forward" 



to start operation. 
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3.6.3 Auto-Tuning 



Use the command generated by the drive itself to automatically set the gain according to 



the load condition. 



 



Figure 3-6.3 



 



(1) System Rigidity for Tuning (0x250E) 



- The system rigidity value is set during the gain tuning to get the entire gain higher or 



lower. Set the appropriate value depending on the rigidity of the driven load. 



(2) Tuning Direction (0x2510) 



- This specifies the operation direction (CW or CCW) of the off-line gain tuning and 



generates a Sinusoidal command. 



(3) Tuning Distance (0x2511) 



- This specifies the movement distance of offline gain tuning; the larger the value is, 



the longer the distance is. Set the distance according to the current conditions. 



(4) Use On-line tuning (0x250E) 
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- If selected, the online gain tuning is used. (When you use this option, set "Tuning 



Adaptation Speed" in the following.) 



(5) Tuning Adaptation Speed (0x250F) 



- This specifies the speed reflecting the changes of gain when performing an on-line 



gain tuning. The larger the setting value is, the faster the gain change is reflected. 



(6) Tuning 



- When all the settings are completed, press the tuning button to start tuning. As 



shown in Figure 3-8.3, the variations after tuning are displayed in the following or-



der: the Inertia ratio, position loop gain, speed loop gain, speed integral time con-



stant, torque command filter time constant, notch filter 3 frequency, and notch filter 



4 frequency. 
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3.6.4 PTP Movement  



You can use the Profile Position (PP) mode to set the profile speed (0x6081), profile ac-



celeration (0x6083) and deceleration (0x6084) to generate a position profile in the drive, 



and move up to the target location (0x607A). You can also set your target location 2 to 



repeat movements between the two locations. 



 



Figure 3-6.4 



 



 



 



 



 



 



 



 



 Target Position Mode 
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(1) Target Position (0x607A) 



- This specifies the target position for PP (Profile Position) mode. 



(2) Profile Velocity (0x6081) 



- This specifies the profile speed for the PP mode operation. 



(3) Profile Acceleration (0x6083) 



- This specifies the profile acceleration for the PP mode operation. 



(4) Profile Deceleration (0x6084) 



- This specifies the profile deceleration for the PP mode operation. 



 Modulo Mode 



(1) Use Modulo Function 



- If selected, it enables the appropriate panel to allow Modulo setting. 



(2) Modulo Factor (0x240C) 



- This specifies the factor for using the Modulo function. 



(3) Modulo Mode (0x240B) 



- This specifies whether to use the Modulo function. 



Table 5 Modulo Mode Setting 



 Position Window 



(1) Position Window(0x6067) 



- This sets the position reached range for the target.  



Setting values 



Not Use Modulo Function: Does not use the Modulo function. 



Always Positive Move With Modulo Function: Uses the Modulo function to move for-



ward. 



Always Negative Move With Modulo Function: Uses the Modulo function to move 



backward. 



Move Shortest With Modulo Function: Uses the Modulo function to move via the possi-



ble shortest distance. 



Move Absolute With Modulo Function: Uses the Modulo function to move to the abso-



lute value. 



Move Relative With Modulo Function: Uses the Modulo function to move to the relative 



value. 
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(2) Position Time (0x6068) 



- This sets the time it takes to reach the target position. 



(3) Stop Deceleration (0x6085) 



- This specifies the deceleration for Quick Stop.  



 Reverse and Repeat 



(1) Reverse and Repeat (Abs, move only) 



- If selected, the appropriate panel is enabled. 



(2) Target Position 2 (0x607A) 



- This specifies Target Position to be repeated. 



(3) Dwell Time (0x3100~313F :09) 



- This specifies the waiting time after having reached Target Position 1 or 2. 



 Relative Move 



(1) FB Position (0x6064) 



This displays the actual position value in user-defined position unit (UU). 



(2) Set Position (0x607C) 



- This sets the offset value for the origin of the absolute encoder or absolute external 



scale and the zero position of the actual position value (0x6064). 



(3) Relative Move 



- If checked, movement is performed to the position which is equal to the current FB 



Position plus Target Position setting. If unchecked, movement is performed to the 



Target Position. 



(4) Drive ON or Drive OFF 



- Turns Servo ON or OFF. 



(5) Move or Stop 



- Start or Stop PTP operation. 











  3. Structure of Drive CM 



 



  74 



3.6.5 Homing 



Each drive provides its own homing function. The user can set the speed, acceleration, 



offset and homing method according to the I/O parameters for the homing mode. 



 



    



Figure 3-6.5                    Figure 3-6.6 



 



 



(1) Homing Method (0x6098) 



- This specifies the homing methods: select 1, 2, 7, 8, 9, 10, 11, 12, 13, 14, 24, 28, 33, 



34, 35, -1, -2, -3 or -4. (For the information on the method numbers, refer to the 



drive manual.) 
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Methods Details 



1 Homing using the index pulse and reverse limit contact 



2 Homing using the index pulse and forward limit contact 



7~14 Homing using the index pulse and home contact 



24 Same as method 8 (does not use the index pulse) 



28 Same as method 12 (does not use the index pulse) 



33, 34 Homing to the index pulse 



35 Homing to the current position 



-1 Homing using the negative stopper and index pulse 



-2 Homing using the positive stopper and index pulse 



-3 Homing using the negative stopper only 



-4 Homing using the positive stopper only 



Not support If you didn’t select the support mode of Homing Method (Figure 3-6.6) 



(2) Switch Search Vel. (0x6099:01) 



- This specifies switch search velocity for Homing. 



(3) Marker Search Vel. (0x6099:02) 



- This specifies Zero search velocity for Homing. 



(4) Acceleration (0x609A) 



- This specifies acceleration of operation speed for homing. 



(5) Home Offset (0x607C) 



- This sets the offset value for the origin of the absolute encoder or absolute external 



scale and the zero position of the actual position value (0x6064). 



(6) Stop Deceleration (0x6085) 



- This specifies the deceleration for Quick Stop. 



(7) Move to zero position after homing (0x201E) 



- This specifies whether to move to Zero Position by Home offset[0x607C] after hom-



ing is complete. 
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3.6.6 Touch Probe 



This function rapidly captures the position value of the encoder by using external input 



(PROBE 1 and 2) signals or the Index (Z) pulse of the encoder. 



 



Figure 3-6.7 



 



(1) Enable or Disable (Bit 0 of 0x60B8) 



- This specifies whether to use the touch probe. 



(2) Trigger Mode (Bit 1 of 0x60B8) 



- Select the trigger mode: Single or Continues. 



(3) Triggered Input Signal CN1 Setting (Bit 2 of 0x60B8) 



- Enables triggers by using the touch probe input that is set at the Connector CN1 



(I/O). 



(4) Trigger Z Signal Encoder (Bit 2 of 0x60B8) 



- Enables triggers by using Z signal indexer input through the encoder 
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(5)  Enable Capture Raising Edge Positive (Bit 4 of 0x60B8) 



- Captures the position value of the rising edge. 



(6) Disable Capture Raising Edge Positive (Bit 4 of 0x60B8) 



- Does not capture the position value of the rising edge. 



(7) Enable Capture Falling Edge Negative (Bit 5 of 0x60B8) 



- Captures the position value of the falling edge. 



(8) Disable Capture Falling Edge Negative (Bit 5 of 0x60B8) 



- Does not capture the position value of the falling edge. 



(9) Latch Positive Edge (0x60BA) 



- This specifies the position value of latched rising edge. 



(10)  Latch Negative Edge (60BB) 



- This specifies the position value of latched falling edge. 



 



 Touch Probe Status 



(1) Active (Bit 0 of 0x60B9) 



- When the touch probe is used, the green color is displayed. When it is not used, the 



red color is displayed. 



(2) Enable Raising Edge (Bit 1 of 0x60B9) 



- Green when the position value of the rising edge is saved; red when it is not saved. 



(3) Enable Falling Edge (Bit 2 of 0x60B9) 



- Green when the position value of the falling edge is saved; red when it is not saved. 



(4) Raising Edge Update (Bit 6 of 0x60B9) 



- Turns green when the position value of the rising edge is updated. 



(5) Falling Edge Update (Bit 7 of 0x60B9) 



- Turns green when the position value of the falling edge is updated. 
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3.6.7 Motor/Hall Phase Correction 



Checking the motor wiring and hall sensor wiring in case of 3
rd



 party motor and setting 



the  



Sequence of hall sensor UVW, polarity of hall sensor signal and motor rotation direction. 



 



Figure 3-6.8 Motor/Hall Phase Correction 



 



 Operation Parameters 



(1) Torque  



- Set loading rate during operating. 



- Minimum Value : 1, Maximum value : 300 



(2) Speed 



- Set speed during operating. 



- Minimum Value 1, Maximum value 100
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 Swap motor phases 



(1) V-W swap( 0 bit of 0x2020) 



- Set motor rotation direction 



- Calculating setting value of 0x2004 Exclusive OR  



 Reverse hall polarity 



(1) Reverse U polarity(8 bit of 0x2020) 



- Hall U polarity reversal 



(2) Reverse V polarity(9 bit of 0x2020) 



- Hall V polarity reversal 



(3) Reverse W polarity(10 bit of 0x2020) 



- Hall W polarity reversal 



 Swap hall signals 



(1) U-V swap(12 bit of 0x2020) 



- Replace Hall U, Hall V  



(2) V-W swap(13 bit of 0x2020) 



- Replace Hall V, Hall W 



(3) W-U swap(14 bit of 0x2020) 



- Replace Hall W, Hall U  



 Hall signal 



It represents hall signal on the installed encoder (or Motor)  



(1) U (2 bit of 0x2612) 



(2) V (1 bit of 0x2612) 



(3) W (0 bit of 0x2612 
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3.6.8 Misc. Function 



 Absolute Encoder Reset 



 



Figure 3-6.9 Absolute Encoder Reset 



 



(1) MultiTurn Data(0x260A) 



- Indicates the multi-turn data.  



(2) Reset 



- Resets SingleTurn Data and MutiTurn Data to 0. 



 











3. Structure of Drive CM .  



 



 



Calibrate Current Offset 



 



Figure 3-6.10 Calibrate Current Offset 



 



(1) U phase current offset (0x2015) 



- Displays the offset value of phase U current. 



(2) V phase current offset (0x2016) 



- Displays the offset value of phase V current. 



(3) W phase current offset (0x2017) 



- Displays the offset value of phase W current. 



- For a drive with small to medium capacity (7.5 KW or less), this parameter is not 



used since the W phase current is not separately measured. 



(4) Calibrate 



- This function is to automatically tune the current offsets of U, V and W phases.  The 



measured values are displayed in (1), (2) and (3), respectively. 



- If you don't know the exact settings, do not set up the parameters in (1), (2) and (3) 



manually. 
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 Software Reset 



 



Figure 3-6.11 Software Reset 



 



Figure 3-6.12 Software Reset 



(1) SW Reset 



- Soft-resets the drive. 
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3.7 Advanced 



 



Figure 3-7 



3.7.1 Controls 



The Controls is composed of five block diagrams. For more information for setting up 



the blocks, refer to the drive manual. 



 Overall Block Diagram 



 



Figure 3-7.1 



 Position Loop  



 



Figure 3-7.2 
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To set up Position Loop, enter the values in the blocks. 



 Command Filter 



(1) Time (0x2109) 



- This is the Time Constant of the Position Command Filter. 



(2) Average Time (0x210A) 



- This is the Time Constant of the Position Command Average Filter. 



 Velocity Feed Forward 



(1) Gain (0x210C) 



- This indicates the Velocity Feed-forward Gain. 



(2) Filter (0x210D) 



- This is the Time Constant of the Velocity Feed-forward Filter. 



 Position control 



(1) P Gain (0x2101) 



- This is the Position Loop Gain. This specifies the whole responsiveness of the position 



controller. 



  



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 Velocity Loop 











3. Structure of Drive CM .  



 



 



 



Figure 3-7.3 



 



 Torque Feed-Forward 



(1) Gain (0x210E) 



- This indicates the Torque Feed-forward Gain. 



(2) Filter (0x210F) 



- This is the Time Constant of the Torque Feed-forward. 



 Velocity Control 



(1) P Gain (0x2102) 



- This is the Speed Loop Gain. This specifies the whole responsiveness of the speed 



controller.  



(2) I Gain (0x2103) 



- This is the Integral Time Constant of the Speed Loop. This specifies the integral time 



constant of the speed controller. If you set it larger, error will be reduced at the 



steady state (stopped or driving at constant speed), but vibration may occur at a 



transient state (while accelerating or decelerating). 



 Filter 



(1) Time (0x210B) 



- This is the Time Constant of the Speed Feedback Filter. This applies a low pass filter 



to the speed feedback signal calculated from the encoder. 



 P/PI Conversion 
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(1) Mode (0x2114) 



- P/PI control switching mode. This specifies the switch mode between PI control and 



P control. 



(2) Torque (0x2115) 



- This is the P control switching torque. 



(3) Speed (0x2116) 



- This is the P control switching torque.  



(4) Accel (0x2117) 



- This is the P control switching position error.  



(5) Following Error (0x2118) 



- This is the P control switching position error. 



 Disturbance Observer 



(1) Gain (0x2512) 



- This is the Disturbance Observer Gain. 



(2) Filter (0x2513) 



- This is the Disturbance Observer Filter Time Constant.  



 



 



 



 



 



 



 Current Loop 
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Figure 3-7.4 



 Notch Filter 



This is a filter that decelerates suddenly at certain frequencies. 



(1) Notch Filter 1 Frequency (0x2501) 



- This specifies the frequency of the notch filter 1. 



(2) Notch Filter 1 Width (0x2502) 



- This specifies the width of the notch filter 1. 



(3) Notch Filter 1 Depth (0x2503) 



- This specifies the depth of the notch filter 1. 



(4) Notch Filter 2 Frequency (0x2504) 



- This specifies the frequency of the notch filter 2. 



(5) Notch Filter 2 Width (0x2505) 



- This specifies the width of the notch filter 2. 



(6) Notch Filter 2 Depth (0x2506) 



- This specifies the depth of the notch filter 2. 



(7) Notch Filter 3 Frequency (0x2507) 



- This specifies the frequency of the notch filter 3. 



(8) Notch Filter 3 Width (0x2508) 



- This specifies the width of the notch filter 3. 



(9) Notch Filter 3 Depth (0x2509) 
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- This specifies the depth of the notch filter 3. 



(10) Notch Filter 4 Frequency (0x250A) 



- This specifies the frequency of the notch filter 4. 



(11) Notch Filter 4 Width (0x250B) 



- This specifies the width of the notch filter 4. 



(12) Notch Filter 4 Depth (0x250C) 



- This specifies the depth of the notch filter 4. 



 Command Filter 



(1) Torque Command Filter Time Constant 1 (0x2104) 



- This applies a low pass filter for torque command. 



 Torque Limit 



(1) Mode (0x2110) 



- This is the Torque limit function setup. This specifies the function to limit the output 



torque of the drive. 



(2) Int. Positive (0x60E0) 



- This is the Positive Torque Limit Value. This sets the limit of positive torque values. 



(3) Int. Negative (0x60E1) 



- This is the Negative Torque Limit Value. This sets the limit of negative torque values. 



(4) Ext. Positive (0x2111) 



- This is the External Positive Torque Limit Value. This sets the limit of external positive 



torque values according to the torque limit setup. 



(5) Ext. Negative (0x2112) 



- This is the External Negative Torque Limit Value. This sets the limit of external nega-



tive torque values according to the torque limit setup. 



(6) Max (0z6072) 



- This sets the maximum torque that the motor can output in 0.1% increments of the 



rated torque. 



 Gain Conversion 



This function is to switch between gain groups 1 and 2, as one of the gain adjustment 



methods and the positioning time may be reduced depending on the load conditions.  
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Figure 3-7.5 



 Position Control 



(1) P Gain1 (0x2101) 



- This is the Position Loop Gain. This specifies the whole responsiveness of the position 



controller. 



(2) P Gain2 (0x2105) 



- This specifies the position loop gain used as gain group 2 for gain switching. 



 Velocity Control Loop 



(1) P Gain 1 (0x2102) 



- This is the Speed Loop Gain. This specifies the whole responsiveness of the speed 



controller. 



(2) P Gain 2 (0x2106) 



- This specifies the speed loop gain used as gain group 2 for gain switching. 



(3) I Gain 1 (0x2103) 



- This specifies the integral time constant of the speed controller. 



(4) I Gain 2 (0x2107) 



- This specifies the integral time constant of the speed loop used as gain group 2 for 



gain switching. 



 Torque Command Filter 
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(1) 1 (0x2104) 



- This is the Time Constant of the Torque Command Filter. This applies a low pass filter 



for torque command. 



(2) 2 (0x2108) 



- This specifies the time constant of the torque command filter used as gain group 2 



for gain switching. 



 Gain Conversion 



(1) Waiting Time1 (0x211C) 



- This specifies the waiting time before switching from gain group 1 to gain group 2. 



(2) Conversion Time1 (0x211A) 



- This specifies the time to switch from gain group 1 to gain group 2. 



(3) Waiting Time2 (0x211D) 



- This specifies the waiting time before switching from gain group 2 to gain group 1. 



(4) Conversion Time2 (0x211B) 



- This specifies the time to switch from gain group 2 to gain group 1. 



(5) Mode (0x2119) 



- Sets gain switching mode. You can enhance the performance of the entire system by 



switching between two gain groups. According to the switching mode, manual 



switch or automatic switch can be done depending on the external input or output 



signal, respectively. 
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3.8 INDEXER (L7P only) 



 



Figure 3-8 



 



From the main menu on the top, select a necessary menu such as Indexer Index Pa-



rameter or Index Test. 



3.8.1 Index Parameter 



 



Figure 3-8.1 



 



As shown in Figure 3-8.1, you can edit 8 indices per screen from 64 indices in total. 



(For information on editing indices, refer to the manual for each index.) 



(1) Previous Index 



- Displays the previous 8 indices. 
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(2) Next Index 



- Displays the next 8 indices. 



(3) Save Index as File 



- Saves the current 64 indices as a text file. 



(4) Read Index from File 



- Reads the index data saved as a text file. 



(5) Save Index to EEPROM 



- Saves 64 indices in the drive's EEPROM. 



(6) Refresh Index Data 



- Reads again the index data from the drive. 



(7) Copy, Paste 



- Copies an index and pastes it to another index. 
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3.8.2 Indexer Test  



 



 



Figure 3-8.2 



 



(1) Start Index(0x3008) 



- Among the 64 (0 to 63) indices, select an index to start with. 



(2) Stop Deceleration (0x6085) 



- This specifies the deceleration for Quick Stop. 



(3) Current Index 



- Displays the number of the current index in operation. 



(4) Feedback Speed (0x2600) 



- This shows the current rotation speed of the motor. 
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(5) Feedback Position (0x6064) 



- This displays the actual position value in the user-defined position unit (UU). 



(6) Drive Enable or Drive Disable 



- Turns Servo ON or OFF. 



(7) START, STOP, PAUSE 



- Starts, stops or pauses the operation of the drive after the servo is on. 
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3.9 Object Dictionary  



This enables you to set up the data structure that includes the parameters, state variables, 



run commands (procedures), etc. 



 



 



Figure 3-9 



From the top main menu, select a necessary menu such as Object Dictionary Drive 



Specific Parameter or General Parameter. 



3.9.1 Drive Specific Parameter, General Parame-



ter, Cia402 Parameter 



 Parameter Type 



 



Figure 3-9.1 



(1) Basic 



- This specifies the basic parameters such as motor ID, encoder type, etc. (0x2000~) 



(2) Gain 



- This specifies the parameters related to the gain settings. (0x2100~) 



(3) I/O 



- This specifies the parameters related to I/O such as Digital Input, Digital Output, Ana-



log Input, Analog Monitor, etc. (0x2200~) 



(4) Velocity 



- This specifies the parameters related to the speed control. (0x2300~) 



(5) Misc. 



- This specifies various types of parameters. (0x2400~) 



(6) Enhanced 
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- This specifies the parameters related to the tuning and adjustment functions. 



(0x2500 -) 



(7) Monitor 



- This specifies the parameters related to monitoring. (0x2600~) 



(8) General 



- This specifies the general parameters including the communication setup. (0x1000 -) 



(9) CiA 402 



- This specifies the parameters related to CiA 402. (0x6000~) 



(10) Index 



- This specifies the parameters related to index. (0x3000~) 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 Editing Parameters 
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Figure 3-9.2 



 



(1) Once communication is established, select one item to edit from the table in Figure 



3-9.1. (e.g. Figure 3-9.2 shows the basic settings of the PEGASUS drive.) 



- The parameter values of the drive connected to the "Value(dec)" of Figure 3-9.2 are 



displayed in green. 



(2) Click and select a value from the index to edit. (An index is editable only when its 



"R/W" value is "rw".) 



- Modify the index value and press the Enter key to update the value in the drive. (It is 



not yet saved in the internal memory of the drive. When the power is turned off in 



this state, previous value is restored. For saving to memory, please select ‘Save to 



Memory’ button from the shortcut icon in Figure 3-9.3 or ‘Parameter Save to 



Memory’ in Section 3.9.2.) 



 



 



Figure 3-9.3 



 File Management and Other Functions of Parameters  
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Figure 3-9.4 



(1) Refresh 



- The values in Figure 3-9.2 is read again from the drive. 



(2) Default Set 



- The default value in Figure 3-9.2 is restored in the drive. 



(3) Save Data 



- All the items in Object Dictionary, including Figure 3-9.2, are saved as a text file. 



(4) Load Data 



- Opens the saved text file. In this case, the data values in the drive are also updated. 



(5) Decimal or Hexa Decimal 



- In Figure 3-9.2, the values (Default, Max, and Min) can be converted to Decimal or 



Hexadecimal. 



(6) Save immediately 



- When you select this option, the edited values in Figure 3-9.2 is updated in the drive 



and also saved in the internal memory at the same time. 



3.9.2 Parameter Save to Memory 



All modified parameters are saved in the internal memory of the drive.  



 



 



Figure 3-9.5 



     Select Object Dictionary Parameter Save to Memory from the top main menu or click on the 



corresponding shortcut icon. 



3.10 Setup  



 



Figure 3-10 
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It is possible to enter information required for Ethernet communication, update firmware or set the 



screen theme of Drive CM. 



3.10.1 Configuration 



 Ethernet 



 



Figure 3-10.1 



When Ethernet communication is used, IP Address information of My PC (EtherCAT Mas-



ter Configuration) and Drive (EtherCAT Slave Configuration) is automatically displayed. 



Please enter the number of drives to connect to in Slaves Count. 



 



(1) Use External Master 



- L7NH and PEGASUS drives support EoE (Ethernet over EtherCAT), one of mailbox 



protocols. Thanks to this function, multi-axis drives can be set up and monitored 



without additional wiring by using the EtherCAT wiring which connects multiple axes. 



IP Address of My PC 



IP Address of Drive 











  3. Structure of Drive CM 



 



  100 



- If checked 



 



This setting is possible when a separate EtherCAT master (ex. TwinCAT, Codesys…) is 



used which supports EoE. When operation is being performed by using the EtherCAT 



master, it is possible to set up and monitor multi-axis drives through EoE by using 



Drive CM. Please make settings by checking the EoE related details of the master be-



ing used.  



To use this function, EtherCAT communication status shall be mailbox communica-



tion-capable, that is, Pre-Operational or higher. It is possible to operate the drive in 



Drive CM only if EtherCAT communication status is Pre-Operational. In Safe-



Operational or Operational status, operation is only possible through the EtherCAT 



master.  



To use EoE while maintaining EtherCAT communication connection, check Use Ex-



ternal Master before using it. 



 



- If unchecked 



 



Drive CM can set up and monitor multi-axis drives through EoE by using the internal 



functions without the external EtherCAT master. Set each connected drive in mailbox 



communication-capable, EtherCAT communication status and make EoE-related set-



tings in each drive.  



At the time, please stop the external master function. To connect with a multi-axis 



drive without using a separate master, uncheck Use External Master before using it. 
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 RS-422 



 



Figure 3-10.2 



When RS-422 communication is used, please set Node ID, Serial COM Port and Baudrate. 



It only applies to L7P. 
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3.10.2 Firmware Update 



Drive CM allows the firmware upgrade through the PC's USB port.  The transmission 



time depends on the PC performance, but it usually takes from scores of seconds to sev-



eral minutes.  



 



 



Figure 3-10.3 



 



Select Setup Firmware Update from the top main menu or click on the corresponding 



shortcut icon. 



 Precautions for Firmware Upgrade 



 Do not turn off the PC or drive during transmission. 



 Do not unplug the USB cable or close the firmware program during transmission. 



 Do not run other applications on the PC during transmission. 



 Upgrade it after saving parameter setting value. (if you don’t, setting value can be re-



set)  



 



 Firmware Download 



 



 



Figure 3-10.5 



(1) Click the "Open Firmware Downloader" button. 
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Figure 3-10.6 



(2) To load the appropriate firmware file, click the "Load" button. 



 



 



 



Figure 3-10.7 



(3) Select the BIN file of the firmware to transmit and press the Open button. 



 



 



 



Figure 3-10.8 



(4) "Total Length" and "Total Packet" of the loaded firmware are displayed. Please check 



firmware version the drive type and capacity by comparing Current and New.  
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Figure 3-10.9 



(5) Press the "Start" button to start transmission. 10 seconds are counted down to clear 



the internal memory in the drive. (For L7NH and L7P, the segment 7 should display 



"USB". For PEGASUS, a red "ERR" LED should be illuminated.) 



 



 



 



Figure 3-10.10 



(6) After clearing, the firmware is transmitted automatically and the progress bar and 



"Current Packet" display the current transmission status. (The transmission time de-



pends on the PC performance, but it usually takes from scores of seconds to several 



minutes.) 



 



 



Figure 3-10.11 



(7) When transmission is completed, a popup saying "Transmission completed" is dis-



played.      (When transmission to the PC is completed, turn off and on the drive 



for rebooting.) 
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 An Error Occurs During Transmission 



 



 



Figure 3-10.12 



(1) Turn off and on the drive and repeat the above process from (2) to (7).  



 



 



Figure 3-10.13 



(1) Check the Drive’s type and capacity of the firmware transmitted. 



 



Figure 3-10.14 



(1) Check the firmware version. A lower version than the current version will not 



be downloaded. 
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3.10.3 Display Theme 



It is possible to change the screen theme of Drive CM. 



Basic theme                     Aero theme (Vista)             Classic theme (NT) 



               



 



Luna blue theme (XP)           Luna olive green theme (XP)      Luna silver theme (Default) 



                 



Royale theme (XP Media Center)  Zune theme (XP)               MS Blend theme 
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3.10.4 About 



It is possible to view the version and distribution date of Drive CM. 



 



Figure 3-10.5 
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 8-bit AVR Microcontroller



 ATmega16M1/32M1/64M1



 DATASHEET COMPLETE



Introduction
The Atmel® ATmega16M1/32M1/64M1 is a low-power CMOS 8-bit
microcontroller based on the AVR® enhanced RISC architecture. By
executing powerful instructions in a single clock cycle, the
ATmega16M1/32M1/64M1 achieves throughputs close to 1 MIPS per MHz.
This empowers system designer to optimize the device for power
consumption versus processing speed.



Features
• High performance, low power 8-bit AVR® microcontroller
• Advanced RISC architecture



– 131 powerful instructions - most single clock cycle execution
– 32 × 8 general purpose working registers
– Fully static operation
– Up to 1 MIPS throughput per MHz
– On-chip 2-cycle multiplier



• Data and non-volatile program memory
– 16/32/64KBytes flash of in-system programmable program



memory
– 512B/1K/2KBytes of in-system programmable EEPROM
– 1/2/4KBytes internal SRAM
– Write/erase cycles: 10,000 flash/ 100,000 EEPROM
– Data retention: 20 years at 85°C/ 100 years at 25°C (1)



– Optional boot code section with independent lock bits
• In-system programming by on-chip boot program
• True read-while-write operation



– Programming lock for flash program and EEPROM data security
• On-chip debug interface (debugWIRE)
• CAN 2.0A/B with six message objects - ISO 16845 certified
• LIN 2.1 and 1.3 controller or 8-bit UART
• One 12-bit high speed PSC (power stage controller)



– Non overlapping inverted PWM output pins with flexible dead-
time
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– Variable PWM duty cycle and frequency
– Synchronous update of all PWM registers
– Auto stop function for emergency event



• Peripheral features
– One 8-bit general purpose timer/counter with separate prescaler, compare mode and capture



mode
– One 16-bit general purpose timer/counter with separate prescaler, compare mode and



capture mode
– One master/slave SPI serial interface
– 10-bit ADC



• Up to 11 single ended channels and three fully differential ADC channel pairs
• Programmable gain (5×, 10×, 20×, 40×) on differential channels
• Internal reference voltage
• Direct power supply voltage measurement



– 10-bit DAC for variable voltage reference (comparators, ADC)
– Four analog comparators with variable threshold detection
– 100μA ±2% current source (LIN node identification)
– Interrupt and wake-up on pin change
– Programmable watchdog timer with separate on-chip oscillator
– On-chip temperature sensor



• Special microcontroller features
– Low power idle, noise reduction, and power down modes
– Power on reset and programmable brown-out detection
– In-system programmable via SPI port
– High precision crystal oscillator for CAN operations (16MHz)
– Internal calibrated RC oscillator (8MHz)
– On-chip PLL for fast PWM (32MHz, 64MHz) and CPU (16MHz)



• Operating voltage: 2.7V - 5.5V
• Extended operating temperature:



– -40°C to +85°C
• Core speed grade:



– 0 - 8MHz @ 2.7 - 4.5V
– 0 - 16MHz @ 4.5 - 5.5V
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1. Pin configurations
Figure 1-1. Atmel ATmega16M1/32M1/64M1 TQFP32/QFN32 (7mm × 7mm) package.
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1.1. Pin descriptions
Table 1-1. Pinout description.



QFN32 pin
number



Mnemonic Type Name, function, and alternate function



5 GND Power Ground: 0V reference



20 AGND Power Analog ground: 0V reference for analog part



4 VCC Power Power supply



19 AVCC Power Analog power supply: This is the power supply voltage for analog part
For a normal use this pin must be connected



21 AREF Power Analog reference: reference for analog converter . This is the reference
voltage of the A/D converter. As output, can be used by external analog
ISRC (Current Source Output)



8 PB0 I/O MISO (SPI Master In Slave Out)
PSCOUT2A (1) (PSC Module 2 Output A)



PCINT0 (Pin Change Interrupt 0)



9 PB1 I/O MOSI (SPI Master Out Slave In)
PSCOUT2B (1) (PSC Module 2 Output B)



PCINT1 (Pin Change Interrupt 1)



16 PB2 I/O ADC5 (Analog Input Channel 5)
INT1 (External Interrupt 1 Input)



ACMPN0 (Analog Comparator 0 Negative Input)



PCINT2 (Pin Change Interrupt 2)



23 PB3 I/O AMP0- (Analog Differential Amplifier 0 Negative Input)
PCINT3 (Pin Change Interrupt 3)



24 PB4 I/O AMP0+ (Analog Differential Amplifier 0 Positive Input)
PCINT4 (Pin Change Interrupt 4)



26 PB5 I/O ADC6 (Analog Input Channel 6)
INT2 (External Interrupt 2 Input)



ACMPN1 (Analog Comparator 1 Negative Input)



AMP2- (Analog Differential Amplifier 2 Negative Input)



PCINT5 (Pin Change Interrupt 5)



27 PB6 I/O ADC7 (Analog Input Channel 7)
PSCOUT1B (1) (PSC Module 1 Output A)



PCINT6 (Pin Change Interrupt 6)
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QFN32 pin
number



Mnemonic Type Name, function, and alternate function



28 PB7 I/O ADC4 (Analog Input Channel 4)
PSCOUT0B (1) (PSC Module 0 Output B)



SCK (SPI Clock)



PCINT7 (Pin Change Interrupt 7)



30 PC0 I/O PSCOUT1A (1) (PSC Module 1 Output A)
INT3 (External Interrupt 3 Input)



PCINT8 (Pin Change Interrupt 8)



3 PC1 I/O PSCIN1 (PSC Digital Input 1)
OC1B (Timer 1 Output Compare B)



SS_A (Alternate SPI Slave Select)



PCINT9 (Pin Change Interrupt 9)



6 PC2 I/O T0 (Timer 0 clock input)
TXCAN (CAN Transmit Output)



PCINT10 (Pin Change Interrupt 10)



7 PC3 I/O T1 (Timer 1 clock input)
RXCAN (CAN Receive Input)



ICP1B (Timer 1 input capture alternate B input)



PCINT11 (Pin Change Interrupt 11)



17 PC4 I/O ADC8 (Analog Input Channel 8)
AMP1- (Analog Differential Amplifier 1 Negative Input)



ACMPN3 (Analog Comparator 3 Negative Input )



PCINT12 (Pin Change Interrupt 12)



18 PC5 I/O ADC9 (Analog Input Channel 9)
AMP1+ (Analog Differential Amplifier 1 Positive Input)



ACMP3 (Analog Comparator 3 Positive Input)



PCINT13 (Pin Change Interrupt 13)



22 PC6 I/O ADC10 (Analog Input Channel 10)
ACMP1 (Analog Comparator 1 Positive Input)



PCINT14 (Pin Change Interrupt 14)



25 PC7 I/O D2A (DAC output)
AMP2+ (Analog Differential Amplifier 2 Positive Input)



PCINT15 (Pin Change Interrupt 15)



29 PD0 I/O PSCOUT0A (1) (PSC Module 0 Output A)
PCINT16 (Pin Change Interrupt 16)
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QFN32 pin
number



Mnemonic Type Name, function, and alternate function



32 PD1 I/O PSCIN0 (PSC Digital Input 0)
CLKO (System Clock Output)



PCINT17 (Pin Change Interrupt 17)



1 PD2 I/O OC1A (Timer 1 Output Compare A)
PSCIN2 (PSC Digital Input 2)



MISO_A (Programming & alternate SPI Master In Slave Out)



PCINT18 (Pin Change Interrupt 18)



2 PD3 I/O TXD (UART Tx data)
TXLIN (LIN Transmit Output)



OC0A (Timer 0 Output Compare A)



SS (SPI Slave Select)



MOSI_A (Programming & alternate Master Out SPI Slave In)



PCINT19 (Pin Change Interrupt 19)



12 PD4 I/O ADC1 (Analog Input Channel 1)
RXD (UART Rx data)



RXLIN (LIN Receive Input)



ICP1A (Timer 1 input capture alternate A input)



SCK_A (Programming & alternate SPI Clock)



PCINT20 (Pin Change Interrupt 20)



13 PD5 I/O ADC2 (Analog Input Channel 2)
ACMP2 (Analog Comparator 2 Positive Input)



PCINT21 (Pin Change Interrupt 21)



14 PD6 I/O ADC3 (Analog Input Channel 3)
ACMPN2 (Analog Comparator 2 Negative Input)



INT0 (External Interrupt 0 Input)



PCINT22 (Pin Change Interrupt 22)



15 PD7 I/O ACMP0 (Analog Comparator 0 Positive Input)
PCINT23 (Pin Change Interrupt 23)



31 PE0 I/O or I RESET (Reset Input)
OCD (On Chip Debug I/O)



PCINT24 (Pin Change Interrupt 24)
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QFN32 pin
number



Mnemonic Type Name, function, and alternate function



10 PE1 I/O XTAL1 (XTAL Input)
OC0B (Timer 0 Output Compare B)



PCINT25 (Pin Change Interrupt 25)



11 PE2 I/O XTAL2 (XTAL Output)
ADC0 (Analog Input Channel 0)



PCINT26 (Pin Change Interrupt 26)



1. Note:  Only for Atmel Atmega32M1/64M1.
2. Note:  On the engineering samples, the ACMPN3 alternate function is not located on PC4. It is



located on PE2.
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2. Ordering Information



2.1. ATmega16M1



Speed [MHz] Power Supply [V] Ordering Code Package Operational Range



16 2.7 - 5.5 ATmega16M1-AU
ATmega16M1-MU



32A
PV



Industrial
(-40°C to 85°C)



Note:  All packages are Pb free, fully LHF.



Package Type



32A 32-lead, Thin (1.0mm) Plastic Quad Flat Package (TQFP)



PV PV, 32-lead, 7.0mm × 7.0mm body, 0.65mm pitch quad flat no lead package (QFN)



2.2. ATmega32M1



Speed [MHz] Power Supply [V] Ordering Code Package Operational Range



16 2.7 - 5.5 ATmega32M1-AU
ATmega32M1-MU



32A
PV



Industrial
(-40°C to 85°C)



Note:  All packages are Pb free, fully LHF.



Package Type



32A 32-lead, Thin (1.0mm) Plastic Quad Flat Package (TQFP)



PV PV, 32-lead, 7.0mm × 7.0mm body, 0.65mm pitch quad flat no lead package (QFN)



2.3. ATmega64M1



Speed [MHz] Power Supply [V] Ordering Code Package Operational Range



16 2.7 - 5.5 ATmega64M1-AU
ATmega64M1-MU



32A
PV



Industrial
(-40°C to 85°C)



Note:  All packages are Pb free, fully LHF.



Package Type



32A 32-lead, Thin (1.0mm) Plastic Quad Flat Package (TQFP)



PV PV, 32-lead, 7.0mm × 7.0mm body, 0.65mm pitch quad flat no lead package (QFN)
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3. Overview
The Atmel ATmega16M1/32M1/64M1 is a low-power CMOS 8-bit microcontroller based on the AVR
enhanced RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmega16M1/32M1/64M1 achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.



3.1. Block diagram
Figure 3-1. Block diagram.
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The AVR core combines a rich instruction set with 32 general purpose working registers. All the 32
registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent registers to
be accessed in one single instruction executed in one clock cycle. The resulting architecture is more code
efficient while achieving throughputs up to ten times faster than conventional CISC microcontrollers.



The Atmel ATmega16M1/32M1/64M1 provides the following features: 16/32/64Kbytes of In-System
Programmable Flash with Read-While-Write capabilities, 512B/1K/2Kbytes EEPROM, 1/2/4Kbytes
SRAM, 27 general purpose I/O lines, 32 general purpose working registers, one Motor Power Stage
Controller, two flexible Timer/Counters with compare modes and PWM, one UART with HW LIN, an 11-
channel 10-bit ADC with two differential input stages with programmable gain, a 10-bit DAC, a
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programmable Watchdog Timer with Internal Individual Oscillator, an SPI serial port, an On-chip Debug
system and four software selectable power saving modes.



The Idle mode stops the CPU while allowing the SRAM, Timer/Counters, SPI ports, CAN, LIN/UART and
interrupt system to continue functioning. The Power-down mode saves the register contents but freezes
the Oscillator, disabling all other chip functions until the next interrupt or Hardware Reset. The ADC Noise
Reduction mode stops the CPU and all I/O modules except ADC, to minimize switching noise during ADC
conversions. In Standby mode, the Crystal/Resonator Oscillator is running while the rest of the device is
sleeping. This allows very fast start-up combined with low power consumption.



The device is manufactured using the Atmel high-density nonvolatile memory technology. The On-chip
ISP Flash allows the program memory to be reprogrammed in-system through an SPI serial interface, by
a conventional nonvolatile memory programmer, or by an On-chip Boot program running on the AVR
core. The boot program can use any interface to download the application program in the application
Flash memory. Software in the Boot Flash section will continue to run while the Application Flash section
is updated, providing true Read-While-Write operation. By combining an 8-bit RISC CPU with In-System
Self-Programmable Flash on a monolithic chip, the Atmel ATmega16M1/32M1/64M1 is a powerful
microcontroller that provides a highly flexible and cost effective solution to many embedded control
applications.



The Atmel ATmega16M1/32M1/64M1 AVR is supported with a full suite of program and system
development tools including: C compilers, macro assemblers, program debugger/simulators, in-circuit
emulators, and evaluation kits.



3.2. Pin descriptions



3.2.1. VCC
Digital supply voltage.



3.2.2. GND
Ground.



3.2.3. Port B (PB7..PB0)
Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port B
output buffers have symmetrical drive characteristics with both high sink and source capability. As inputs,
Port B pins that are externally pulled low will source current if the pull-up resistors are activated. The Port
B pins are tri-stated when a reset condition becomes active, even if the clock is not running.



Port B also serves the functions of various special features of the ATmega16M1/32M1/64M1 as listed on
Alternate Functions of Port B. Refer to Alternate Functions of Port B for details.



Related Links
Alternate Functions of Port B on page 100



3.2.4. Port C (PC7..PC0)
Port C is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port C
output buffers have symmetrical drive characteristics with both high sink and source capability. As inputs,
Port C pins that are externally pulled low will source current if the pull-up resistors are activated. The Port
C pins are tri-stated when a reset condition becomes active, even if the clock is not running.



Port C also serves the functions of special features of the ATmega16M1/32M1/64M1 as listed in Alternate
Functions of Port C. Refer to Alternate Functions of Port C for details.



Related Links
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Alternate Functions of Port C on page 103



3.2.5. Port D (PD7..PD0)
Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port D
output buffers have symmetrical drive characteristics with both high sink and source capability. As inputs,
Port D pins that are externally pulled low will source current if the pull-up resistors are activated. The Port
D pins are tri-stated when a reset condition becomes active, even if the clock is not running.



Port D also serves the functions of various special features of the Atmel ATmega16M1/32M1/64M1 as
listed in Alternate Functions of Port D. Refer to Alternate Functions of Port D for details.



Related Links
Alternate Functions of Port D on page 107



3.2.6. Port E (PE2..0) RESET/ XTAL1/XTAL2
Port E is an 3-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port E
output buffers have symmetrical drive characteristics with both high sink and source capability. As inputs,
Port E pins that are externally pulled low will source current if the pull-up resistors are activated. The Port
E pins are tri-stated when a reset condition becomes active, even if the clock is not running.



If the RSTDISBL Fuse is programmed, PE0 is used as an I/O pin. Note that the electrical characteristics
of PE0 differ from those of the other pins of Port E.



If the RSTDISBL Fuse is unprogrammed, PE0 is used as a reset input. A low level on this pin for longer
than the minimum pulse length will generate a reset, even if the clock is not running. The minimum pulse
length is given in System and reset characteristics. Shorter pulses are not guaranteed to generate a
Reset.



Depending on the clock selection fuse settings, PE1 can be used as input to the inverting Oscillator
amplifier and input to the internal clock operating circuit.



Depending on the clock selection fuse settings, PE2 can be used as output from the inverting Oscillator
amplifier.



The various special features of Port E are elaborated in Alternate Functions of Port E.



Related Links
CPU Clock – clkCPU on page 47
I/O Clock – clkI/O on page 48
Flash Clock – clkFLASH on page 48
Asynchronous Timer Clock – clkASY on page 48
ADC Clock – clkADC on page 48
Alternate Functions of Port E on page 110



3.2.7. AVCC
AVCC is the supply voltage pin for the A/D Converter, D/A Converter, Current source. It should be
externally connected to VCC, even if the ADC, DAC are not used. If the ADC is used, it should be
connected to VCC through a low-pass filter.



3.2.8. AREF
This is the analog reference pin for the A/D Converter.
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4. Resources
A comprehensive set of development tools, application notes and datasheets are available for download
on http://www.atmel.com/avr.
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5. About code examples
This documentation contains simple code examples that briefly show how to use various parts of the
device. Be aware that not all C compiler vendors include bit definitions in the header files and interrupt
handling in C is compiler dependent. Please confirm with the C compiler documentation for more details.



These code examples assume that the part specific header file is included before compilation. For I/O
registers located in extended I/O map, "IN", "OUT", "SBIS", "SBIC", "CBI", and "SBI" instructions must be
replaced with instructions that allow access to extended I/O. Typically "LDS" and "STS" combined with
"SBRS", "SBRC", "SBR", and "CBR".
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6. Data retention
Reliability Qualification results show that the projected data retention failure rate is much less than 1ppm
over 20 years at 85°C or 100 years at 25°C.
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7. AVR CPU Core



7.1. Overview
This section discusses the AVR core architecture in general. The main function of the CPU core is to
ensure correct program execution. The CPU must therefore be able to access memories, perform
calculations, control peripherals, and handle interrupts.



Figure 7-1. Block Diagram of the AVR Architecture
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In order to maximize performance and parallelism, the AVR uses a Harvard architecture – with separate
memories and buses for program and data. Instructions in the program memory are executed with a
single level pipelining. While one instruction is being executed, the next instruction is pre-fetched from the
program memory. This concept enables instructions to be executed in every clock cycle. The program
memory is In-System Reprogrammable Flash memory.



The fast-access Register File contains 32 x 8-bit general purpose working registers with a single clock
cycle access time. This allows single-cycle Arithmetic Logic Unit (ALU) operation. In a typical ALU
operation, two operands are output from the Register File, the operation is executed, and the result is
stored back in the Register File – in one clock cycle.



Six of the 32 registers can be used as three 16-bit indirect address register pointers for Data Space
addressing – enabling efficient address calculations. One of the these address pointers can also be used
as an address pointer for look up tables in Flash program memory. These added function registers are
the 16-bit X-, Y-, and Z-register, described later in this section.
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The ALU supports arithmetic and logic operations between registers or between a constant and a
register. Single register operations can also be executed in the ALU. After an arithmetic operation, the
Status Register is updated to reflect information about the result of the operation.



Program flow is provided by conditional and unconditional jump and call instructions, able to directly
address the whole address space. Most AVR instructions have a single 16-bit word format. Every
program memory address contains a 16- or 32-bit instruction.



Program Flash memory space is divided in two sections, the Boot Program section and the Application
Program section. Both sections have dedicated Lock bits for write and read/write protection. The SPM
instruction that writes into the Application Flash memory section must reside in the Boot Program section.



During interrupts and subroutine calls, the return address Program Counter (PC) is stored on the Stack.
The Stack is effectively allocated in the general data SRAM, and consequently the Stack size is only
limited by the total SRAM size and the usage of the SRAM. All user programs must initialize the SP in the
Reset routine (before subroutines or interrupts are executed). The Stack Pointer (SP) is read/write
accessible in the I/O space. The data SRAM can easily be accessed through the five different addressing
modes supported in the AVR architecture.



The memory spaces in the AVR architecture are all linear and regular memory maps.



A flexible interrupt module has its control registers in the I/O space with an additional Global Interrupt
Enable bit in the Status Register. All interrupts have a separate Interrupt Vector in the Interrupt Vector
table. The interrupts have priority in accordance with their Interrupt Vector position. The lower the
Interrupt Vector address, the higher the priority.



The I/O memory space contains 64 addresses for CPU peripheral functions as Control Registers, SPI,
and other I/O functions. The I/O Memory can be accessed directly, or as the Data Space locations
following those of the Register File, 0x20 - 0x5F. In addition, this device has Extended I/O space from
0x60 - 0xFF in SRAM where only the ST/STS/STD and LD/LDS/LDD instructions can be used.



7.2. ALU – Arithmetic Logic Unit
The high-performance AVR ALU operates in direct connection with all the 32 general purpose working
registers. Within a single clock cycle, arithmetic operations between general purpose registers or between
a register and an immediate are executed. The ALU operations are divided into three main categories –
arithmetic, logical, and bit-functions. Some implementations of the architecture also provide a powerful
multiplier supporting both signed/unsigned multiplication and fractional format. See Instruction Set
Summary section for a detailed description.



Related Links
Instruction Set Summary on page 419



7.3. Status Register
The Status Register contains information about the result of the most recently executed arithmetic
instruction. This information can be used for altering program flow in order to perform conditional
operations. The Status Register is updated after all ALU operations, as specified in the Instruction Set
Reference. This will in many cases remove the need for using the dedicated compare instructions,
resulting in faster and more compact code.



The Status Register is not automatically stored when entering an interrupt routine and restored when
returning from an interrupt. This must be handled by software.
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7.3.1. Status Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  SREG
Offset:  0x5F
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x3F



Bit 7 6 5 4 3 2 1 0  
 I T H S V N Z C  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – I: Global Interrupt Enable
The Global Interrupt Enable bit must be set for the interrupts to be enabled. The individual interrupt
enable control is then performed in separate control registers. If the Global Interrupt Enable Register is
cleared, none of the interrupts are enabled independent of the individual interrupt enable settings. The I-
bit is cleared by hardware after an interrupt has occurred, and is set by the RETI instruction to enable
subsequent interrupts. The I-bit can also be set and cleared by the application with the SEI and CLI
instructions, as described in the instruction set reference.



Bit 6 – T: Copy Storage
The Bit Copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T-bit as source or destination for
the operated bit. A bit from a register in the Register File can be copied into T by the BST instruction, and
a bit in T can be copied into a bit in a register in the Register File by the BLD instruction.



Bit 5 – H: Half Carry Flag
The Half Carry Flag H indicates a Half Carry in some arithmetic operations. Half Carry Flag is useful in
BCD arithmetic. See the Instruction Set Description for detailed information.



Bit 4 – S: Sign Flag, S = N ㊉ V



The S-bit is always an exclusive or between the Negative Flag N and the Two’s Complement Overflow
Flag V. See the Instruction Set Description for detailed information.



Bit 3 – V: Two’s Complement Overflow Flag
The Two’s Complement Overflow Flag V supports two’s complement arithmetic. See the Instruction Set
Description for detailed information.



Bit 2 – N: Negative Flag
The Negative Flag N indicates a negative result in an arithmetic or logic operation. See the Instruction Set
Description for detailed information.



Bit 1 – Z: Zero Flag
The Zero Flag Z indicates a zero result in an arithmetic or logic operation. See the Instruction Set
Description for detailed information.
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Bit 0 – C: Carry Flag
The Carry Flag C indicates a carry in an arithmetic or logic operation. See the Instruction Set Description
for detailed information.



7.4. General Purpose Register File
The Register File is optimized for the AVR Enhanced RISC instruction set. In order to achieve the
required performance and flexibility, the following input/output schemes are supported by the Register
File:



• One 8-bit output operand and one 8-bit result input
• Two 8-bit output operands and one 8-bit result input
• Two 8-bit output operands and one 16-bit result input
• One 16-bit output operand and one 16-bit result input



Figure 7-2. AVR CPU General Purpose Working Registers
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Most of the instructions operating on the Register File have direct access to all registers, and most of
them are single cycle instructions. As shown in the figure, each register is also assigned a data memory
address, mapping them directly into the first 32 locations of the user Data Space. Although not being
physically implemented as SRAM locations, this memory organization provides great flexibility in access
of the registers, as the X-, Y-, and Z-pointer registers can be set to index any register in the file.



7.4.1. The X-register, Y-register, and Z-register
The registers R26...R31 have some added functions to their general purpose usage. These registers are
16-bit address pointers for indirect addressing of the data space. The three indirect address registers X,
Y, and Z are defined as described in the figure.
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Figure 7-3. The X-, Y-, and Z-registers
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In the different addressing modes these address registers have functions as fixed displacement,
automatic increment, and automatic decrement (see the instruction set reference for details).



Related Links
Instruction Set Summary on page 419



7.5. Stack Pointer
The Stack is mainly used for storing temporary data, for storing local variables and for storing return
addresses after interrupts and subroutine calls. The Stack is implemented as growing from higher to
lower memory locations. The Stack Pointer Register always points to the top of the Stack.



The Stack Pointer points to the data SRAM Stack area where the Subroutine and Interrupt Stacks are
located. A Stack PUSH command will decrease the Stack Pointer. The Stack in the data SRAM must be
defined by the program before any subroutine calls are executed or interrupts are enabled. Initial Stack
Pointer value equals the last address of the internal SRAM and the Stack Pointer must be set to point
above start of the SRAM. See the table for Stack Pointer details.



Table 7-1. Stack Pointer Instructions



Instruction Stack pointer Description



PUSH Decremented by 1 Data is pushed onto the stack



CALL



ICALL



RCALL



Decremented by 2 Return address is pushed onto the stack with a subroutine call or
interrupt



POP Incremented by 1 Data is popped from the stack



RET



RETI



Incremented by 2 Return address is popped from the stack with return from subroutine or
return from interrupt



The AVR Stack Pointer is implemented as two 8-bit registers in the I/O space. The number of bits actually
used is implementation dependent. Note that the data space in some implementations of the AVR
architecture is so small that only SPL is needed. In this case, the SPH Register will not be present.
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7.5.1. Stack Pointer Register Low and High byte
The SPL and SPH register pair represents the 16-bit value, SP.The low byte [7:0] (suffix L) is accessible
at the original offset. The high byte [15:8] (suffix H) can be accessed at offset + 0x01. For more details on
reading and writing 16-bit registers, refer to Accessing 16-bit Registers.



When using the I/O specific commands IN and OUT, the I/O addresses 0x00 - 0x3F must be used. When
addressing I/O Registers as data space using LD and ST instructions, 0x20 must be added to these offset
addresses.



Name:  SPL and SPH
Offset:  0x5D
Reset:  0x4FF
Property:
 



When addressing I/O Registers as data space the offset address is 0x3D



Bit 15 14 13 12 11 10 9 8  
 SP10 SP9 SP8  



Access R R R R R RW RW RW  
Reset 0 0 0 0 0 1 0 0  



Bit 7 6 5 4 3 2 1 0  
 SP7 SP6 SP5 SP4 SP3 SP2 SP1 SP0  



Access RW RW RW RW RW RW RW RW  
Reset 1 1 1 1 1 1 1 1  



Bits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 – SPn: Stack Pointer Register
SPL and SPH are combined into SP.



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



26











7.5.2. Stack Pointer Register Low and High byte
The SPL and SPH register pair represents the 16-bit value, SP.The low byte [7:0] (suffix L) is accessible
at the original offset. The high byte [15:8] (suffix H) can be accessed at offset + 0x01. For more details on
reading and writing 16-bit registers, refer to Accessing 16-bit Registers.



When using the I/O specific commands IN and OUT, the I/O addresses 0x00 - 0x3F must be used. When
addressing I/O Registers as data space using LD and ST instructions, 0x20 must be added to these offset
addresses.



Name:  SPL and SPH
Offset:  0x5D
Reset:  0x8FF
Property:
 



When addressing I/O Registers as data space the offset address is 0x3D



Bit 15 14 13 12 11 10 9 8  
 SP11 SP10 SP9 SP8  



Access R R R R RW RW RW RW  
Reset 0 0 0 0 1 0 0 0  



Bit 7 6 5 4 3 2 1 0  
 SP7 SP6 SP5 SP4 SP3 SP2 SP1 SP0  



Access RW RW RW RW RW RW RW RW  
Reset 1 1 1 1 1 1 1 1  



Bits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 – SPn: Stack Pointer Register
SPL and SPH are combined into SP.
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7.5.3. Stack Pointer Register Low and High byte
The SPL and SPH register pair represents the 16-bit value, SP.The low byte [7:0] (suffix L) is accessible
at the original offset. The high byte [15:8] (suffix H) can be accessed at offset + 0x01. For more details on
reading and writing 16-bit registers, refer to Accessing 16-bit Registers.



When using the I/O specific commands IN and OUT, the I/O addresses 0x00 - 0x3F must be used. When
addressing I/O Registers as data space using LD and ST instructions, 0x20 must be added to these offset
addresses.



Name:  SPL and SPH
Offset:  0x5D
Reset:  0x10FF
Property:
 



When addressing I/O Registers as data space the offset address is 0x3D



Bit 15 14 13 12 11 10 9 8  
 SP12 SP11 SP10 SP9 SP8  



Access R R R RW RW RW RW RW  
Reset 0 0 0 1 0 0 0 0  



Bit 7 6 5 4 3 2 1 0  
 SP7 SP6 SP5 SP4 SP3 SP2 SP1 SP0  



Access RW RW RW RW RW RW RW RW  
Reset 1 1 1 1 1 1 1 1  



Bits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 – SPn: Stack Pointer Register
SPL and SPH are combined into SP.



7.6. Accessing 16-bit Registers
The AVR data bus is 8 bits wide, and so accessing 16-bit registers requires atomic operations. These
registers must be byte-accessed using two read or write operations. 16-bit registers are connected to the
8-bit bus and a temporary register using a 16-bit bus.



For a write operation, the low byte of the 16-bit register must be written before the high byte. The low byte
is then written into the temporary register. When the high byte of the 16-bit register is written, the
temporary register is copied into the low byte of the 16-bit register in the same clock cycle.



For a read operation, the low byte of the 16-bit register must be read before the high byte. When the low
byte register is read by the CPU, the high byte of the 16-bit register is copied into the temporary register
in the same clock cycle as the low byte is read. When the high byte is read, it is then read from the
temporary register.



This ensures that the low and high bytes of 16-bit registers are always accessed simultaneously when
reading or writing the register.



Interrupts can corrupt the timed sequence if an interrupt is triggered and accesses the same 16-bit
register during an atomic 16-bit read/write operation. To prevent this, interrupts can be disabled when
writing or reading 16-bit registers.



The temporary registers can also be read and written directly from user software.
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7.7. Instruction Execution Timing
This section describes the general access timing concepts for instruction execution. The AVR CPU is
driven by the CPU clock clkCPU, directly generated from the selected clock source for the chip. No internal
clock division is used. The Figure below shows the parallel instruction fetches and instruction executions
enabled by the Harvard architecture and the fast-access Register File concept. This is the basic pipelining
concept to obtain up to 1 MIPS per MHz with the corresponding unique results for functions per cost,
functions per clocks, and functions per power-unit.



Figure 7-4. The Parallel Instruction Fetches and Instruction Executions
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The following figure shows the internal timing concept for the Register File. In a single clock cycle an ALU
operation using two register operands is executed, and the result is stored back to the destination
register.



Figure 7-5. Single Cycle ALU Operation
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7.8. Reset and Interrupt Handling
The AVR provides several different interrupt sources. These interrupts and the separate Reset Vector
each have a separate program vector in the program memory space. All interrupts are assigned individual
enable bits which must be written logic one together with the Global Interrupt Enable bit in the Status
Register in order to enable the interrupt. Depending on the Program Counter value, interrupts may be
automatically disabled when Boot Lock bits BLB02 or BLB12 are programmed. This feature improves
software security.



The lowest addresses in the program memory space are by default defined as the Reset and Interrupt
Vectors. They have determined priority levels: The lower the address the higher is the priority level.
RESET has the highest priority, and next is INT0 – the External Interrupt Request 0. The Interrupt Vectors
can be moved to the start of the Boot Flash section by setting the IVSEL bit in the MCU Control Register
(MCUCR). The Reset Vector can also be moved to the start of the Boot Flash section by programming
the BOOTRST Fuse.
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When an interrupt occurs, the Global Interrupt Enable I-bit is cleared and all interrupts are disabled. The
user software can write logic one to the I-bit to enable nested interrupts. All enabled interrupts can then
interrupt the current interrupt routine. The I-bit is automatically set when a Return from Interrupt
instruction – RETI – is executed.



There are basically two types of interrupts:



The first type is triggered by an event that sets the Interrupt Flag. For these interrupts, the Program
Counter is vectored to the actual Interrupt Vector in order to execute the interrupt handling routine, and
hardware clears the corresponding Interrupt Flag. Interrupt Flags can also be cleared by writing a logic
one to the flag bit position(s) to be cleared. If an interrupt condition occurs while the corresponding
interrupt enable bit is cleared, the Interrupt Flag will be set and remembered until the interrupt is enabled,
or the flag is cleared by software. Similarly, if one or more interrupt conditions occur while the Global
Interrupt Enable bit is cleared, the corresponding Interrupt Flag(s) will be set and remembered until the
Global Interrupt Enable bit is set, and will then be executed by order of priority.



The second type of interrupts will trigger as long as the interrupt condition is present. These interrupts do
not necessarily have Interrupt Flags. If the interrupt condition disappears before the interrupt is enabled,
the interrupt will not be triggered. When the AVR exits from an interrupt, it will always return to the main
program and execute one more instruction before any pending interrupt is served.



The Status Register is not automatically stored when entering an interrupt routine, nor restored when
returning from an interrupt routine. This must be handled by software.



When using the CLI instruction to disable interrupts, the interrupts will be immediately disabled. No
interrupt will be executed after the CLI instruction, even if it occurs simultaneously with the CLI instruction.
The following example shows how this can be used to avoid interrupts during the timed EEPROM write
sequence.



Assembly Code Example(1)



in r16, SREG ; store SREG value
cli ; disable interrupts during timed sequence
sbi EECR, EEMPE ; start EEPROM write
sbi EECR, EEPE
out SREG, r16 ; restore SREG value (I-bit)



C Code Example(1)



char cSREG;
cSREG = SREG; /* store SREG value */
/* disable interrupts during timed sequence */
_CLI();
EECR |= (1<<EEMPE); /* start EEPROM write */
EECR |= (1<<EEPE);
SREG = cSREG; /* restore SREG value (I-bit) */



1. Refer to About Code Examples.



When using the SEI instruction to enable interrupts, the instruction following SEI will be executed before
any pending interrupts, as shown in this example.



Assembly Code Example(1)



sei ; set Global Interrupt Enable
sleep ; enter sleep, waiting for interrupt
; note: will enter sleep before any pending interrupt(s)
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C Code Example(1)



__enable_interrupt(); /* set Global Interrupt Enable */
__sleep(); /* enter sleep, waiting for interrupt */
/* note: will enter sleep before any pending interrupt(s) */



1. Refer to About Code Examples.



Related Links
Memory Programming on page 375
Boot Loader Support – Read-While-Write Self-Programming on page 356



7.8.1. Interrupt Response Time
The interrupt execution response for all the enabled AVR interrupts is four clock cycles minimum. After
four clock cycles the program vector address for the actual interrupt handling routine is executed. During
this four clock cycle period, the Program Counter is pushed onto the Stack. The vector is normally a jump
to the interrupt routine, and this jump takes three clock cycles. If an interrupt occurs during execution of a
multi-cycle instruction, this instruction is completed before the interrupt is served. If an interrupt occurs
when the MCU is in sleep mode, the interrupt execution response time is increased by four clock cycles.
This increase comes in addition to the start-up time from the selected sleep mode. A return from an
interrupt handling routine takes four clock cycles. During these four clock cycles, the Program Counter
(two bytes) is popped back from the Stack, the Stack Pointer is incremented by two, and the I-bit in SREG
is set.
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8. AVR Memories



8.1. Overview
This section describes the different memory types in the device. The AVR architecture has two main
memory spaces, the Data Memory and the Program Memory space. In addition, the device features an
EEPROM Memory for data storage. All memory spaces are linear and regular.



8.2. In-System Reprogrammable Flash Program Memory
The ATmega16M1/32M1/64M1 contains 16/32/64Kbytes On-chip In-System Reprogrammable Flash
memory for program storage. Since all AVR instructions are 16 or 32 bits wide, the Flash is organized as
16K × 16 / 32K x 16.



The Flash memory has an endurance of at least 10,000 write/erase cycles. The
ATmega16M1/32M1/64M1 Program Counter (PC) is 14 bits wide, thus addressing the 16K × 16 / 32K
program memory locations. The operation of Boot Program section and associated Boot Lock bits for
software protection are described in detail in Boot Loader Support – Read-While-Write Self-Programming.
Refer to Memory Programming for the description on Flash data serial downloading using the SPI pins.



Constant tables can be allocated within the entire program memory address space, using the Load
Program Memory (LPM) instruction.



Timing diagrams for instruction fetch and execution are presented in Instruction Execution Timing.



Figure 8-1. Program Memory Map ATmega16M1
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Figure 8-2. Program Memory Map ATmega32M1
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Figure 8-3. Program Memory Map ATmega64M1
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Related Links
BTLDR - Boot Loader Support – Read-While-Write Self-Programming on page 356
MEMPROG- Memory Programming on page 375
Instruction Execution Timing on page 29



8.3. SRAM Data Memory
The following figure shows how the device SRAM Memory is organized.
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The device is a complex microcontroller with more peripheral units than can be supported within the 64
locations reserved in the Opcode for the IN and OUT instructions. For the Extended I/O space from 0x60
- 0xFF in SRAM, only the ST/STS/STD and LD/LDS/LDD instructions can be used.



The lower 2304 data memory locations address both the Register File, the I/O memory, Extended I/O
memory, and the internal data SRAM. The first 32 locations address the Register File, the next 64
location the standard I/O memory, then 160 locations of Extended I/O memory, and the next 1/2/4K
locations address the internal data SRAM.



The five different addressing modes for the data memory cover:
• Direct



– The direct addressing reaches the entire data space.
• Indirect with Displacement



– The Indirect with Displacement mode reaches 63 address locations from the base address
given by the Y- or Z-register.



• Indirect
– In the Register File, registers R26 to R31 feature the indirect addressing pointer registers.



• Indirect with Pre-decrement
– The address registers X, Y, and Z are decremented.



• Indirect with Post-increment
– The address registers X, Y, and Z are incremented.



The 32 general purpose working registers, 64 I/O Registers, 160 Extended I/O Registers, and the 1/2/4K
bytes of internal data SRAM in the device are all accessible through all these addressing modes.



Figure 8-4. Data Memory Map with 1024 byte internal data SRAM
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Figure 8-5. Data Memory Map with 2048 byte internal data SRAM
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Figure 8-6. Data Memory Map with 4096 byte internal data SRAM
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8.3.1. Data Memory Access Times



The internal data SRAM access is performed in two clkCPU cycles as described in the following Figure.
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Figure 8-7. On-chip Data SRAM Access Cycles
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8.4. EEPROM Data Memory
The ATmega16M1/32M1/64M1 contains 512B/1K/2K bytes of data EEPROM memory. It is organized as a
separate data space, in which single bytes can be read and written. The EEPROM has an endurance of
at least 100,000 write/erase cycles. The access between the EEPROM and the CPU is described in the
following, specifying the EEPROM Address Registers, the EEPROM Data Register, and the EEPROM
Control Register.



See the related links for a detailed description on EEPROM Programming in SPI or Parallel Programming
mode.



Related Links
MEMPROG- Memory Programming on page 375



8.4.1. EEPROM Read/Write Access
The EEPROM Access Registers are accessible in the I/O space.



The write access time for the EEPROM is given in Table 8-2. A self-timing function, however, lets the user
software detect when the next byte can be written. If the user code contains instructions that write the
EEPROM, some precautions must be taken. In heavily filtered power supplies, VCC is likely to rise or fall
slowly on power-up/down. This causes the device for some period of time to run at a voltage lower than
specified as minimum for the clock frequency used. Please refer to Preventing EEPROM Corruption for
details on how to avoid problems in these situations.



In order to prevent unintentional EEPROM writes, a specific write procedure must be followed. Refer to
the description of the EEPROM Control Register for details on this.



When the EEPROM is read, the CPU is halted for four clock cycles before the next instruction is
executed. When the EEPROM is written, the CPU is halted for two clock cycles before the next instruction
is executed.
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8.4.2. Preventing EEPROM Corruption
During periods of low VCC, the EEPROM data can be corrupted because the supply voltage is too low for
the CPU and the EEPROM to operate properly. These issues are the same as for board level systems
using EEPROM, and the same design solutions should be applied.



An EEPROM data corruption can be caused by two situations when the voltage is too low. First, a regular
write sequence to the EEPROM requires a minimum voltage to operate correctly. Secondly, the CPU itself
can execute instructions incorrectly, if the supply voltage is too low.



EEPROM data corruption can easily be avoided by following this design recommendation:



Keep the AVR RESET active (low) during periods of insufficient power supply voltage. This can be done
by enabling the internal Brown-out Detector (BOD). If the detection level of the internal BOD does not
match the needed detection level, an external low VCC reset Protection circuit can be used. If a reset
occurs while a write operation is in progress, the write operation will be completed provided that the
power supply voltage is sufficient.



8.5. I/O Memory
The I/O space definition of the device is shown in the Register Summary.



All device I/Os and peripherals are placed in the I/O space. All I/O locations may be accessed by the
LD/LDS/LDD and ST/STS/STD instructions, transferring data between the 32 general purpose working
registers and the I/O space. I/O Registers within the address range 0x00-0x1F are directly bit-accessible
using the SBI and CBI instructions. In these registers, the value of single bits can be checked by using
the SBIS and SBIC instructions.



When using the I/O specific commands IN and OUT, the I/O addresses 0x00-0x3F must be used. When
addressing I/O Registers as data space using LD and ST instructions, 0x20 must be added to these
addresses. The device is a complex microcontroller with more peripheral units than can be supported
within the 64 location reserved in Opcode for the IN and OUT instructions. For the Extended I/O space
from 0x60..0xFF in SRAM, only the ST/STS/STD and LD/LDS/LDD instructions can be used.



For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved I/O
memory addresses should never be written.



Some of the Status Flags are cleared by writing a '1' to them; this is described in the flag descriptions.
Note that, unlike most other AVRs, the CBI and SBI instructions will only operate on the specified bit, and
can therefore be used on registers containing such Status Flags. The CBI and SBI instructions work with
registers 0x00-0x1F only.



The I/O and Peripherals Control Registers are explained in later sections.



Related Links
MEMPROG- Memory Programming on page 375
Instruction Set Summary on page 419



8.5.1. General Purpose I/O Registers
The device contains three General Purpose I/O Registers, General Purpose I/O Register 0/1/2 (GPIOR
0/1/2). These registers can be used for storing any information, and they are particularly useful for storing
global variables and Status Flags. General Purpose I/O Registers within the address range 0x00 - 0x1F
are directly bit-accessible using the SBI, CBI, SBIS, and SBIC instructions.
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8.6. Register Description



8.6.1. Accessing 16-bit Registers
The AVR data bus is 8 bits wide, and so accessing 16-bit registers requires atomic operations. These
registers must be byte-accessed using two read or write operations. 16-bit registers are connected to the
8-bit bus and a temporary register using a 16-bit bus.



For a write operation, the low byte of the 16-bit register must be written before the high byte. The low byte
is then written into the temporary register. When the high byte of the 16-bit register is written, the
temporary register is copied into the low byte of the 16-bit register in the same clock cycle.



For a read operation, the low byte of the 16-bit register must be read before the high byte. When the low
byte register is read by the CPU, the high byte of the 16-bit register is copied into the temporary register
in the same clock cycle as the low byte is read. When the high byte is read, it is then read from the
temporary register.



This ensures that the low and high bytes of 16-bit registers are always accessed simultaneously when
reading or writing the register.



Interrupts can corrupt the timed sequence if an interrupt is triggered and accesses the same 16-bit
register during an atomic 16-bit read/write operation. To prevent this, interrupts can be disabled when
writing or reading 16-bit registers.



The temporary registers can also be read and written directly from user software.
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8.6.2. EEPROM Address Register Low and High Byte
The EEARL and EEARH register pair represents the 16-bit value, EEAR. The low byte [7:0] (suffix L) is
accessible at the original offset. The high byte [15:8] (suffix H) can be accessed at offset + 0x01. For
more details on reading and writing 16-bit registers, refer to Accessing 16-bit Registers.



When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  EEAR
Offset:  0x41
Reset:  0xXX
Property:
 



When addressing as I/O Register: address offset is 0x21



Bit 15 14 13 12 11 10 9 8  
       EEAR9 EEAR8  



Access R/W R/W  
Reset x x  



Bit 7 6 5 4 3 2 1 0  
 EEAR7 EEAR6 EEAR5 EEAR4 EEAR3 EEAR2 EEAR1 EEAR0  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset x x x x x x x x  



Bits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 – EEARn: EEPROM Address
The EEPROM Address Registers – EEARH and EEARL specify the EEPROM address in the 512B/1K/2K
Bytes EEPROM space. The EEPROM data bytes are addressed linearly between 0 and 1023. The initial
value of EEAR is undefined. A proper value must be written before the EEPROM may be accessed.
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8.6.3. EEPROM Data Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  EEDR
Offset:  0x40
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x20



Bit 7 6 5 4 3 2 1 0  
 EEDR[7:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 7:0 – EEDR[7:0]: EEPROM Data
For the EEPROM write operation, the EEDR Register contains the data to be written to the EEPROM in
the address given by the EEAR Register. For the EEPROM read operation, the EEDR contains the data
read out from the EEPROM at the address given by EEAR.
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8.6.4. EEPROM Control Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  EECR
Offset:  0x3F
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x1F



Bit 7 6 5 4 3 2 1 0  
   EEPM1 EEPM0 EERIE EEMPE EEPE EERE  



Access R/W R/W R/W R/W R/W R/W  
Reset x x 0 0 x 0  



Bits 5:4 – EEPMn: EEPROM Programming Mode Bits [n = 1:0]
The EEPROM Programming mode bit setting defines which programming action that will be triggered
when writing EEPE. It is possible to program data in one atomic operation (erase the old value and
program the new value) or to split the Erase and Write operations in two different operations. The
Programming times for the different modes are shown in the table below. While EEPE is set, any write to
EEPMn will be ignored. During reset, the EEPMn bits will be reset to 0b00 unless the EEPROM is busy
programming.



Table 8-1. EEPROM Mode Bits



EEPM[1:0] Programming Time Operation



00 3.4ms Erase and Write in one operation (Atomic Operation)



01 1.8ms Erase Only



10 1.8ms Write Only



11 - Reserved for future use



Bit 3 – EERIE: EEPROM Ready Interrupt Enable
Writing EERIE to one enables the EEPROM Ready Interrupt if the I bit in SREG is set. Writing EERIE to
zero disables the interrupt. The EEPROM Ready interrupt generates a constant interrupt when EEPE is
cleared. The interrupt will not be generated during EEPROM write or SPM.



Bit 2 – EEMPE: EEPROM Master Write Enable
The EEMPE bit determines whether writing EEPE to '1' causes the EEPROM to be written.
When EEMPE is '1', setting EEPE within four clock cycles will write data to the EEPROM at the selected
address.



If EEMPE is zero, setting EEPE will have no effect. When EEMPE has been written to '1' by software,
hardware clears the bit to zero after four clock cycles. See the description of the EEPE bit for an
EEPROM write procedure.



Bit 1 – EEPE: EEPROM Write Enable
The EEPROM Write Enable Signal EEPE is the write strobe to the EEPROM. When address and data are
correctly set up, the EEPE bit must be written to '1' to write the value into the EEPROM. The EEMPE bit
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must be written to '1' before EEPE is written to '1', otherwise no EEPROM write takes place. The following
procedure should be followed when writing the EEPROM (the order of steps 3 and 4 is not essential):



1. Wait until EEPE becomes zero.
2. Wait until SPMEN in SPMCSR becomes zero.
3. Write new EEPROM address to EEAR (optional).
4. Write new EEPROM data to EEDR (optional).
5. Write a '1' to the EEMPE bit while writing a zero to EEPE in EECR.
6. Within four clock cycles after setting EEMPE, write a '1' to EEPE.



The EEPROM can not be programmed during a CPU write to the Flash memory. The software must
check that the Flash programming is completed before initiating a new EEPROM write. Step 2 is only
relevant if the software contains a Boot Loader allowing the CPU to program the Flash. If the Flash is
never being updated by the CPU, step 2 can be omitted.



Caution: 
An interrupt between step 5 and step 6 will make the write cycle fail, since the EEPROM Master
Write Enable will time-out. If an interrupt routine accessing the EEPROM is interrupting another
EEPROM access, the EEAR or EEDR Register will be modified, causing the interrupted
EEPROM access to fail. It is recommended to have the Global Interrupt Flag cleared during all
the steps to avoid these problems.



When the write access time has elapsed, the EEPE bit is cleared by hardware. The user
software can poll this bit and wait for a zero before writing the next byte. When EEPE has been
set, the CPU is halted for two cycles before the next instruction is executed.



Bit 0 – EERE: EEPROM Read Enable
The EEPROM Read Enable Signal EERE is the read strobe to the EEPROM. When the correct address
is set up in the EEAR Register, the EERE bit must be written to a '1' to trigger the EEPROM read. The
EEPROM read access takes one instruction, and the requested data is available immediately. When the
EEPROM is read, the CPU is halted for four cycles before the next instruction is executed.



The user should poll the EEPE bit before starting the read operation. If a write operation is in progress, it
is neither possible to read the EEPROM, nor to change the EEAR Register.



The calibrated Oscillator is used to time the EEPROM accesses. See the following table for typical
programming times for EEPROM access from the CPU.



Table 8-2. EEPROM Programming Time



Symbol Number of Calibrated RC Oscillator Cycles Typ. Programming Time



EEPROM write (from CPU) 26,368 3.3ms



The following code examples show one assembly and one C function for writing to the EEPROM. The
examples assume that interrupts are controlled (e.g. by disabling interrupts globally) so that no interrupts
will occur during execution of these functions. The examples also assume that no Flash Boot Loader is
present in the software. If such code is present, the EEPROM write function must also wait for any
ongoing SPM command to finish.



Assembly Code Example(1)



EEPROM_write:
      ; Wait for completion of previous write
      sbic     EECR,EEPE
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      rjmp     EEPROM_write
      ; Set up address (r18:r17) in address register
      out     EEARH, r18
      out     EEARL, r17
      ; Write data (r16) to Data Register
      out     EEDR,r16
      ; Write logical one to EEMPE
      sbi     EECR,EEMPE
      ; Start eeprom write by setting EEPE
      sbi     EECR,EEPE
      ret



C Code Example(1)



void EEPROM_write(unsigned int uiAddress, unsigned char ucData)
{
    /* Wait for completion of previous write */
    while(EECR & (1<<EEPE))
    ;
    /* Set up address and Data Registers */
    EEAR = uiAddress;
    EEDR = ucData;
    /* Write logical one to EEMPE */
    EECR |= (1<<EEMPE);
    /* Start eeprom write by setting EEPE */
    EECR |= (1<<EEPE);
}



Note:  (1) Please refer to About Code Examples



The next code examples show assembly and C functions for reading the EEPROM. The examples
assume that interrupts are controlled so that no interrupts will occur during execution of these functions.



Assembly Code Example(1)



EEPROM_read:
   ; Wait for completion of previous write 
   sbic     EECR,EEPE 
   rjmp     EEPROM_read
   ; Set up address (r18:r17) in address register
   out     EEARH, r18
   out     EEARL, r17
   ; Start eeprom read by writing EERE
   sbi     EECR,EERE
   ; Read data from Data Register
   in      r16,EEDR
   ret



C Code Example(1)



unsigned char EEPROM_read(unsigned int uiAddress)
{
    /* Wait for completion of previous write */
    while(EECR & (1<<EEPE))
    ;
    /* Set up address register */
    EEAR = uiAddress;
    /* Start eeprom read by writing EERE */
    EECR |= (1<<EERE);
    /* Return data from Data Register */
    return EEDR;
}



1. Refer to About Code Examples.
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8.6.5. GPIOR2 – General Purpose I/O Register 2
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  GPIOR2
Offset:  0x3A
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x2B



Bit 7 6 5 4 3 2 1 0  
 GPIOR2[7:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 7:0 – GPIOR2[7:0]: General Purpose I/O
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8.6.6. GPIOR1 – General Purpose I/O Register 1
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  GPIOR1
Offset:  0x39
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x2A



Bit 7 6 5 4 3 2 1 0  
 GPIOR1[7:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 7:0 – GPIOR1[7:0]: General Purpose I/O
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8.6.7. GPIOR0 – General Purpose I/O Register 0
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  GPIOR0
Offset:  0x3E
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x1E



Bit 7 6 5 4 3 2 1 0  
 GPIOR0[7:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 7:0 – GPIOR0[7:0]: General Purpose I/O
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9. System Clock and Clock Options



9.1. Clock Systems and Their Distribution
The following figure illustrates the principal clock systems in the device and their distribution. All the
clocks need not be active at a given time. In order to reduce power consumption, the clocks to modules
not being used can be halted by using different sleep modes. The clock systems are described in the
following sections.



The system clock frequency refers to the frequency generated from the System Clock Prescaler. All clock
outputs from the AVR Clock Control Unit runs in the same frequency.



Figure 9-1. Clock Distribution
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9.1.1. CPU Clock – clkCPU
The CPU clock is routed to parts of the system concerned with operation of the AVR core. Examples of
such modules are the General Purpose Register File, the Status Register and the data memory holding
the Stack Pointer. Halting the CPU clock inhibits the core from performing general operations and
calculations.
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9.1.2. I/O Clock – clkI/O
The I/O clock is used by the majority of the I/O modules, like Timer/Counters, SPI, and USART. The I/O
clock is also used by the External Interrupt module, but the start condition detection in the USI module is
carried out asynchronously when clkI/O is halted, TWI address recognition in all sleep modes.



Note:  If a level triggered interrupt is used for wake-up from Power-down, the required level must be held
long enough for the MCU to complete the wake-up to trigger the level interrupt. If the level disappears
before the end of the Start-up Time, the MCU will still wake up, but no interrupt will be generated. The
start-up time is defined by the SUT and CKSEL Fuses.



9.1.3. Flash Clock – clkFLASH
The Flash clock controls operation of the Flash interface. The Flash clock is usually active simultaneously
with the CPU clock.



9.1.4. PLL Clock – clkPLL
The PLL clock allows the fast peripherals to be clocked directly from a 64/32MHz clock. A 16MHz clock is
also derived for the CPU.



9.1.5. Asynchronous Timer Clock – clkASY
The Asynchronous Timer clock allows Asynchronous Timer/Counters to be clocked directly from an
external clock. The dedicated clock domain allows using this Timer/Counter as a real-time counter even
when the device is in sleep mode.



9.1.6. ADC Clock – clkADC
The ADC is provided with a dedicated clock domain. This allows halting the CPU and I/O clocks in order
to reduce noise generated by digital circuitry. This gives more accurate ADC conversion results.



9.2. Clock Sources
The device has the following clock source options, selectable by Flash Fuse bits as shown below. The
clock from the selected source is input to the AVR clock generator, and routed to the appropriate
modules.



Table 9-1. Device Clocking Options Select



Device Clocking
Option



System clock PLL input CKSEL[3:0]



External crystal/ceramic
resonator



Ext osc RC osc 1111 - 1000



PLL output divided by 4 :
16MHz / PLL driven by
external crystal/ceramic
resonator



Ext osc Ext osc 0100



PLL output divided by 4 :
16MHz / PLL driven by
external crystal/ceramic
resonator



PLL/4 Ext osc 0101



Reserved N/A N/A 0110



Reserved N/A N/A 0111



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



48











Device Clocking
Option



System clock PLL input CKSEL[3:0]



PLL output divided by 4 :
16MHz



PLL/4 RC osc 0011



Calibrated Internal RC
Oscillator



RC osc RC osc 0010



PLL output divided by 4 :
16MHz / PLL driven by
external clock



PLL/4 Ext clk 0001



External Clock Ext clk RC osc 000



Note:  For all fuses, '1' means unprogrammed while '0' means programmed.



The various choices for each clocking option is given in the following sections. When the CPU wakes up
from Power-down or Power-save, the selected clock source is used to time the start-up, ensuring stable
Oscillator operation before instruction execution starts. When the CPU starts from reset, there is an
additional delay allowing the power to reach a stable level before starting normal operation. The
Watchdog Oscillator is used for timing this realtime part of the start-up time. The number of WDT
Oscillator cycles used for each time-out is shown below.



Table 9-2. Number of watchdog oscillator cycles



Typical time-out (VCC = 5.0V) Typical time-out (VCC = 3.0V) Number of cycles



4.1ms 4.3ms 4K (4,096)



65ms 69ms 64K (65,536)



9.3. Default Clock Source
The device is shipped with CKSEL = “0010”, SUT = “10”, and CKDIV8 programmed. The default clock
source setting is the Internal RC Oscillator with longest start-up time and an initial system clock
prescaling of eight. This default setting ensures that all users can make their desired clock source setting
using an In-System or Parallel programmer.



9.4. Low Power Crystal Oscillator
XTAL1 and XTAL2 are input and output, respectively, of an inverting amplifier which can be configured for
use as an On-chip Oscillator, as shown in the figure below. Either a quartz crystal or a ceramic resonator
may be used.



This Crystal Oscillator is a low power oscillator, with reduced voltage swing on the XTAL2 output. It gives
the lowest power consumption, but is not capable of driving other clock inputs.



C1 and C2 should always be equal for both crystals and resonators. The optimal value of the capacitors
depends on the crystal or resonator in use, the amount of stray capacitance, and the electromagnetic
noise of the environment. Some initial guidelines for choosing capacitors for use with crystals are given in
the table below. For ceramic resonators, the capacitor values given by the manufacturer should be used.
For more information on how to choose capacitors and other details on Oscillator operation, refer to the
Multi-purpose Oscillator Application Note.



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



49











Figure 9-2. Crystal oscillator connections
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The oscillator can operate in three different modes, each optimized for a specific frequency range. The
operating mode is selected by the fuses CKSEL3..1 as shown in the table below.



Table 9-3. Crystal oscillator operating modes



CKSEL3..1 Frequency range [MHz] Recommended range for
capacitors C1 and C2 for use
with crystals [pF]



100(1) 0.4 - 0.9 -



101 0.9 - 3.0 12 - 22



110 3.0 - 8.0 12 - 22



111 8.0 -16.0 12 - 22



Note:  This option should not be used with crystals, only with ceramic resonators.



The CKSEL0 Fuse together with the SUT1..0 Fuses select the start-up times as shown below.



Table 9-4. Start-up times for the oscillator clock selection



CKSEL0 SUT1..0 Start-up time from
power-down and
power-save



Additional delay
from reset (VCC =
5.0V)



Recommended
usage



0 00 258 CK(1) 14CK + 4.1ms Ceramic resonator,
fast rising power



0 01 258 CK(1) 14CK + 65ms Ceramic resonator,
slowly rising power



0 10 1K CK(2) 14CK Ceramic resonator,
BOD enabled



0 11 1K CK(2) 14CK + 4.1ms Ceramic resonator,
fast rising power



1 00 1K CK(2) 14CK + 65ms Ceramic resonator,
slowly rising power



1 01 16K CK 14CK Ceramic resonator,
BOD enabled
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CKSEL0 SUT1..0 Start-up time from
power-down and
power-save



Additional delay
from reset (VCC =
5.0V)



Recommended
usage



1 10 16K CK 14CK + 4.1ms Ceramic resonator,
fast rising power



1 11 16K CK 14CK + 65ms Ceramic resonator,
slowly rising power



1. Note:  These options should only be used when not operating close to the maximum frequency of
the device, and only if frequency stability at start-up is not important for the application. These
options are not suitable for crystals.



2. Note:  These options are intended for use with ceramic resonators and will ensure frequency
stability at start-up. They can also be used with crystals when not operating close to the maximum
frequency of the device, and if frequency stability at start-up is not important for the application.



Related Links
PSC clock sources on page 197



9.5. Calibrated Internal RC Oscillator
By default, the Internal RC Oscillator provides an 8.0MHz clock. Though voltage and temperature
dependent, this clock can be very accurately calibrated by the user. The device is shipped with the
CKDIV8 Fuse programmed.



This clock may be selected as the system clock by programming the CKSEL Fuses as shown in the
following Table. If selected, it will operate with no external components. During reset, hardware loads the
pre-programmed calibration value into the OSCCAL Register and thereby automatically calibrates the RC
Oscillator.



By changing the OSCCAL register from SW, it is possible to get a higher calibration accuracy than by
using the factory calibration.



When this Oscillator is used as the chip clock, the Watchdog Oscillator will still be used for the Watchdog
Timer and for the Reset Time-Out. For more information on the pre-programmed calibration value.



Table 9-5. Internal Calibrated RC Oscillator Operating Modes



Frequency Range(1) [MHz] CKSEL[3:0]



7.3 - 8.1 0010(2)



Note: 
1. If 8MHz frequency exceeds the specification of the device (depends on VCC), the CKDIV8 Fuse can



be programmed in order to divide the internal frequency by 8.
2. The device is shipped with this option selected.



When this Oscillator is selected, start-up times are determined by the SUT Fuses:
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Table 9-6. Start-Up Times for the Internal Calibrated RC Oscillator Clock Selection - SUT



Power Conditions Start-Up Time from Power-down
and Power-Save



Additional Delay from Reset (VCC =
5.0V)



SUT[1:0]



BOD enabled 6 CK 14CK 00



Fast rising power 6 CK 14CK + 4ms 01



Slowly rising power 6 CK 14CK + 65ms 10(1)



Reserved 11



Note: 
1. The device is shipped with this option selected.



Related Links
System Clock Prescaler on page 54
Calibration Byte on page 379
OSCCAL on page 56



9.6. PLL



9.6.1. Internal PLL
The internal PLL in Atmel ATmega16M1/32M1/64M1 generates a clock frequency that is 64× multiplied
from nominally 1MHz input. The source of the 1MHz PLL input clock is the output of the internal RC
Oscillator which is divided down to 1MHz.



The PLL is locked on the RC Oscillator and adjusting the RC Oscillator via OSCCAL Register will adjust
the fast peripheral clock at the same time. However, even if the possibly divided RC Oscillator is taken to
a higher frequency than 1MHz, the fast peripheral clock frequency saturates at 70MHz (worst case) and
remains oscillating at the maximum frequency. It should be noted that the PLL in this case is not locked
any more with the RC Oscillator clock.



Therefore it is recommended not to take the OSCCAL adjustments to a higher frequency than 1MHz in
order to keep the PLL in the correct operating range. The internal PLL is enabled only when the PLLE bit
in the register PLLCSR is set. The bit PLOCK from the register PLLCSR is set when PLL is locked.



Both internal 1MHz RC Oscillator and PLL are switched off in Power-down and Standby sleep modes.



Table 9-7. Start-up times when the PLL is selected as system clock



CKSEL 3..0 SUT1..0 Start-up time from power-down
and power-save



Additional delay from reset
(VCC = 5.0V)



0011 RC Osc



00 1K CK 14CK



01 1K CK 14CK + 4ms



10 1K CK 14CK + 64ms



11 16K CK 14CK
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CKSEL 3..0 SUT1..0 Start-up time from power-down
and power-save



Additional delay from reset
(VCC = 5.0V)



0101 Ext Osc



00 1K CK 14CK



01 1K CK 14CK + 4ms



10 16K CK 14CK + 4ms



11 16K CK 14CK + 64ms



0001 Ext Clk



00 6 CK(1) 14CK



01 6 CK(1) 14CK + 4ms



10 6 CK(1) 14CK + 64ms



Reserved



Note:  This value do not provide a proper restart; do not use PD in this clock scheme.



Figure 9-3. PCK clocking system







8 MHzRC OSCILLATOR



OSCCAL



XTAL1
XTAL2



OSCILLATORS



DIVIDE
BY 8



DIVIDE
BY 2



CK



PLL
64x



PLLE



Lock 
Detector



PLOCK



SOURCE



PLLF



DIVIDE
BY 4



CLKPLL



9.7. 128kHz Internal Oscillator
The 128kHz internal oscillator is a low power oscillator providing a clock of 128kHz. The frequency is
nominal at 3V and 25°C. This clock is used by the Watchdog Oscillator.



9.8. External Clock
To drive the device from an external clock source, XTAL1 should be driven as shown below. To run the
device on an external clock, the CKSEL Fuses must be programmed to “0000”.



Figure 9-4. External Clock Drive Configuration
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Table 9-8. External Clock Frequency



CKSEL[3:0] Frequency



0000 0 - 16MHz



When this clock source is selected, start-up times are determined by the SUT Fuses:



Table 9-9. Start-Up Times for the External Clock Selection - SUT



SUT[1:0] Start-Up Time from
Power-down and Power-
save



Additional Delay from
Reset (VCC = 5.0V)



Recommended Usage



00 6 CK 14CK BOD enabled



01 6 CK 14CK + 4.1ms Fast rising power



10 6 CK 14CK + 65ms Slowly rising power



11 Reserved



When applying an external clock, it is required to avoid sudden changes in the applied clock frequency to
ensure stable operation of the MCU. A variation in frequency of more than 2% from one clock cycle to the
next can lead to unpredictable behavior. If changes of more than 2% is required, ensure that the MCU is
kept in Reset during the changes.



The System Clock Prescaler can be used to implement run-time changes of the internal clock frequency
while still ensuring stable operation.



9.9. Clock Output Buffer
The device can output the system clock on the CLKO pin. To enable the output, the CKOUT Fuse has to
be programmed. This mode is suitable when the chip clock is used to drive other circuits on the system.
The clock also will be output during reset, and the normal operation of I/O pin will be overridden when the
fuse is programmed. Any clock source, including the internal RC Oscillator, can be selected when the
clock is output on CLKO. If the System Clock Prescaler is used, it is the divided system clock that is
output.



9.10. System Clock Prescaler
The device has a system clock prescaler, and the system clock can be divided by configuring the Clock
Prescale Register (CLKPR). This feature can be used to decrease the system clock frequency and the
power consumption when the requirement for processing power is low. This can be used with all clock
source options, and it will affect the clock frequency of the CPU and all synchronous peripherals. clkI/O,
clkADC, clkCPU, and clkFLASH are divided by a factor as shown in the CLKPR description.



When switching between prescaler settings, the System Clock Prescaler ensures that no glitches occurs
in the clock system. It also ensures that no intermediate frequency is higher than neither the clock
frequency corresponding to the previous setting, nor the clock frequency corresponding to the new
setting. The ripple counter that implements the prescaler runs at the frequency of the undivided clock,
which may be faster than the CPU's clock frequency. Hence, it is not possible to determine the state of
the prescaler - even if it were readable, the exact time it takes to switch from one clock division to the
other cannot be exactly predicted. From the time the Clock Prescaler Selection bits (CLKPS[3:0]) values
are written, it takes between T1 + T2 and T1 + 2 * T2 before the new clock frequency is active. In this
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interval, two active clock edges are produced. Here, T1 is the previous clock period, and T2 is the period
corresponding to the new prescaler setting.



To avoid unintentional changes of clock frequency, a special write procedure must be followed to change
the CLKPS bits:



1. Write the Clock Prescaler Change Enable (CLKPCE) bit to '1' and all other bits in CLKPR to zero:
CLKPR=0x80.



2. Within four cycles, write the desired value to CLKPS[3:0] while writing a zero to CLKPCE:
CLKPR=0x0N



Interrupts must be disabled when changing prescaler setting to make sure the write procedure is not
interrupted.



Related Links
CLKPR on page 58



9.11. Register Description
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9.11.1. Oscillator Calibration Register



Name:  OSCCAL
Offset:  0x66
Reset:  Device Specific Calibration Value
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
 CAL7 CAL6 CAL5 CAL4 CAL3 CAL2 CAL1 CAL0  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset x x x x x x x x  



Bits 7:0 – CALn: Oscillator Calibration Value [n = 7:0]
The Oscillator Calibration Register is used to trim the Calibrated Internal RC Oscillator to remove process
variations from the oscillator frequency. A pre-programmed calibration value is automatically written to
this register during chip reset, giving the Factory calibrated frequency as specified in the Clock
Characteristics section of Electrical Characteristics chapter.. The application software can write this
register to change the oscillator frequency. The oscillator can be calibrated to frequencies as specified in
the Clock Characteristics section of Electrical Characteristics chapter.. Calibration outside that range is
not guaranteed.



Note that this oscillator is used to time EEPROM and Flash write accesses, and these write times will be
affected accordingly. If the EEPROM or Flash are written, do not calibrate to more than 8.8MHz.
Otherwise, the EEPROM or Flash write may fail.



The CAL7 bit determines the range of operation for the oscillator. Setting this bit to 0 gives the lowest
frequency range, setting this bit to 1 gives the highest frequency range. The two frequency ranges are
overlapping, in other words a setting of OSCCAL=0x7F gives a higher frequency than OSCCAL=0x80.



The CAL[6:0] bits are used to tune the frequency within the selected range. A setting of 0x00 gives the
lowest frequency in that range, and a setting of 0x7F gives the highest frequency in the range.
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9.11.2. PLL Control and Status Register



Name:  PLLCSR
Offset:  0x49
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
      PLLF PLLE PLOCK  



Access R/W R/W R  
Reset 0 x 0  



Bit 2 – PLLF: PLL Factor
The PLLF bit is used to select the division factor of the PLL.



Value Description
1 If PLLF is set, the PLL output is 64MHz.
0 If PLLF is cleared, the PLL output is 32MHz.



Bit 1 – PLLE: PLL Enable
When the PLLE is set, the PLL is started and if not yet started the internal RC Oscillator is started as PLL
reference clock. If PLL is selected as a system clock source the value for this bit is always 1.



Bit 0 – PLOCK: PLL Lock Detector
When the PLOCK bit is set, the PLL is locked to the reference clock, and it is safe to enable CLKPLL for
Fast Peripherals. After the PLL is enabled, it takes about 100ms for the PLL to lock..
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9.11.3. Clock Prescaler Register



Name:  CLKPR
Offset:  0x61
Reset:  Refer to the bit description
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
 CLKPCE    CLKPS3 CLKPS2 CLKPS1 CLKPS0  



Access R/W R/W R/W R/W R/W  
Reset 0 x x x x  



Bit 7 – CLKPCE: Clock Prescaler Change Enable
The CLKPCE bit must be written to logic one to enable change of the CLKPS bits. The CLKPCE bit is
only updated when the other bits in CLKPR are simultaneously written to zero. CLKPCE is cleared by
hardware four cycles after it is written or when CLKPS bits are written. Rewriting the CLKPCE bit within
this time-out period does neither extend the time-out period, nor clear the CLKPCE bit.



Bits 3:0 – CLKPSn: Clock Prescaler Select n [n = 3:0]
These bits define the division factor between the selected clock source and the internal system clock.
These bits can be written run-time to vary the clock frequency to suit the application requirements. As the
divider divides the master clock input to the MCU, the speed of all synchronous peripherals is reduced
when a division factor is used. The division factors are given in the table below.



The CKDIV8 Fuse determines the initial value of the CLKPS bits. If CKDIV8 is unprogrammed, the
CLKPS bits will be reset to “0000”. If CKDIV8 is programmed, CLKPS bits are reset to “0011”, giving a
division factor of 8 at start up. This feature should be used if the selected clock source has a higher
frequency than the maximum frequency of the device at the present operating conditions. Note that any
value can be written to the CLKPS bits regardless of the CKDIV8 Fuse setting. The Application software
must ensure that a sufficient division factor is chosen if the selected clock source has a higher frequency
than the maximum frequency of the device at the present operating conditions. The device is shipped with
the CKDIV8 Fuse programmed.



Table 9-10. Clock Prescaler Select



CLKPS[3:0] Clock Division Factor



0000 1



0001 2



0010 4



0011 8



0100 16



0101 32



0110 64



0111 128



1000 256



1001 Reserved
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CLKPS[3:0] Clock Division Factor



1010 Reserved



1011 Reserved



1100 Reserved



1101 Reserved



1110 Reserved



1111 Reserved
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10. PM - Power Management and Sleep Modes



10.1. Sleep Modes
The following Table shows the different sleep modes and their wake-up sources.



Table 10-1. Active Clock Domains and Wake-up Sources in the Different Sleep Modes.



Sleep Mode Active Clock Domains Oscillators Wake-up Sources



clkCPU clkFLASH clkIO clkADC clkPLL Main Clock Source Enabled INT3..0 PSC SPM/EEPROM
Ready



ADC WDT Other I/O



Idle Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes



ADC Noise
Reduction



Yes Yes Yes Yes(2) Yes Yes Yes Yes



Power-down Yes(2) Yes



Standby (1) Yes Yes(2) Yes



1. Note:  Only recommended with external crystal or resonator selected as clock source.
2. Note:  Only level interrupt.



To enter any of the six sleep modes, the Sleep Enable bit in the Sleep Mode Control Register (SMCR.SE)
must be written to '1' and a SLEEP instruction must be executed. Sleep Mode Select bits
(SMCR.SM[2:0]) select which sleep mode (Idle, ADC Noise Reduction, Power-down, Power-save,
Standby, or Extended Standby) will be activated by the SLEEP instruction.



Note:  The block diagram in the section System Clock and Clock Options provides an overview over the
different clock systems in the device, and their distribution. This figure is helpful in selecting an
appropriate sleep mode.



If an enabled interrupt occurs while the MCU is in a sleep mode, the MCU wakes up. The MCU is then
halted for four cycles in addition to the start-up time, executes the interrupt routine, and resumes
execution from the instruction following SLEEP. The contents of the Register File and SRAM are
unaltered when the device wakes up from sleep. If a reset occurs during sleep mode, the MCU wakes up
and executes from the Reset Vector.



10.2. Idle Mode
When the SM[2:0] bits are written to '000', the SLEEP instruction makes the MCU enter Idle mode,
stopping the CPU but allowing the SPI, USART, Analog Comparator, 2-wire Serial Interface, Timer/
Counters, Watchdog, and the interrupt system to continue operating. This sleep mode basically halts
clkCPU and clkFLASH, while allowing the other clocks to run.



Idle mode enables the MCU to wake up from external triggered interrupts as well as internal ones like the
Timer Overflow and USART Transmit Complete interrupts. If wake-up from the Analog Comparator
interrupt is not required, the Analog Comparator can be powered down by setting the ACD bit in the
Analog Comparator Control and Status Register – ACSR. This will reduce power consumption in Idle
mode.



Related Links
ACSR on page 344
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10.3. ADC Noise Reduction Mode
When the SM[2:0] bits are written to '001', the SLEEP instruction makes the MCU enter ADC Noise
Reduction mode, stopping the CPU but allowing the ADC, the external interrupts, the 2-wire Serial
Interface address watch, Timer/Counter(1), and the Watchdog to continue operating (if enabled). This
sleep mode basically halts clkI/O, clkCPU, and clkFLASH, while allowing the other clocks to run.



This improves the noise environment for the ADC, enabling higher resolution measurements. If the ADC
is enabled, a conversion starts automatically when this mode is entered. Apart from the ADC Conversion
Complete interrupt, only these events can wake up the MCU from ADC Noise Reduction mode:



• External Reset
• Watchdog System Reset
• Watchdog Interrupt
• Brown-out Reset
• 2-wire Serial Interface address match
• Timer/Counter interrupt
• SPM/EEPROM ready interrupt
• External level interrupt on INT
• Pin change interrupt



Note:  1. Timer/Counter will only keep running in asynchronous mode.



Related Links
TC1 - 16-bit Timer/Counter1 with PWM on page 150



10.4. Power-Down Mode
When the SM[2:0] bits are written to '010', the SLEEP instruction makes the MCU enter Power-Down
mode. In this mode, the external Oscillator is stopped, while the external interrupts, the 2-wire Serial
Interface address watch, and the Watchdog continue operating (if enabled).



Only one of these events can wake up the MCU:
• External Reset
• Watchdog System Reset
• Watchdog Interrupt
• Brown-out Reset
• 2-wire Serial Interface address match
• External level interrupt on INT
• Pin change interrupt



This sleep mode basically halts all generated clocks, allowing operation of asynchronous modules only.



Note:  If a level triggered interrupt is used for wake-up from Power-Down, the required level must be held
long enough for the MCU to complete the wake-up to trigger the level interrupt. If the level disappears
before the end of the Start-up Time, the MCU will still wake up, but no interrupt will be generated. The
start-up time is defined by the SUT and CKSEL Fuses.



When waking up from Power-Down mode, there is a delay from the wake-up condition occurs until the
wake-up becomes effective. This allows the clock to restart and become stable after having been
stopped. The wake-up period is defined by the same CKSEL Fuses that define the Reset Time-out
period.
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Related Links
PSC clock sources on page 197
EXINT - External Interrupts on page 82



10.5. Standby Mode
When the SM[2:0] bits are written to '110' and an external clock option is selected, the SLEEP instruction
makes the MCU enter Standby mode. This mode is identical to Power-Down with the exception that the
Oscillator is kept running. From Standby mode, the device wakes up in six clock cycles.



10.6. Power Reduction Register
The Power Reduction Register (PRR) provides a method to stop the clock to individual peripherals to
reduce power consumption. The current state of the peripheral is frozen and the I/O registers can not be
read or written. Resources used by the peripheral when stopping the clock will remain occupied, hence
the peripheral should in most cases be disabled before stopping the clock. Waking up a module, which is
done by clearing the corresponding bit in the PRR, puts the module in the same state as before
shutdown.



Module shutdown can be used in Idle mode and Active mode to significantly reduce the overall power
consumption. In all other sleep modes, the clock is already stopped.



10.7. Minimizing Power Consumption
There are several possibilities to consider when trying to minimize the power consumption in an AVR
controlled system. In general, sleep modes should be used as much as possible, and the sleep mode
should be selected so that as few as possible of the device’s functions are operating. All functions not
needed should be disabled. In particular, the following modules may need special consideration when
trying to achieve the lowest possible power consumption.



10.7.1. Analog to Digital Converter
If enabled, the ADC will be enabled in all sleep modes. To save power, the ADC should be disabled
before entering any sleep mode. When the ADC is turned off and on again, the next conversion will be an
extended conversion.



10.7.2. Analog Comparator
When entering Idle mode, the Analog Comparator should be disabled if not used. When entering ADC
Noise Reduction mode, the Analog Comparator should be disabled. In other sleep modes, the Analog
Comparator is automatically disabled. However, if the Analog Comparator is set up to use the Internal
Voltage Reference as input, the Analog Comparator should be disabled in all sleep modes. Otherwise,
the Internal Voltage Reference will be enabled, independent of sleep mode.



10.7.3. Brown-Out Detector
If the Brown-Out Detector (BOD) is not needed by the application, this module should be turned off. If the
BOD is enabled by the BODLEVEL Fuses, it will be enabled in all sleep modes, and hence, always
consume power. In the deeper sleep modes, this will contribute significantly to the total current
consumption.



Related Links
System Control and Reset on page 66
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10.7.4. Internal Voltage Reference
The Internal Voltage Reference will be enabled when needed by the Brown-Out Detection, the Analog
Comparator or the Analog-to-Digital Converter. If these modules are disabled as described in the sections
above, the internal voltage reference will be disabled and it will not be consuming power. When turned on
again, the user must allow the reference to start up before the output is used. If the reference is kept on in
sleep mode, the output can be used immediately.



Related Links
System Control and Reset on page 66



10.7.5. Watchdog Timer
If the Watchdog Timer is not needed in the application, the module should be turned off. If the Watchdog
Timer is enabled, it will be enabled in all sleep modes and hence always consume power. In the deeper
sleep modes, this will contribute significantly to the total current consumption.



Related Links
System Control and Reset on page 66



10.7.6. Port Pins
When entering a sleep mode, all port pins should be configured to use minimum power. The most
important is then to ensure that no pins drive resistive loads. In sleep modes where both the I/O clock
(clkI/O) and the ADC clock (clkADC) are stopped, the input buffers of the device will be disabled. This
ensures that no power is consumed by the input logic when not needed. In some cases, the input logic is
needed for detecting wake-up conditions, and it will then be enabled. Refer to the section Digital Input
Enable and Sleep Modes for details on which pins are enabled. If the input buffer is enabled and the input
signal is left floating or have an analog signal level close to VCC/2, the input buffer will use excessive
power.



For analog input pins, the digital input buffer should be disabled at all times. An analog signal level close
to VCC/2 on an input pin can cause significant current even in active mode. Digital input buffers can be
disabled by writing to the Digital Input Disable Registers (DIDR0 for ADC, DIDR1 for AC).



Related Links
Digital Input Enable and Sleep Modes on page 98



10.7.7. On-chip Debug System
If the On-chip debug system is enabled by the Fuse and the chip enters sleep mode, the main clock
source is enabled and hence always consumes power. In the deeper sleep modes, this will contribute
significantly to the total current consumption.



10.8. Register Description
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10.8.1. Sleep Mode Control Register
The Sleep Mode Control Register contains control bits for power management.



When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  SMCR
Offset:  0x53
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x33



Bit 7 6 5 4 3 2 1 0  
     SM2 SM1 SM0 SE  



Access R/W R/W R/W R/W  
Reset 0 0 0 0  



Bit 3 – SM2: Sleep Mode Select 2
The SM[2:0] bits select between the five available sleep modes.



Table 10-2. Sleep Mode Select



SM2,SM1,SM0 Sleep Mode



000 Idle



001 ADC Noise Reduction



010 Power-down



011 Reserved



100 Reserved



101 Reserved



110 Standby(1)



111 Reserved



Note: 
1. Standby mode is only recommended for use with external .



Bit 2 – SM1: Sleep Mode Select 1
Refer to SM2.



Bit 1 – SM0: Sleep Mode Select 0
Refer to SM2.



Bit 0 – SE: Sleep Enable
The SE bit must be written to logic one to make the MCU enter the sleep mode when the SLEEP
instruction is executed. To avoid the MCU entering the sleep mode unless it is the programmer’s purpose,
it is recommended to write the Sleep Enable (SE) bit to one just before the execution of the SLEEP
instruction and to clear it immediately after waking up.
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10.8.2. Power Reduction Register



Name:  PRR
Offset:  0x64
Reset:  0x00
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
  PRCAN PRPSC PRTIM1 PRTIM0 PRSPI PRLIN PRADC  



Access R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0  



Bit 6 – PRCAN: Power Reduction CAN
Writing a logic one to this bit reduces the consumption of the CAN by stopping the clock to this module.
When waking up the CAN again, the CAN should be re initialized to ensure proper operation.



Bit 5 – PRPSC: Power Reduction PSC
Writing a logic one to this bit reduces the consumption of the PSC by stopping the clock to this module.
When waking up the PSC again, the PSC should be re initialized to ensure proper operation.



Bit 4 – PRTIM1: Power Reduction Timer/Counter1
Writing a logic one to this bit shuts down the Timer/Counter1 module. When the Timer/Counter1 is
enabled, operation will continue like before the shutdown.



Bit 3 – PRTIM0: Power Reduction Timer/Counter0
Writing a logic one to this bit shuts down the Timer/Counter0 module. When the Timer/Counter0 is
enabled, operation will continue like before the shutdown.



Bit 2 – PRSPI: Power Reduction Serial Peripheral Interface
If using debugWIRE On-chip Debug System, this bit should not be written to one. Writing a logic one to
this bit shuts down the Serial Peripheral Interface by stopping the clock to the module. When waking up
the SPI again, the SPI should be re initialized to ensure proper operation.



Bit 1 – PRLIN: Power Reduction LIN
Writing a logic one to this bit reduces the consumption of the LIN controller by stopping the clock to this
module. When waking up the LIN controller again, the LIN controller should be re initialized to ensure
proper operation.



Bit 0 – PRADC: Power Reduction ADC
Writing a logic one to this bit shuts down the ADC. The ADC must be disabled before shut down. The
analog comparator cannot use the ADC input MUX when the ADC is shut down.
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11. SCRST - System Control and Reset



11.1. Resetting the AVR
During reset, all I/O Registers are set to their initial values, and the program starts execution from the
Reset Vector. If the program never enables an interrupt source, the Interrupt Vectors are not used, and
regular program code can be placed at these locations. This is also the case if the Reset Vector is in the
Application section while the Interrupt Vectors are in the Boot section or vice versa. The circuit diagram in
the next section shows the reset logic.



The I/O ports of the AVR are immediately reset to their initial state when a reset source goes active. This
does not require any clock source to be running.



After all reset sources have gone inactive, a delay counter is invoked, stretching the internal reset. This
allows the power to reach a stable level before normal operation starts. The time-out period of the delay
counter is defined by the user through the SUT and CKSEL Fuses. The different selections for the delay
period are presented in the System Clock and Clock Options chapter.



Related Links
System Clock and Clock Options on page 47



11.2. Reset Sources
The device has the following sources of reset:



• Power-on Reset. The MCU is reset when the supply voltage is less than the Power-on Reset
threshold (VPOT).



• External Reset. The MCU is reset when a low level is present on the RESET pin for longer than the
minimum pulse length.



• Watchdog System Reset. The MCU is reset when the Watchdog Timer period expires and the
Watchdog System Reset mode is enabled.



• Brown-out Reset. The MCU is reset when the supply voltage VCC is less than the Brown-out Reset
threshold (VBOT) and the Brown-out Detector is enabled.
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Figure 11-1. Reset Logic
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11.3. Power-on Reset
A Power-on Reset (POR) pulse is generated by an On-chip detection circuit. The POR is activated
whenever VCC is below the detection level. The POR circuit can be used to trigger the start-up Reset, as
well as to detect a failure in supply voltage.



A Power-on Reset (POR) circuit ensures that the device is reset from Power-on. Reaching the Power-on
Reset threshold voltage invokes the delay counter, which determines how long the device is kept in Reset
after VCC rise. The Reset signal is activated again, without any delay, when VCC decreases below the
detection level.



Figure 11-2. MCU Start-up, RESET Tied to VCC
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Figure 11-3. MCU Start-up, RESET Extended Externally
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11.4. External Reset
An External Reset is generated by a low level on the RESET pin. Reset pulses longer than the minimum
pulse width will generate a reset, even if the clock is not running. Shorter pulses are not guaranteed to
generate a reset. When the applied signal reaches the Reset Threshold Voltage (VRST) on its positive
edge, the delay counter starts the MCU after the Time-out period (tTOUT ) has expired. The External Reset
can be disabled by the RSTDISBL fuse.



Figure 11-4. External Reset During Operation
CC



11.5. Brown-out Detection
The device has an On-chip Brown-out Detection (BOD) circuit for monitoring the VCC level during
operation by comparing it to a fixed trigger level. The trigger level for the BOD can be selected by the
BODLEVEL Fuses. The trigger level has a hysteresis to ensure spike free Brown-out Detection. The
hysteresis on the detection level should be interpreted as VBOT+ = VBOT + VHYST/2 and VBOT- = VBOT -
VHYST/2. When the BOD is enabled, and VCC decreases to a value below the trigger level (VBOT- in the
following figure), the Brown-out Reset is immediately activated. When VCC increases above the trigger
level (VBOT+ in the following figure), the delay counter starts the MCU after the Time-out period tTOUT has
expired.



The BOD circuit will only detect a drop in VCC if the voltage stays below the trigger level for longer than
tBOD.
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Figure 11-5. Brown-out Reset During Operation
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11.6. Watchdog System Reset
When the Watchdog times out, it will generate a short reset pulse of one CK cycle duration. On the falling
edge of this pulse, the delay timer starts counting the Time-out period tTOUT.



Figure 11-6. Watchdog System Reset During Operation
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11.7. Internal Voltage Reference
The device features an internal bandgap reference. This reference is used for Brown-out Detection, and it
can be used as an input to the Analog Comparator or the ADC.



11.7.1. Voltage Reference Enable Signals and Start-up Time
The voltage reference has a start-up time that may influence the way it should be used. To save power,
the reference is not always turned on. The reference is on during the following situations:



1. When the BOD is enabled (by programming the BODLEVEL [2:0] Fuses).
2. When the bandgap reference is connected to the Analog Comparator (by setting the ACBG bit in



ACSR (ACSR.ACBG)).
3. When the ADC is enabled.



Thus, when the BOD is not enabled, after setting ACSR.ACBG or enabling the ADC, the user must
always allow the reference to start up before the output from the Analog Comparator or ADC is used. To
reduce power consumption in Power-Down mode, the user can avoid the three conditions above to
ensure that the reference is turned off before entering Power-Down mode.
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11.8. Watchdog Timer
If the watchdog timer is not needed in the application, the module should be turned off. If the watchdog
timer is enabled, it will be enabled in all sleep modes and hence always consume power. In the deeper
sleep modes, this will contribute significantly to the total current consumption.



Refer to Watchdog System Reset for details on how to configure the watchdog timer.



11.8.1. Features
• Clocked from separate On-chip Oscillator
• Three operating modes:



– Interrupt
– System Reset
– Interrupt and System Reset



• Selectable Time-out period from 16ms to 8s
• Possible Hardware fuse Watchdog always on (WDTON) for fail-safe mode



11.8.2. Overview
The device has an Enhanced Watchdog Timer (WDT). The WDT is a timer counting cycles of a separate
on-chip 128kHz oscillator. The WDT gives an interrupt or a system reset when the counter reaches a
given time-out value. In normal operation mode, it is required that the system uses the Watchdog Timer
Reset (WDR) instruction to restart the counter before the time-out value is reached. If the system doesn't
restart the counter, an interrupt or system reset will be issued.



Figure 11-7. Watchdog Timer
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In Interrupt mode, the WDT gives an interrupt when the timer expires. This interrupt can be used to wake
the device from sleep-modes, and also as a general system timer. One example is to limit the maximum
time allowed for certain operations, giving an interrupt when the operation has run longer than expected.
In System Reset mode, the WDT gives a reset when the timer expires. This is typically used to prevent
system hang-up in case of runaway code. The third mode, Interrupt and System Reset mode, combines
the other two modes by first giving an interrupt and then switch to System Reset mode. This mode will for
instance allow a safe shutdown by saving critical parameters before a system reset.
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The Watchdog always on (WDTON) fuse, if programmed, will force the Watchdog Timer to System Reset
mode. With the fuse programmed the System Reset mode bit (WDE) and Interrupt mode bit (WDIE) are
locked to 1 and 0 respectively. To further ensure program security, alterations to the Watchdog set-up
must follow timed sequences. The sequence for clearing WDE and changing time-out configuration is as
follows:



1. In the same operation, write a logic one to the Watchdog change enable bit (WDCE) and Watchdog
System Reset Enable (WDE) in Watchdog Timer Control Register (WDTCSR.WDCE and
WDTCSR.WDE). A logic one must be written to WDTCSR.WDE regardless of the previous value of
the WDTCSR.WDE.



2. Within the next four clock cycles, write the WDTCSR.WDE and Watchdog prescaler bits group
(WDTCSR.WDP) as desired, but with the WDTCSR.WDCE cleared. This must be done in one
operation.



The following examples show a function for turning off the Watchdog Timer. The
examples assume that interrupts are controlled (e.g. by disabling interrupts globally) so
that no interrupts will occur during the execution of these functions.



Assembly Code Example



WDT_off:
   ; Turn off global interrupt
   cli
   ; Reset Watchdog Timer
   wdr
   ; Clear WDRF in MCUSR
   in      r16, MCUSR
   andi    r16, (0xff & (0<<WDRF))
   out     MCUSR, r16
   ; Write '1' to WDCE and WDE
   ; Keep old prescaler setting to prevent unintentional time-out
   lds     r16, WDTCSR
   ori     r16, (1<<WDCE) | (1<<WDE)
   sts     WDTCSR, r16
   ; Turn off WDT
   ldi     r16, (0<<WDE)
   sts     WDTCSR, r16
   ; Turn on global interrupt
   sei
   ret



C Code Example



void WDT_off(void)
{
    __disable_interrupt();
    __watchdog_reset();
    /* Clear WDRF in MCUSR */
    MCUSR &= ~(1<<WDRF);
    /* Write logical one to WDCE and WDE */
    /* Keep old prescaler setting to prevent unintentional time-out */
    WDTCSR |= (1<<WDCE) | (1<<WDE);
    /* Turn off WDT */
    WDTCSR = 0x00;
    __enable_interrupt();
}



Note:  If the Watchdog is accidentally enabled, for example by a runaway pointer or
brown-out condition, the device will be reset and the Watchdog Timer will stay enabled. If
the code is not set up to handle the Watchdog, this might lead to an eternal loop of time-
out resets. To avoid this situation, the application software should always clear the
Watchdog System Reset Flag (WDRF) and the WDE control bit in the initialization
routine, even if the Watchdog is not in use.
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The following code examples shows how to change the time-out value of the Watchdog
Timer.



Assembly Code Example



WDT_Prescaler_Change:
   ; Turn off global interrupt
   cli
   ; Reset Watchdog Timer
   wdr
   ; Start timed sequence
   lds r16, WDTCSR
   ori r16, (1<<WDCE) | (1<<WDE)
   sts WDTCSR, r16
   ; -- Got four cycles to set the new values from here -
   ; Set new prescaler(time-out) value = 64K cycles (~0.5 s)
   ldi r16, (1<<WDE) | (1<<WDP2) | (1<<WDP0)
   sts WDTCSR, r16
   ; -- Finished setting new values, used 2 cycles -
   ; Turn on global interrupt
   sei
   ret



C Code Example



void WDT_Prescaler_Change(void)
{
    __disable_interrupt();
    __watchdog_reset();
    /* Start timed sequence */
    WDTCSR |= (1<<WDCE) | (1<<WDE);
    /* Set new prescaler(time-out) value = 64K cycles (~0.5 s) */
    WDTCSR = (1<<WDE) | (1<<WDP2) | (1<<WDP0);
    __enable_interrupt();
}



Note:  The Watchdog Timer should be reset before any change of the WDTCSR.WDP
bits, since a change in the WDTCSR.WDP bits can result in a time-out when switching to
a shorter time-out period.



11.9. Register Description
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11.9.1. MCU Status Register
To make use of the Reset Flags to identify a reset condition, the user should read and then Reset the
MCUSR as early as possible in the program. If the register is cleared before another reset occurs, the
source of the reset can be found by examining the Reset Flags.
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  MCUSR
Offset:  0x54
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x34



Bit 7 6 5 4 3 2 1 0  
     WDRF BORF EXTRF PORF  



Access R/W R/W R/W R/W  
Reset 0 0 0 0  



Bit 3 – WDRF: Watchdog System Reset Flag
This bit is set if a Watchdog System Reset occurs. The bit is reset by a Power-on Reset, or by writing a '0'
to it.



Bit 2 – BORF: Brown-out Reset Flag
This bit is set if a Brown-out Reset occurs. The bit is reset by a Power-on Reset, or by writing a '0' to it.



Bit 1 – EXTRF: External Reset Flag
This bit is set if an External Reset occurs. The bit is reset by a Power-on Reset, or by writing a '0' to it.



Bit 0 – PORF: Power-on Reset Flag
This bit is set if a Power-on Reset occurs. The bit is reset only by writing a '0' to it.
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11.9.2. WDTCSR – Watchdog Timer Control Register



Name:  WDTCSR
Offset:  0x60
Reset:  0x00
Property:
 



Bit 7 6 5 4 3 2 1 0  
 WDIF WDIE WDP[3] WDCE WDE WDP[2:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – WDIF: Watchdog Interrupt Flag
This bit is set when a timeout occurs in the Watchdog Timer and the Watchdog Timer is configured for
interrupt. WDIF is cleared by hardware when executing the corresponding interrupt handling vector.
Alternatively, WDIF is cleared by writing a '1' to it. When the I-bit in SREG and WDIE are set, the
Watchdog Timeout Interrupt is executed.



Bit 6 – WDIE: Watchdog Interrupt Enable
When this bit is written to '1' and the I-bit in the Status Register is set, the Watchdog Interrupt is enabled.
If WDE is cleared in combination with this setting, the Watchdog Timer is in Interrupt Mode, and the
corresponding interrupt is executed if timeout in the Watchdog Timer occurs. If WDE is set, the Watchdog
Timer is in Interrupt and System Reset Mode. The first timeout in the Watchdog Timer will set WDIF.
Executing the corresponding interrupt vector will clear WDIE and WDIF automatically by hardware (the
Watchdog goes to System Reset Mode).



This is useful for keeping the Watchdog Timer security while using the interrupt. To stay in Interrupt and
System Reset Mode, WDIE must be set after each interrupt. This should however not be done within the
interrupt service routine itself, as this might compromise the safety function of the Watchdog System
Reset mode. If the interrupt is not executed before the next timeout, a System Reset will be applied.



Table 11-1. Watchdog Timer Configuration



WDTON(1) WDE WDIE Mode Action on Time-out



1 0 0 Stopped None



1 0 1 Interrupt Mode Interrupt



1 1 0 System Reset Mode Reset



1 1 1 Interrupt and System Reset Mode Interrupt, then go to System Reset Mode



0 x x System Reset Mode Reset



Note:  1. WDTON Fuse set to '0' means programmed and '1' means unprogrammed.



Bit 5 – WDP[3]: Watchdog Timer Prescaler 3



Bit 4 – WDCE: Watchdog Change Enable
This bit is used in timed sequences for changing WDE and prescaler bits. To clear the WDE bit, and/or
change the prescaler bits, WDCE must be set. Once written to '1', hardware will clear WDCE after four
clock cycles.
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Bit 3 – WDE: Watchdog System Reset Enable
WDE is overridden by WDRF in MCUSR. This means that WDE is always set when WDRF is set. To
clear WDE, WDRF must be cleared first. This feature ensures multiple resets during conditions causing
failure, and a safe startup after the failure.



Bits 2:0 – WDP[2:0]: Watchdog Timer Prescaler 2, 1, and 0
The WDP[3:0] bits determine the Watchdog Timer prescaling when the Watchdog Timer is running. The
different prescaling values and their corresponding timeout periods are shown in the following table.



Table 11-2. Watchdog Timer Prescale Select



WDP[3] WDP[2] WDP[1] WDP[0] Number of WDT Oscillator (Cycles) Oscillator



0 0 0 0 2K (2048) 16ms



0 0 0 1 4K (4096) 32ms



0 0 1 0 8K (8192) 64ms



0 0 1 1 16K (16384) 0.125s



0 1 0 0 32K (32768) 0.25s



0 1 0 1 64K (65536) 0.5s



0 1 1 0 128K (131072) 1.0s



0 1 1 1 256K (262144) 2.0s



1 0 0 0 512K (524288) 4.0s



1 0 0 1 1024K (1048576) 8.0s



1 0 1 0 Reserved



1 0 1 1



1 1 0 0



1 1 0 1



1 1 1 0



1 1 1 1
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12. INT- Interrupts
This section describes the specifics of the interrupt handling of the device. For a general explanation of
the AVR interrupt handling, refer to the description of Reset and Interrupt Handling.



In general:



• Each Interrupt Vector occupies .
• The Reset Vector is affected by the BOOTRST fuse, and the Interrupt Vector start address is



affected by the IVSEL bit in MCUCR.



Related Links
Reset and Interrupt Handling on page 29



12.1. Interrupt Vectors in ATmega16M1/32M1/64M1
Table 12-1. Reset and Interrupt Vectors in ATmega16M1/32M1/64M1



Vector No Program Address Source Interrupts definition



1 0x0000 RESET External Pin, Power-on Reset, Brown-out Reset, Watchdog System Reset,
and emulation AVR reset



2 0x0002 ANACOMP 0 Analog Comparator 0



3 0x0004 ANACOMP 1 Analog Comparator 1



4 0x0006 ANACOMP 2 Analog Comparator 2



5 0x0008 ANACOMP 3 Analog Comparator 3



6 0x000A PSC FAULT PSC fault



7 0x000C PSC EC PSC end of cycle



8 0x000E INT0 External Interrupt Request 0



9 0x0010 INT1 External Interrupt Request 1



10 0x0012 INT2 External Interrupt Request 2



11 0x0014 INT3 External Interrupt Request 3



12 0x0016 TIMER1 CAPT Timer/Counter1 capture event



13 0x0018 TIMER1 COMPA Timer/Counter1 compare match A



14 0x001A TIMER1 COMPB Timer/Counter1 compare match B



15 0x001C TIMER1 OVF Timer/Counter1 overflow



16 0x001E TIMER0 COMPA Timer/Counter0 compare match A



17 0x0020 TIMER0 COMPB Timer/Counter0 compare match B



18 0x0022 TIMER0 OVF Timer/Counter0 overflow



19 0x0024 CAN INT CAN MOB, burst, general errors



20 0x0026 CAN TOVF CAN timer overflow



21 0x0028 LIN TC LIN transfer complete



22 0x002A LIN ERR LIN error
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Vector No Program Address Source Interrupts definition



23 0x002C PCINT0 Pin change interrupt request 0



24 0x002E PCINT1 Pin change interrupt request 1



25 0x0030 PCINT2 Pin change interrupt request 2



26 0x0032 PCINT3 Pin change interrupt request 3



27 0x0034 SPI, STC SPI serial transfer complete



28 0x0036 ADC ADC conversion complete



29 0x0038 WDT Watchdog time-out interrupt



30 0x003A EE READY EEPROM ready



31 0x003C SPM READY Store program memory ready



Note: 
1. When the BOOTRST Fuse is programmed, the device will jump to the Boot Loader address at



reset, see Memory programming
2. When the IVSEL bit in MCUCR is set, Interrupt Vectors will be moved to the start of the Boot Flash



Section. The address of each Interrupt Vector will then be the address in this table added to the
start address of the Boot Flash Section.



The table below shows reset and Interrupt Vectors placement for the various combinations of BOOTRST
and IVSEL settings. If the program never enables an interrupt source, the Interrupt Vectors are not used,
and regular program code can be placed at these locations. This is also the case if the Reset Vector is in
the Application section while the Interrupt Vectors are in the Boot section or vice versa.



Table 12-2. Reset and Interrupt Vectors placement



BOOTRST IVSEL Reset Address Interrupt Vectors Start Address



1 0 0x0000 0x0002



1 1 0x0000 Boot Reset Address + 0x0002



0 0 Boot Reset Address 0x0002



0 1 Boot Reset Address Boot Reset Address + 0x0002



Note:  The Boot Reset Address is shown in Table Boot size configuration in Boot Loader Parameters.
For the BOOTRST Fuse “1” means unprogrammed while “0” means programmed.



The most typical and general program setup for the Reset and Interrupt Vector Addresses in this device
is:



Address Labels Code Comments
0x000 jmp RESET ; Reset Handler
0x002 jmp ANA_COMP_0 ; Analog Comparator 0 Handler
0x004 jmp ANA_COMP_1 ; Analog Comparator 1 Handler
0x006 jmp ANA_COMP_2 ; Analog Comparator 2 Handler
0x008 jmp ANA_COMP_3 ; Analog Comparator 3 Handler
0x00A jmp PSC_FAULT ; PSC Fault Handler
0x00C jmp PSC_EC ; PSC End of Cycle Handler
0x00E jmp EXT_INT0 ; IRQ0 Handler
0x010 jmp EXT_INT1 ; IRQ1 Handler
0x012 jmp EXT_INT2 ; IRQ2 Handler
0x014 jmp EXT_INT3 ; IRQ3 Handler
0x016 jmp TIM1_CAPT ; Timer1 Capture Handler
0x018 jmp TIM1_COMPA ; Timer1 Compare A Handler
0x01A jmp TIM1_COMPB ; Timer1 Compare B Handler
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0x01C jmp TIM1_OVF ; Timer1 Overflow Handler
0x01E jmp TIM0_COMPA ; Timer0 Compare A Handler
0x020 jmp TIM0_COMPB ; Timer0 Compare B Handler
0x022 jmp TIM0_OVF ; Timer0 Overflow Handler
0x024 jmp CAN_INT ; CAN MOB,Burst,General Errors Handler
0x026 jmp CAN_TOVF ; CAN Timer Overflow Handler
0x028 jmp LIN_TC ; LIN Transfer Complete Handler
0x02A jmp LIN_ERR ; LIN Error Handler
0x02C jmp PCINT0 ; Pin Change Int Request 0 Handler
0x02E jmp PCINT1 ; Pin Change Int Request 1 Handler
0x030 jmp PCINT2 ; Pin Change Int Request 2 Handler
0x032 jmp PCINT3 ; Pin Change Int Request 3 Handler
0x034 jmp SPI_STC ; SPI Transfer Complete Handler
0x036 jmp ADC ; ADC Conversion Complete Handler
0x038 jmp WDT ; Watchdog Timer Handler
0x03A jmp EE_RDY ; EEPROM Ready Handler
0x03C jmp SPM_RDY ; Store Program Memory Ready Handler
;
0x03ERESET: ldi r16, high(RAMEND); Main program start
0x03F out SPH,r16 ; Set Stack Pointer to top of RAM
0x040 ldi r16, low(RAMEND)
0x041 out SPL,r16
0x042 sei ; Enable interrupts
0x043 <instr> xxx
... ... ... ...



When the BOOTRST Fuse is unprogrammed, the Boot section size set to 2K bytes and the IVSEL bit in
the MCUCR Register is set before any interrupts are enabled, the most typical and general program
setup for the Reset and Interrupt Vector Addresses is:



Address Labels Code Comments
0x000 RESET: ldi r16,high(RAMEND); Main program start
0x001 out SPH,r16 ; Set Stack Pointer to top of RAM
0x002 ldi r16,low(RAMEND)
0x003 out SPL,r16
0x004 sei ; Enable interrupts
0x005 <instr> xxx
;
.org 0xC02
0xC02 jmp ANA_COMP_0 ; Analog Comparator 0 Handler
0xC04 jmp ANA_COMP_1 ; Analog Comparator 1 Handler
... ... ... ;
0xC3C jmp SPM_RDY ; Store Program Memory Ready Handler



When the BOOTRST Fuse is programmed and the Boot section size set to 2K bytes, the most typical and
general program setup for the Reset and Interrupt Vector Addresses is:



Address Labels Code Comments
.org 0x002
0x002 jmp ANA_COMP_0 ; Analog Comparator 0 Handler
0x004 jmp ANA_COMP_1 ; Analog Comparator 1 Handler
... ... ... ;
0x03C jmp SPM_RDY ; Store Program Memory Ready Handler
;
.org 0xC00
0xC00 RESET: ldi r16,high(RAMEND); Main program start
0xC01 out SPH,r16 ; Set Stack Pointer to top of RAM
0xC02 ldi r16,low(RAMEND)
0xC03 out SPL,r16
0xC04 sei ; Enable interrupts
0xC05 <instr> xxx



When the BOOTRST Fuse is programmed, the Boot section size set to 2K bytes and the IVSEL bit in the
MCUCR Register is set before any interrupts are enabled, the most typical and general program setup for
the Reset and Interrupt Vector Addresses is:
Address Labels Code Comments
;
.org 0xC00
0xC00 jmp RESET ; Reset handler
0xC02 jmp ANA_COMP_0 ; Analog Comparator 0 Handler
0xC04 jmp ANA_COMP_1 ; Analog Comparator 1 Handler



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



78











... ... ... ;
0xC3C jmp SPM_RDY ; Store Program Memory Ready Handler
;
0xC3E RESET: ldi r16,high(RAMEND); Main program start
0xC3F out SPH,r16 ; Set Stack Pointer to top of RAM
0xC40 ldi r16,low(RAMEND)
0xC41 out SPL,r16
0xC42 sei ; Enable interrupts
0xC43 <instr> xxx



12.2. Register Description



12.2.1. Moving Interrupts Between Application and Boot Space
The MCU Control Register controls the placement of the Interrupt Vector table.
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12.2.2. MCU Control Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  MCUCR
Offset:  0x55
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x35



Bit 7 6 5 4 3 2 1 0  
 SPIPS   PUD   IVSEL IVCE  



Access R/W R/W R/W R/W  
Reset 0 0 0 0  



Bit 7 – SPIPS: SPI Pin Redirection
Thanks to SPIPS (SPI Pin Select) in MCUCR Sfr, SPI pins can be redirected. Note that the programming
port is always located on alternate SPI port.



Value Description
0 When the SPIPS bit is written to zero, the SPI signals are directed on pins MISO, MOSI,



SCK and SS
1 When the SPIPS bit is written to one,the SPI signals are directed on alternate SPI pins,



MISO_A, MOSI_A, SCK_A and SS_A



Bit 4 – PUD: Pull-up Disable
When this bit is written to one, the pull-ups in the I/O ports are disabled even if the DDxn and PORTxn
Registers are configured to enable the pull-ups ({DDxn, PORTxn} = 0b01).



Bit 1 – IVSEL: Interrupt Vector Select
When the IVSEL bit is cleared (zero), the Interrupt Vectors are placed at the start of the Flash memory.
When this bit is set (one), the Interrupt Vectors are moved to the beginning of the Boot Loader section of
the Flash. The actual address of the start of the Boot Flash Section is determined by the BOOTSZ Fuses.
To avoid unintentional changes of Interrupt Vector tables, a special write procedure must be followed to
change the IVSEL bit:



1. Write the Interrupt Vector Change Enable (IVCE) bit to one.
2. Within four cycles, write the desired value to IVSEL while writing a zero to IVCE.



Interrupts will automatically be disabled while this sequence is executed. Interrupts are disabled in the
cycle IVCE is set, and they remain disabled until after the instruction following the write to IVSEL. If
IVSEL is not written, interrupts remain disabled for four cycles. The I-bit in the Status Register is
unaffected by the automatic disabling.



Note:  If Interrupt Vectors are placed in the Boot Loader section and Boot Lock bit BLB02 is
programmed, interrupts are disabled while executing from the Application section. If Interrupt Vectors are
placed in the Application section and Boot Lock bit BLB12 is programed, interrupts are disabled while
executing from the Boot Loader section.
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Bit 0 – IVCE: Interrupt Vector Change Enable
The IVCE bit must be written to logic one to enable change of the IVSEL bit. IVCE is cleared by hardware
four cycles after it is written or when IVSEL is written. Setting the IVCE bit will disable interrupts, as
explained in the IVSEL description above. See Code Example below.



Assembly Code Example



Move_interrupts:
; Get MCUCR
in    r16, MCUCR
mov   r17, r16
; Enable change of Interrupt Vectors
ori   r16, (1<<IVCE)
out   MCUCR, r16
; Move interrupts to Boot Flash section
ori   r17, (1<<IVSEL)
out   MCUCR, r17
ret



C Code Example



void Move_interrupts(void)
{
uchar temp;
/* GET MCUCR*/
temp = MCUCR;
/* Enable change of Interrupt Vectors */
MCUCR = temp|(1<<IVCE);
/* Move interrupts to Boot Flash section */
MCUCR = temp|(1<<IVSEL);
}
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13. External Interrupts



13.1. EXINT - External Interrupts
The External Interrupts are triggered by the INT pin or any of the PCINT pins. Observe that, if enabled,
the interrupts will trigger even if the INT or PCINT pins are configured as outputs. This feature provides a
way of generating a software interrupt.



The Pin Change Interrupt Request 3 (PCI3) will trigger if any enabled PCINT[31:24] pin toggles. The Pin
Change Interrupt Request 2 (PCI2) will trigger if any enabled PCINT[23:16] pin toggles. The Pin Change
Interrupt Request 1 (PCI1) will trigger if any enabled PCINT[15:8] pin toggles. The Pin Change Interrupt
Request 0 (PCI0) will trigger if any enabled PCINT[7:0] pin toggles. The PCMSK3, PCMSK2, PCMSK1
and PCMSK0 Registers control which pins contribute to the pin change interrupts. Pin change interrupts
on PCINT are detected asynchronously. This implies that these interrupts can be used for waking the part
also from sleep modes other than Idle mode.



The external interrupts can be triggered by a falling or rising edge or a low level. This is set up as
indicated in the specification for the External Interrupt Control Register A (EICRA). When the external
interrupts are enabled and are configured as level triggered, the interrupts will trigger as long as the pin is
held low. Note that recognition of falling or rising edge interrupts on INT requires the presence of an I/O
clock. Low level interrupt on INT is detected asynchronously. This implies that this interrupt can be used
for waking the part also from sleep modes other than Idle mode. The I/O clock is halted in all sleep modes
except Idle mode.



Note:  Note that if a level triggered interrupt is used for wake-up from Power-down, the required level
must be held long enough for the MCU to complete the wake-up to trigger the level interrupt. If the level
disappears before the end of the Start-up Time, the MCU will still wake up, but no interrupt will be
generated. The start-up time is defined by the SUT and CKSEL Fuses.



Related Links
System Clock and Clock Options on page 47



13.1.1. Pin Change Interrupt Timing
An example of timing of a pin change interrupt is shown in the following figure.



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



82











Figure 13-1. Timing of pin change interrupts
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13.2. Register Description
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13.2.1. External Interrupt Control Register A
The External Interrupt Control Register A contains control bits for interrupt sense control.



Name:  EICRA
Offset:  0x69
Reset:  0x00
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
 ISC31 ISC30 ISC21 ISC20 ISC11 ISC10 ISC01 ISC00  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 7:6 – ISC3n: Interrupt Sense Control 3 [n = 1:0]
The External Interrupt 3 is activated by the external pin INT3 if the SREG I-flag and the corresponding
interrupt mask are set. The level and edges on the external INT3 pin that activate the interrupt are defined
in table below. The value on the INT3 pin is sampled before detecting edges. If edge or toggle interrupt is
selected, pulses that last longer than one clock period will generate an interrupt. Shorter pulses are not
guaranteed to generate an interrupt. If low level interrupt is selected, the low level must be held until the
completion of the currently executing instruction to generate an interrupt.



Value Description
00 The low level of INT3 generates an interrupt request.
01 Any logical change on INT3 generates an interrupt request.
10 The falling edge of INT3 generates an interrupt request.
11 The rising edge of INT3 generates an interrupt request.



Bits 5:4 – ISC2n: Interrupt Sense Control 2 [n = 1:0]
The External Interrupt 2 is activated by the external pin INT2 if the SREG I-flag and the corresponding
interrupt mask are set. The level and edges on the external INT2 pin that activate the interrupt are defined
in table below. The value on the INT2 pin is sampled before detecting edges. If edge or toggle interrupt is
selected, pulses that last longer than one clock period will generate an interrupt. Shorter pulses are not
guaranteed to generate an interrupt. If low level interrupt is selected, the low level must be held until the
completion of the currently executing instruction to generate an interrupt.



Value Description
00 The low level of INT2 generates an interrupt request.
01 Any logical change on INT2 generates an interrupt request.
10 The falling edge of INT2 generates an interrupt request.
11 The rising edge of INT2 generates an interrupt request.



Bits 3:2 – ISC1n: Interrupt Sense Control 1 [n = 1:0]
The External Interrupt 1 is activated by the external pin INT1 if the SREG I-flag and the corresponding
interrupt mask are set. The level and edges on the external INT1 pin that activate the interrupt are defined
in the table below. The value on the INT1 pin is sampled before detecting edges. If edge or toggle
interrupt is selected, pulses that last longer than one clock period will generate an interrupt. Shorter
pulses are not guaranteed to generate an interrupt. If low level interrupt is selected, the low level must be
held until the completion of the currently executing instruction to generate an interrupt.



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



84











Value Description
00 The low level of INT1 generates an interrupt request.
01 Any logical change on INT1 generates an interrupt request.
10 The falling edge of INT1 generates an interrupt request.
11 The rising edge of INT1 generates an interrupt request.



Bits 1:0 – ISC0n: Interrupt Sense Control 0 [n = 1:0]
The External Interrupt 0 is activated by the external pin INT0 if the SREG I-flag and the corresponding
interrupt mask are set. The level and edges on the external INT0 pin that activate the interrupt are defined
in table below. The value on the INT0 pin is sampled before detecting edges. If edge or toggle interrupt is
selected, pulses that last longer than one clock period will generate an interrupt. Shorter pulses are not
guaranteed to generate an interrupt. If low level interrupt is selected, the low level must be held until the
completion of the currently executing instruction to generate an interrupt.



Value Description
00 The low level of INT0 generates an interrupt request.
01 Any logical change on INT0 generates an interrupt request.
10 The falling edge of INT0 generates an interrupt request.
11 The rising edge of INT0 generates an interrupt request.
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13.2.2. External Interrupt Mask Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  EIMSK
Offset:  0x3D
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x1D



Bit 7 6 5 4 3 2 1 0  
     INT3 INT2 INT1 INT0  



Access R/W R/W R/W R/W  
Reset 0 0 0 0  



Bit 3 – INT3: External Interrupt Request 3 Enable
When the INT3 bit is set and the I-bit in the Status Register (SREG) is set, the external pin interrupt is
enabled. The Interrupt Sense Control3 bits 1/0 (ISC31 and ISC30) in the External Interrupt Control
Register A (EICRA) define whether the external interrupt is activated on rising and/or falling edge of the
INT3 pin or level sensed. Activity on the pin will cause an interrupt request even if INT3 is configured as
an output. The corresponding interrupt of External Interrupt Request 3 is executed from the INT3 Interrupt
Vector.



Bit 2 – INT2: External Interrupt Request 2 Enable
When the INT2 bit is set and the I-bit in the Status Register (SREG) is set, the external pin interrupt is
enabled. The Interrupt Sense Control2 bits 1/0 (ISC21 and ISC20) in the External Interrupt Control
Register A (EICRA) define whether the external interrupt is activated on rising and/or falling edge of the
INT2 pin or level sensed. Activity on the pin will cause an interrupt request even if INT2 is configured as
an output. The corresponding interrupt of External Interrupt Request 2 is executed from the INT2 Interrupt
Vector.



Bit 1 – INT1: External Interrupt Request 1 Enable
When the INT1 bit is set and the I-bit in the Status Register (SREG) is set, the external pin interrupt is
enabled. The Interrupt Sense Control1 bits 1/0 (ISC11 and ISC10) in the External Interrupt Control
Register A (EICRA) define whether the external interrupt is activated on rising and/or falling edge of the
INT1 pin or level sensed. Activity on the pin will cause an interrupt request even if INT1 is configured as
an output. The corresponding interrupt of External Interrupt Request 1 is executed from the INT1 Interrupt
Vector.



Bit 0 – INT0: External Interrupt Request 0 Enable
When the INT0 bit is set and the I-bit in the Status Register (SREG) is set, the external pin interrupt is
enabled. The Interrupt Sense Control0 bits 1/0 (ISC01 and ISC00) in the External Interrupt Control
Register A (EICRA) define whether the external interrupt is activated on rising and/or falling edge of the
INT0 pin or level sensed. Activity on the pin will cause an interrupt request even if INT0 is configured as
an output. The corresponding interrupt of External Interrupt Request 0 is executed from the INT0 Interrupt
Vector.
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13.2.3. External Interrupt Flag Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  EIFR
Offset:  0x3C
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x1C



Bit 7 6 5 4 3 2 1 0  
     INTF3 INTF2 INTF1 INTF0  



Access R/W R/W R/W R/W  
Reset 0 0 0 0  



Bit 3 – INTF3: External Interrupt Flag 3
When an edge or logic change on the INT3 pin triggers an interrupt request, INTF3 will be set. If the I-bit
in SREG and the INT3 bit in EIMSK are set, the MCU will jump to the corresponding Interrupt Vector. The
flag is cleared when the interrupt routine is executed. Alternatively, the flag can be cleared by writing '1' to
it. This flag is always cleared when INT3 is configured as a level interrupt.



Bit 2 – INTF2: External Interrupt Flag 2
When an edge or logic change on the INT2 pin triggers an interrupt request, INTF2 will be set. If the I-bit
in SREG and the INT2 bit in EIMSK are set, the MCU will jump to the corresponding Interrupt Vector. The
flag is cleared when the interrupt routine is executed. Alternatively, the flag can be cleared by writing '1' to
it. This flag is always cleared when INT2 is configured as a level interrupt.



Bit 1 – INTF1: External Interrupt Flag 1
When an edge or logic change on the INT1 pin triggers an interrupt request, INTF1 will be set. If the I-bit
in SREG and the INT1 bit in EIMSK are set, the MCU will jump to the corresponding Interrupt Vector. The
flag is cleared when the interrupt routine is executed. Alternatively, the flag can be cleared by writing '1' to
it. This flag is always cleared when INT1 is configured as a level interrupt.



Bit 0 – INTF0: External Interrupt Flag 0
When an edge or logic change on the INT0 pin triggers an interrupt request, INTF0 will be set. If the I-bit
in SREG and the INT0 bit in EIMSK are set, the MCU will jump to the corresponding Interrupt Vector. The
flag is cleared when the interrupt routine is executed. Alternatively, the flag can be cleared by writing '1' to
it. This flag is always cleared when INT0 is configured as a level interrupt.
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13.2.4. Pin Change Interrupt Control Register



Name:  PCICR
Offset:  0x68
Reset:  0x00
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
     PCIE3 PCIE2 PCIE1 PCIE0  



Access R/W R/W R/W R/W  
Reset 0 0 0 0  



Bit 3 – PCIE3: Pin Change Interrupt Enable 3
When the PCIE3 bit is set and the I-bit in the Status Register (SREG) is set, pin change interrupt 3 is
enabled. Any change on any enabled PCINT[31:24] pin will cause an interrupt. The corresponding
interrupt of Pin Change Interrupt Request is executed from the PCI3 Interrupt Vector. PCINT[31:24] pins
are enabled individually by the PCMSK3 Register.



Bit 2 – PCIE2: Pin Change Interrupt Enable 2
When the PCIE2 bit is set and the I-bit in the Status Register (SREG) is set, pin change interrupt 2 is
enabled. Any change on any enabled PCINT[23:16] pin will cause an interrupt. The corresponding
interrupt of Pin Change Interrupt Request is executed from the PCI2 Interrupt Vector. PCINT[23:16] pins
are enabled individually by the PCMSK2 Register.



Bit 1 – PCIE1: Pin Change Interrupt Enable 1
When the PCIE1 bit is set and the I-bit in the Status Register (SREG) is set, pin change interrupt 1 is
enabled. Any change on any enabled PCINT[14:8] pin will cause an interrupt. The corresponding interrupt
of Pin Change Interrupt Request is executed from the PCI1 Interrupt Vector. PCINT[14:8] pins are
enabled individually by the PCMSK1 Register.



Bit 0 – PCIE0: Pin Change Interrupt Enable 0
When the PCIE0 bit is set and the I-bit in the Status Register (SREG) is set, pin change interrupt 0 is
enabled. Any change on any enabled PCINT[7:0] pin will cause an interrupt. The corresponding interrupt
of Pin Change Interrupt Request is executed from the PCI0 Interrupt Vector. PCINT[7:0] pins are enabled
individually by the PCMSK0 Register.
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13.2.5. Pin Change Interrupt Flag Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  PCIFR
Offset:  0x3B
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x1B



Bit 7 6 5 4 3 2 1 0  
     PCIF3 PCIF2 PCIF1 PCIF0  



Access R/W R/W R/W R/W  
Reset 0 0 0 0  



Bit 3 – PCIF3: Pin Change Interrupt Flag 3
When a logic change on any PCINT[31:24] pin triggers an interrupt request, PCIF3 will be set. If the I-bit
in SREG and the PCIE3 bit in PCICR are set, the MCU will jump to the corresponding Interrupt Vector.
The flag is cleared when the interrupt routine is executed. Alternatively, the flag can be cleared by writing
'1' to it.



Bit 2 – PCIF2: Pin Change Interrupt Flag 2
When a logic change on any PCINT[23:16] pin triggers an interrupt request, PCIF2 will be set. If the I-bit
in SREG and the PCIE2 bit in PCICR are set, the MCU will jump to the corresponding Interrupt Vector.
The flag is cleared when the interrupt routine is executed. Alternatively, the flag can be cleared by writing
'1' to it.



Bit 1 – PCIF1: Pin Change Interrupt Flag 1
When a logic change on any PCINT[15:8] pin triggers an interrupt request, PCIF1 will be set. If the I-bit in
SREG and the PCIE1 bit in PCICR are set, the MCU will jump to the corresponding Interrupt Vector. The
flag is cleared when the interrupt routine is executed. Alternatively, the flag can be cleared by writing '1' to
it.



Bit 0 – PCIF0: Pin Change Interrupt Flag 0
When a logic change on any PCINT[7:0] pin triggers an interrupt request, PCIF0 will be set. If the I-bit in
SREG and the PCIE0 bit in PCICR are set, the MCU will jump to the corresponding Interrupt Vector. The
flag is cleared when the interrupt routine is executed. Alternatively, the flag can be cleared by writing '1' to
it.
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13.2.6. Pin Change Mask Register 3



Name:  PCMSK3
Offset:  0x6D
Reset:  0x00
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
      PCINT26 PCINT25 PCINT24  



Access R/W R/W R/W  
Reset 0 0 0  



Bits 0, 1, 2 – PCINT24, PCINT25, PCINT26: Pin Change Enable Mask
Each PCINT[26:24]-bit selects whether pin change interrupt is enabled on the corresponding I/O pin. If
PCINT[26:24] is set and the PCIE3 bit in PCICR is set, pin change interrupt is enabled on the
corresponding I/O pin. If PCINT[26:24] is cleared, pin change interrupt on the corresponding I/O pin is
disabled.
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13.2.7. Pin Change Mask Register 2



Name:  PCMSK2
Offset:  0x6C
Reset:  0x00
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
 PCINT23 PCINT22 PCINT21 PCINT20 PCINT19 PCINT18 PCINT17 PCINT16  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7 – PCINT16, PCINT17, PCINT18, PCINT19, PCINT20, PCINT21, PCINT22,
PCINT23: Pin Change Enable Mask
Each PCINT[23:16]-bit selects whether pin change interrupt is enabled on the corresponding I/O pin. If
PCINT[23:16] is set and the PCIE2 bit in PCICR is set, pin change interrupt is enabled on the
corresponding I/O pin. If PCINT[23:16] is cleared, pin change interrupt on the corresponding I/O pin is
disabled.
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13.2.8. Pin Change Mask Register 1



Name:  PCMSK1
Offset:  0x6B
Reset:  0x00
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
 PCINT15 PCINT14 PCINT13 PCINT12 PCINT11 PCINT10 PCINT9 PCINT8  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7 – PCINT8, PCINT9, PCINT10, PCINT11, PCINT12, PCINT13, PCINT14,
PCINT15: Pin Change Enable Mask
Each PCINT[15:8]-bit selects whether pin change interrupt is enabled on the corresponding I/O pin. If
PCINT[15:8] is set and the PCIE1 bit in PCICR is set, pin change interrupt is enabled on the
corresponding I/O pin. If PCINT[15:8] is cleared, pin change interrupt on the corresponding I/O pin is
disabled.
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13.2.9. Pin Change Mask Register 0



Name:  PCMSK0
Offset:  0x6A
Reset:  0x00
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
 PCINT7 PCINT6 PCINT5 PCINT4 PCINT3 PCINT2 PCINT1 PCINT0  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 7:0 – PCINTn: Pin Change Enable Mask [n = 7:0]
Each PCINT[7:0] bit selects whether pin change interrupt is enabled on the corresponding I/O pin. If
PCINT[7:0] is set and the PCIE0 bit in PCICR is set, pin change interrupt is enabled on the corresponding
I/O pin. If PCINT[7:0] is cleared, pin change interrupt on the corresponding I/O pin is disabled.
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14. I/O-Ports



14.1. Overview
All AVR ports have true Read-Modify-Write functionality when used as general digital I/O ports. This
means that the direction of one port pin can be changed without unintentionally changing the direction of
any other pin with the SBI and CBI instructions. The same applies when changing drive value (if
configured as output) or enabling/disabling of pull-up resistors (if configured as input). Each output buffer
has symmetrical drive characteristics with both high sink and source capability. The pin driver is strong
enough to drive LED displays directly. All port pins have individually selectable pull-up resistors with a
supply-voltage invariant resistance. All I/O pins have protection diodes to both VCC and Ground as
indicated in the following figure.



Figure 14-1. I/O Pin Equivalent Schematic



Cpin



Logic



Rpu



See Figure
"General Digital I/O" for



Details



Pxn



All registers and bit references in this section are written in general form. A lower case “x” represents the
numbering letter for the port, and a lower case “n” represents the bit number. However, when using the
register or bit defines in a program, the precise form must be used. For example, PORTB3 for bit no. 3 in
Port B, here documented generally as PORTxn.



I/O memory address locations are allocated for each port, one each for the Data Register – PORTx, Data
Direction Register – DDRx, and the Port Input Pins – PINx. The Port Input Pins I/O location is read only,
while the Data Register and the Data Direction Register are read/write. However, writing '1' to a bit in the
PINx Register will result in a toggle in the corresponding bit in the Data Register. In addition, the Pull-up
Disable – PUD bit in MCUCR disables the pull-up function for all pins in all ports when set.



Using the I/O port as General Digital I/O is described in next section. Most port pins are multiplexed with
alternate functions for the peripheral features on the device. How each alternate function interferes with
the port pin is described in Alternate Port Functions section in this chapter. Refer to the individual module
sections for a full description of the alternate functions.



Enabling the alternate function of some of the port pins does not affect the use of the other pins in the
port as general digital I/O.
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14.2. Ports as General Digital I/O
The ports are bi-directional I/O ports with optional internal pull-ups. The following figure shows the
functional description of one I/O-port pin, here generically called Pxn.



Figure 14-2. General Digital I/O(1)
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Note: 1. WRx, WPx, WDx, RRx, RPx, and RDx are common to all pins within the same port. clkI/O,
SLEEP, and PUD are common to all ports.



14.2.1. Configuring the Pin
Each port pin consists of three register bits: DDxn, PORTxn, and PINxn. As shown in the Register
Description, the DDxn bits are accessed at the DDRx I/O address, the PORTxn bits at the PORTx I/O
address, and the PINxn bits at the PINx I/O address.



The DDxn bit in the DDRx Register selects the direction of this pin. If DDxn is written to '1', Pxn is
configured as an output pin. If DDxn is written to '0', Pxn is configured as an input pin.



If PORTxn is written to '1' when the pin is configured as an input pin, the pull-up resistor is activated. To
switch the pull-up resistor off, PORTxn has to be written to '0' or the pin has to be configured as an output
pin. The port pins are tri-stated when reset condition becomes active, even if no clocks are running.



If PORTxn is written to '1' when the pin is configured as an output pin, the port pin is driven high. If
PORTxn is written logic zero when the pin is configured as an output pin, the port pin is driven low.
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14.2.2. Toggling the Pin
Writing a '1' to PINxn toggles the value of PORTxn, independent on the value of DDRxn. The SBI
instruction can be used to toggle one single bit in a port.



14.2.3. Switching Between Input and Output
When switching between tri-state ({DDxn, PORTxn} = 0b00) and output high ({DDxn, PORTxn} = 0b11),
an intermediate state with either pull-up enabled {DDxn, PORTxn} = 0b01) or output low ({DDxn,
PORTxn} = 0b10) must occur. Normally, the pull-up enabled state is fully acceptable, as a high-
impedance environment will not notice the difference between a strong high driver and a pull-up. If this is
not the case, the PUD bit in the MCUCR Register can be set to disable all pull-ups in all ports.



Switching between input with pull-up and output low generates the same problem. The user must use
either the tri-state ({DDxn, PORTxn} = 0b00) or the output high state ({DDxn, PORTxn} = 0b11) as an
intermediate step.



The following table summarizes the control signals for the pin value.



Table 14-1. Port Pin Configurations



DDxn PORTxn PUD
(in MCUCR)



I/O Pull-up Comment



0 0 X Input No Tri-state (Hi-Z)



0 1 0 Input Yes Pxn will source current if ext. pulled low



0 1 1 Input No Tri-state (Hi-Z)



1 0 X Output No Output Low (Sink)



1 1 X Output No Output High (Source)



14.2.4. Reading the Pin Value
Independent of the setting of Data Direction bit DDxn, the port pin can be read through the PINxn
Register bit. As shown in Ports as General Digital I/O, the PINxn Register bit and the preceding latch
constitute a synchronizer. This is needed to avoid metastability if the physical pin changes value near the
edge of the internal clock, but it also introduces a delay. The following figure shows a timing diagram of
the synchronization when reading an externally applied pin value. The maximum and minimum
propagation delays are denoted tpd,max and tpd,min respectively.



Figure 14-3. Synchronization when Reading an Externally Applied Pin value
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Consider the clock period starting shortly after the first falling edge of the system clock. The latch is
closed when the clock is low, and goes transparent when the clock is high, as indicated by the shaded
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region of the “SYNC LATCH” signal. The signal value is latched when the system clock goes low. It is
clocked into the PINxn Register at the succeeding positive clock edge. As indicated by the two arrows
tpd,max and tpd,min, a single signal transition on the pin will be delayed between ½ and 1½ system clock
period depending upon the time of assertion.



When reading back a software assigned pin value, a nop instruction must be inserted as indicated in the
following figure. The out instruction sets the “SYNC LATCH” signal at the positive edge of the clock. In
this case, the delay tpd through the synchronizer is 1 system clock period.



Figure 14-4. Synchronization when Reading a Software Assigned Pin Value
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The following code example shows how to set port B pins 0 and 1 high, 2 and 3 low, and define the port
pins from 4 to 7 as input with pull-ups assigned to port pins 6 and 7. The resulting pin values are read
back again, but as previously discussed, a nop instruction is included to be able to read back the value
recently assigned to some of the pins.



Assembly Code Example(1)



...
 ; Define pull-ups and set outputs high
 ; Define directions for port pins
 ldi r16,(1<<PB7)|(1<<PB6)|(1<<PB1)|(1<<PB0)
 ldi r17,(1<<DDB3)|(1<<DDB2)|(1<<DDB1)|(1<<DDB0)
 out PORTB,r16
 out DDRB,r17
 ; Insert nop for synchronization
 nop
 ; Read port pins
 in r16,PINB
 ...



Note:  1. For the assembly program, two temporary registers are used to minimize the
time from pull-ups are set on pins 0, 1, 6, and 7, until the direction bits are correctly set,
defining bit 2 and 3 as low and redefining bits 0 and 1 as strong high drivers.



C Code Example



unsigned char i;
 ...
 /* Define pull-ups and set outputs high */
 /* Define directions for port pins */
 PORTB = (1<<PB7)|(1<<PB6)|(1<<PB1)|(1<<PB0);
 DDRB = (1<<DDB3)|(1<<DDB2)|(1<<DDB1)|(1<<DDB0);
 /* Insert nop for synchronization*/
 __no_operation();
 /* Read port pins */
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 i = PINB;
 ...



14.2.5. Digital Input Enable and Sleep Modes
As shown in the figure of General Digital I/O, the digital input signal can be clamped to ground at the input
of the Schmitt Trigger. The signal denoted SLEEP in the figure, is set by the MCU Sleep Controller in
Power-down mode and Standby mode to avoid high power consumption if some input signals are left
floating, or have an analog signal level close to VCC/2.



SLEEP is overridden for port pins enabled as external interrupt pins. If the external interrupt request is not
enabled, SLEEP is active also for these pins. SLEEP is also overridden by various other alternate
functions as described in Alternate Port Functions section in this chapter.



If a logic high level is present on an asynchronous external interrupt pin configured as “Interrupt on Rising
Edge, Falling Edge, or Any Logic Change on Pin” while the external interrupt is not enabled, the
corresponding External Interrupt Flag will be set when resuming from the above mentioned Sleep mode,
as the clamping in these sleep mode produces the requested logic change.



14.2.6. Unconnected Pins
If some pins are unused, it is recommended to ensure that these pins have a defined level. Even though
most of the digital inputs are disabled in the deep sleep modes as described above, floating inputs should
be avoided to reduce current consumption in all other modes where the digital inputs are enabled (Reset,
Active mode and Idle mode).



The simplest method to ensure a defined level of an unused pin, is to enable the internal pull-up. In this
case, the pull-up will be disabled during reset. If low power consumption during reset is important, it is
recommended to use an external pull-up or pull-down. Connecting unused pins directly to VCC or GND is
not recommended, since this may cause excessive currents if the pin is accidentally configured as an
output.



14.3. Alternate Port Functions
Most port pins have alternate functions in addition to being general digital I/Os. The following figure
shows how the port pin control signals from the simplified Figure 14-2 can be overridden by alternate
functions. The overriding signals may not be present in all port pins, but the figure serves as a generic
description applicable to all port pins in the AVR microcontroller family.
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Figure 14-5. Alternate Port Functions(1)
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Note:  1. WRx, WPx, WDx, RRx, RPx, and RDx are common to all pins within the same port. clkI/O,
SLEEP, and PUD are common to all ports. All other signals are unique for each pin.



The following table summarizes the function of the overriding signals. The pin and port indexes from
previous figure are not shown in the succeeding tables. The overriding signals are generated internally in
the modules having the alternate function.
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Table 14-2. Generic Description of Overriding Signals for Alternate Functions



Signal
Name



Full Name Description



PUOE Pull-up Override
Enable



If this signal is set, the pull-up enable is controlled by the PUOV signal. If this
signal is cleared, the pull-up is enabled when {DDxn, PORTxn, PUD} = 0b010.



PUOV Pull-up Override
Value



If PUOE is set, the pull-up is enabled/disabled when PUOV is set/cleared,
regardless of the setting of the DDxn, PORTxn, and PUD Register bits.



DDOE Data Direction
Override Enable



If this signal is set, the Output Driver Enable is controlled by the DDOV signal. If
this signal is cleared, the Output driver is enabled by the DDxn Register bit.



DDOV Data Direction
Override Value



If DDOE is set, the Output Driver is enabled/disabled when DDOV is set/cleared,
regardless of the setting of the DDxn Register bit.



PVOE Port Value
Override Enable



If this signal is set and the Output Driver is enabled, the port value is controlled
by the PVOV signal. If PVOE is cleared, and the Output Driver is enabled, the
port Value is controlled by the PORTxn Register bit.



PVOV Port Value
Override Value



If PVOE is set, the port value is set to PVOV, regardless of the setting of the
PORTxn Register bit.



DIEOE Digital Input
Enable Override
Enable



If this bit is set, the Digital Input Enable is controlled by the DIEOV signal. If this
signal is cleared, the Digital Input Enable is determined by MCU state (Normal
mode, sleep mode).



DIEOV Digital Input
Enable Override
Value



If DIEOE is set, the Digital Input is enabled/disabled when DIEOV is set/cleared,
regardless of the MCU state (Normal mode, sleep mode).



DI Digital Input This is the Digital Input to alternate functions. In the figure, the signal is
connected to the output of the Schmitt Trigger but before the synchronizer.
Unless the Digital Input is used as a clock source, the module with the alternate
function will use its own synchronizer.



AIO Analog Input/
Output



This is the Analog Input/output to/from alternate functions. The signal is
connected directly to the pad, and can be used bi-directionally.



The following subsections shortly describe the alternate functions for each port, and relate the overriding
signals to the alternate function. Refer to the alternate function description for further details.



14.3.1. Alternate Functions of Port B
The Port B pins with alternate functions are shown in the table below:



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



100











Table 14-3. Port B Pins Alternate Functions



Port Pin Alternate Functions



PB7 PSCOUT0B (PSC output 0B)



ADC4 (Analog Input Channel 4)



SCK (SPI Bus Serial Clock)



PCINT7 (Pin Change Interrupt 7)



PB6 ADC7 (Analog Input Channel 7)



PSCOUT1B (PSC output 1B)



PCINT6 (Pin Change Interrupt 6)



PB5 ADC6 (Analog Input Channel 6)



INT2 (External Interrupt 2)



ACMPN1 (Analog Comparator 1 Negative Input)



AMP2- (Analog Differential Amplicator 2 Negative Input)



PCINT5 (Pin Change Interrupt 5)



PB4 AMP0+ (Analog Differential Amplifier 0 Positive Input)



PCINT4 (Pin Change Interrupt 4)



PB3 AMP0- (Analog Differential Amplifier 0 Negative Input)



PCINT3 (Pin Change Interrupt 3)



PB2 ADC5 (Analog Input Channel5)



INT1 (External Interrupt 1)



ACMPN0 (Analog Comparator 0 Negative Input)



PCINT2 (Pin Change Interrupt 2)



PB1 MOSI (SPI Master Out Slave In)



PSCOUT2B (PSC output 2B)



PCINT1 (Pin Change Interrupt 1)



PB0 MISO (SPI Master In Slave Out)



PSCOUT2A (PSC output 2A)



PCINT0 (Pin Change Interrupt 0)



The alternate pin configuration is as follows:



• ADC4/PSCOUT0B/SCK/PCINT7 – Bit 7
– PSCOUT0B, Output 0B of PSC.
– ADC4, Analog to Digital Converter, input channel 4.
– SCK, Master Clock output, Slave Clock input pin for SPI channel. When the SPI is enabled as



a slave, this pin is configured as an input regardless of the setting of DDB7. When the SPI is
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enabled as a master, the data direction of this pin is controlled by DDB7. When the pin is
forced to be an input, the pull-up can still be controlled by the



– PORTB7 bit.
– PCINT7, Pin Change Interrupt 7.



• ADC7/PSCOUT1B/PCINT6 – Bit 6
– ADC7, Analog to Digital Converter, input channel 7.
– PSCOUT1B, Output 1B of PSC.
– PCINT6, Pin Change Interrupt 6.



• ADC6/INT2/ACMPN1/AMP2-/PCINT5 – Bit 5
– ADC6, Analog to Digital Converter, input channel 6.
– INT2, External Interrupt source 2. This pin can serve as an External Interrupt source to the



MCU.
– ACMPN1, Analog Comparator 1 Negative Input. Configure the port pin as input with the



internal pull-up switched off to avoid the digital port function from interfering with the function
of the Analog Comparator.



– PCINT5, Pin Change Interrupt 5.
• APM0+/PCINT4 – Bit 4



– AMP0+, Analog Differential Amplifier 0 Positive Input Channel.
– PCINT4, Pin Change Interrupt 4.



• AMP0-/PCINT3 – Bit 3
– AMP0-, Analog Differential Amplifier 0 Negative Input Channel. Configure the port pin as input



with the internal pull-up switched off to avoid the digital port function from interfering with the
function of the Analog Amplifier.



– PCINT3, Pin Change Interrupt 3.
• ADC5/INT1/ACMPN0/PCINT2 – Bit 2



– ADC5, Analog to Digital Converter, input channel 5.
– INT1, External Interrupt source 1. This pin can serve as an external interrupt source to the



MCU.
– ACMPN0, Analog Comparator 0 Negative Input. Configure the port pin as input with the



internal pull-up switched off to avoid the digital port function from interfering with the function
of the Analog Comparator.



– PCINT2, Pin Change Interrupt 2.
• PCINT1/MOSI/PSCOUT2B – Bit 1



– MOSI: SPI Master Data output, Slave Data input for SPI channel. When the SPI is enabled as
a slave, this pin is configured as an input regardless of the setting of DDB1 When the SPI is
enabled as a master, the data direction of this pin is controlled by DDB1. When the pin is
forced to be an input, the pull-up can still be controlled by the



– PORTB1 and PUD bits.
– PSCOUT2B, Output 2B of PSC.
– PCINT1, Pin Change Interrupt 1.



• PCINT0/MISO/PSCOUT2A – Bit 0
– MISO, Master Data input, Slave Data output pin for SPI channel. When the SPI is enabled as



a master, this pin is configured as an input regardless of the setting of DDB0. When the SPI is
enabled as a slave, the data direction of this pin is controlled by DDB0. When the pin is forced
to be an input, the pull-up can still be controlled by the



– PORTB0 and PUD bits.
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– PSCOUT2A, Output 2A of PSC.
– PCINT0, Pin Change Interrupt 0.



The tables below relate the alternate functions of Port B to the overriding signals shown in Figure 14-5.



Table 14-4. Overriding Signals for Alternate Functions in PB7...PB4



Signal
Name



PB7/ADC4/ PSCOUT0B/SCK/ PCINT7 PB6/ADC7/
PSCOUT1B/
PCINT6



PB5/ADC6/ INT2/
ACMPN1/ AMP2-/
PCINT5



PB4/AMP0+/
PCINT4



PUOE SPE • MSTR • SPIPS 0 0 0



PUOV PB7 • PUD • SPIPS 0 0 0



DDOE SPE • MSTR • SPIPS + PSCen01 PSCen11 0 0



DDOV PSCen01 1 0 0



PVOE SPE • MSTR • SPIPS PSCen11 0 0



PVOV PSCout01 • SPIPS + PSCout01 •
PSCen01 • SPIPS + PSCout01 •
PSCen01 • SPIPS



PSCOUT11 0 0



DIEOE ADC4D ADC7D ADC6D + In2en AMP0ND



DIEOV 0 0 In2en 0



DI SCKin • SPIPS • ireset ICP1B INT2



AIO ADC4 ADC7 ADC6 AMP0+



Table 14-5. Overriding Signals for Alternate Functions in PB3...PB0



Signal 
Name



PB3/AIN1/OC0A/
PCINT11



PB2/AIN0/INT2/
PCINT10



PB1/T1/CLKO/PCINT9 PB0/T0/XCK0/PCINT8



PUOE 0 0 - -



PUOV 0 0 - -



DDOE 0 0 - -



DDOV 0 0 - -



PVOE 0 0 - -



PVOV 0 0 - -



DIEOE AMP0ND ADC5D + In1en 0 0



DIEOV 0 In1en 0 0



DI 0 INT1 MOSI_IN • SPIPS • ireset MISO_IN • SPIPS • ireset



AIO AMP0- ADC5 - -



14.3.2. Alternate Functions of Port C
The Port C pins with alternate functions are shown in the table below:
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Table 14-6. Port C Pins Alternate Functions



Port Pin Alternate Function



PC7 D2A (DAC output)



AMP2+ (Analog Differential Amplifier 2 Positive Input)



PCINT15 (Pin Change Interrupt 15)



PC6 ADC10 (Analog Input Channel 10)



ACMP1 (Analog Comparator 1 Positive Input)



PCINT14 (Pin Change Interrupt 14)



PC5 ADC9 (Analog Input Channel 9)



AMP1+ (Analog Differential Amplifier 1 Input Channel)



ACMP3 (Analog Comparator 3 Positive Input)



PCINT13 (Pin Change Interrupt 13)



PC4 ADC8 (Analog Input Channel 8)



AMP1- (Analog Differential Amplifier 1 Input Channel)



ACMPN3 (Analog Comparator 3 Negative Input)



PCINT12 (Pin Change Interrupt 12)



PC3 T1 (Timer 1 clock input)



RXCAN (CAN Rx Data)



ICP1B (Timer 1 input capture alternate input)



PCINT11 (Pin Change Interrupt 11)



PC2 T0 (Timer 0 clock input)



TXCAN (CAN Tx Data)



PCINT10 (Pin Change Interrupt 10)



PC1 PSCIN1 (PSC 1 Digital Input)



OC1B (Timer 1 Output Compare B)



SS_A (Alternate SPI Slave Select)



PCINT9 (Pin Change Interrupt 9)



PC0 PSCOUT1A (PSC output 2A)



INT3 (External Interrupt 3)



PCINT8 (Pin Change Interrupt 8)



The alternate pin configuration is as follows:



• D2A/AMP2+/PCINT15 – Bit 7
– D2A, Digital to Analog output.
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– AMP2+, Analog Differential Amplifier 2 Positive Input. Configure the port pin as input with the
internal pull-up switched off to avoid the digital port function from interfering with the function
of the Amplifier.



– PCINT15, Pin Change Interrupt 15.
• ADC10/ACMP1/PCINT14 – Bit 6



– ADC10, Analog to Digital Converter, input channel 10.
– ACMP1, Analog Comparator 1 Positive Input. Configure the port pin as input with the internal



pull-up switched off to avoid the digital port function from interfering with the function of the
Analog Comparator.



– PCINT14, Pin Change Interrupt 14



.
• ADC9/ACMP3/AMP1+/PCINT13 – Bit 5



– ADC9, Analog to Digital Converter, input channel 9.
– ACMP3, Analog Comparator 3 Positive Input. Configure the port pin as input with the internal



pull-up switched off to avoid the digital port function from interfering with the function of the
Analog Comparator.



– AMP1+, Analog Differential Amplifier 1 Positive Input Channel. Configure the port pin as input
with the internal pullup switched off to avoid the digital port function from interfering with the
function of the Analog Amplifier.



– PCINT13, Pin Change Interrupt 13.
• ADC8/AMP1-/ACMPN3/PCINT12 – Bit 4



– ADC8, Analog to Digital Converter, input channel 8.
– AMP1-, Analog Differential Amplifier 1 Negative Input Channel. Configure the port pin as input



with the internal pull-up switched off to avoid the digital port function from interfering with the
function of the Analog Amplifier.



– ACMPN3, Analog Comparator 3 Negative Input. Configure the port pin as input with the
internal pull-up switched off to avoid the digital port function from interfering with the function
of the Analog Comparator.



– PCINT12, Pin Change Interrupt 12.
• PCINT11/T1/RXCAN/ICP1B – Bit 3



– T1, Timer/Counter1 counter source.
– RXCAN, CAN Rx Data.
– ICP1B, Input Capture Pin: The PC3 pin can act as an Input Capture Pin for Timer/Counter1.
– PCINT11, Pin Change Interrupt 11.



• PCINT10/T0/TXCAN – Bit 2
– T0, Timer/Counter0 counter source.
– TXCAN, CAN Tx Data.
– PCINT10, Pin Change Interrupt 10.



• PCINT9/PSCIN1/OC1B/SS_A – Bit 1
– PCSIN1, PSC 1 Digital Input.
– OC1B, Output Compare Match B output: This pin can serve as an external output for the



Timer/Counter1 Output
– Compare B. The pin has to be configured as an output (DDC1 set “one”) to serve this



function. This pin is also the output pin for the PWM mode timer function.
– SS_A: Slave Port Select input. When the SPI is enabled as a slave, this pin is configured as



an input regardless of the setting of DDD0. As a slave, the SPI is activated when this pin is
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driven low. When the SPI is enabled as a master, the data direction of this pin is controlled by
DDD0. When the pin is forced to be an input, the pull-up can still be controlled by the
PORTD0 bit.



– PCINT9, Pin Change Interrupt 9.
• PCINT8/PSCOUT1A/INT3 – Bit 0



– PSCOUT1A, Output 1A of PSC.
– INT3, External Interrupt source 3: This pin can serve as an external interrupt source to the



MCU.
– PCINT8, Pin Change Interrupt 8.



The tables below relate the alternate functions of Port C to the overriding signals shown in Figure 14-5.



Table 14-7. Overriding Signals for Alternate Functions in PC[7:4]



Signal
Name



PC7/D2A/AMP2+/
PCINT15



PC6/ADC10/ ACMP1/
PCINT14



PC5/ADC9/ AMP1+/
ACMP3/ PCINT13



PC4/ADC8/ AMP1-/
ACMPN3/ PCINT12



PUOE 0 0 0



PUOV 0 0 0



DDOE DAEN 0 0 0



DDOV 0 0 0 0



PVOE 0 0 0 -



PVOV 0 0 0 -



DIEOE DAEN ADC10D ADC9D ADC8D



DIEOV 0 0 0 0



DI



AIO - ADC10 Amp1 ADC9 Amp1+ ADC8 Amp1- ACMPN3



Table 14-8. Overriding Signals for Alternate Functions in PC[3:0]



Signal
Name



PC3/T1/RXCAN/
ICP1B/PCINT11



PC2/T0/TXCAN/
PCINT10



PC1/PSCIN1/ OC1B/
SS_A/ PCINT9



PC0/INT3/ PSCOUT1A/
PCINT8



PUOE 0 0 0 0



PUOV 0 0 0 0



DDOE 0 PSCen10



DDOV 1 1 0 1



PVOE OC1Ben PSCen10



PVOV OC1B PSCout10



DIEOE In3en



DIEOV In3en



DI T1 T0 PSCin1 SS_A INT3



AIO
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14.3.3. Alternate Functions of Port D
The Port D pins with alternate functions are shown in the table below:



Table 14-9. Port D Pins Alternate Functions



Port Pin Alternate Function



PD7 ACMP0 (Analog Comparator 0 Positive Input)



PCINT23 (Pin Change Interrupt 23)



PD6 ADC3 (Analog Input Channel 3)



ACMPN2 (Analog Comparator 2 Negative Input)



INT0 (External Interrupt 0)



PCINT22 (Pin Change Interrupt 22)



PD5 ADC2 (Analog Input Channel 2)



ACMP2 (Analog Comparator 2 Positive Input)



PCINT21 (Pin Change Interrupt 21)



PD4 ADC1 (Analog Input Channel 1)



RXD/RXLIN (LIN/UART Rx data)



ICP1A (Timer 1 input capture)



SCK_A (Programming & alternate SPI Clock)



PCINT20 (Pin Change Interrupt 20)



PD3 TXD/TXLIN (LIN/UART Tx data)



OC0A (Timer 0 Output Compare A)



SS (SPI Slave Select)



MOSI_A (Programming & alternate SPI Master Out Slave In)



PCINT19 (Pin Change Interrupt 19)



PD2 PSCIN2 (PSC Digital Input 2)



OC1A (Timer 1 Output Compare A)



MISO_A (Programming & alternate Master In SPI Slave Out)



PCINT18 (Pin Change Interrupt 18)



PD1 PSCIN0 (PSC Digital Input 0)



CLKO (System Clock Output)



PCINT17 (Pin Change Interrupt 17)



PD0 PSCOUT0A (PSC output 0A)



PCINT16 (Pin Change Interrupt 16)



The alternate pin configuration is as follows:
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• ACMP0/PCINT23 – Bit 7
– ACMP0, Analog Comparator 0 Positive Input. Configure the port pin as input with the internal



pull-up switched off to avoid the digital port function from interfering with the function of the
Analog Comparator.



– PCINT23, Pin Change Interrupt 23.
• ADC3/ACMPN2/INT0/PCINT22 – Bit 6



– ADC3, Analog to Digital Converter, input channel 3.
– ACMPN2, Analog Comparator 2 Negative Input. Configure the port pin as input with the



internal pull-up switched off to avoid the digital port function from interfering with the function
of the Analog Comparator.



– INT0, External Interrupt source 0. This pin can serve as an external interrupt source to the
MCU.



– PCINT22, Pin Change Interrupt 23.
• ADC2/ACMP2/PCINT21 – Bit 5



– ADC2, Analog to Digital Converter, input channel 2.
– ACMP2, Analog Comparator 1 Positive Input. Configure the port pin as input with the internal



pull-up switched off to avoid the digital port function from interfering with the function of the
Analog Comparator.



– PCINT21, Pin Change Interrupt 21.
• PCINT20/ADC1/RXD/RXLIN/ICP1/SCK_A – Bit 4



– ADC1, Analog to Digital Converter, input channel 1.
– RXD/RXLIN, LIN/UART Receive Pin. Receive Data (Data input pin for the LIN/UART). When



the LIN/UART receiver is enabled this pin is configured as an input regardless of the value of
DDRD4. When the UART forces this pin to be an input, a logical one in PORTD4 will turn on
the internal pull-up.



– ICP1, Input Capture Pin1: This pin can act as an input capture pin for Timer/Counter1.
– SCK_A: Master Clock output, Slave Clock input pin for SPI channel. When the SPI is enabled



as a slave, this pin is configured as an input regardless of the setting of DDD4. When the SPI
is enabled as a master, the data direction of this pin is controlled by DDD4. When the pin is
forced to be an input, the pull-up can still be controlled by the



– PORTD4 bit.
– PCINT20, Pin Change Interrupt 20.



• PCINT19/TXD/TXLIN/OC0A/SS/MOSI_A, Bit 3
– TXD/TXLIN, LIN/UART Transmit pin. Data output pin for the LIN/UART. When the LIN/UART



Transmitter is enabled, this pin is configured as an output regardless of the value of DDD3.
– OC0A, Output Compare Match A output: This pin can serve as an external output for the



Timer/Counter0 Output
– Compare A. The pin has to be configured as an output (DDD3 set “one”) to serve this



function. The OC0A pin is also the output pin for the PWM mode.
– SS: Slave Port Select input. When the SPI is enabled as a slave, this pin is configured as an



input regardless of the setting of DDD3. As a slave, the SPI is activated when this pin is
driven low. When the SPI is enabled as a master, the data direction of this pin is controlled by
DDD3. When the pin is forced to be an input, the pull-up can still be controlled by the
PORTD3 bit.



– MOSI_A: SPI Master Data output, Slave Data input for SPI channel. When the SPI is enabled
as a slave, this pin is configured as an input regardless of the setting of DDD3 When the SPI
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is enabled as a master, the data direction of this pin is controlled by DDD3. When the pin is
forced to be an input, the pull-up can still be controlled by the



– PORTD3 bit.
– PCINT19, Pin Change Interrupt 19.



• PCINT18/PSCIN2/OC1A/MISO_A, Bit 2
– PCSIN2, PSC Digital Input 2.
– OC1A, Output Compare Match A output: This pin can serve as an external output for the



Timer/Counter1 Output
– Compare A. The pin has to be configured as an output (DDD2 set “one”) to serve this



function. The OC1A pin is also the output pin for the PWM mode timer function.
– MISO_A: Master Data input, Slave Data output pin for SPI channel. When the SPI is enabled



as a master, this pin is configured as an input regardless of the setting of DDD2. When the
SPI is enabled as a slave, the data direction of this pin is controlled by DDD2. When the pin is
forced to be an input, the pull-up can still be controlled by the



– PORTD2 bit.
– PCINT18, Pin Change Interrupt 18.



• PCINT17/PSCIN0/CLKO – Bit 1
– PCSIN0, PSC Digital Input 0.
– CLKO, Divided System Clock: The divided system clock can be output on this pin. The



divided system clock will be output if the CKOUT Fuse is programmed, regardless of the
PORTD1 and DDD1 settings. It will also be output during reset.



– PCINT17, Pin Change Interrupt 17.
• PCINT16/PSCOUT0A – Bit 0



– PSCOUT0A: Output 0 of PSC 0.
– PCINT16, Pin Change Interrupt 16.



The tables below relate the alternate functions of Port D to the overriding signals shown in Figure 14-5.



Table 14-10. Overriding Signals for Alternate Functions PD[7:4]



Signal
Name



PD7/ ACMP0/
PCINT23



PD6/ADC3/ ACMPN2/
INT0/ PCINT22



PD5/ADC2/ ACMP2/
PCINT21



PD4/ADC1/RXD/ RXLIN/ICP1A/
SCK_A/PCINT20



PUOE 0 0 0 RXEN + SPE • MSTR • SPIPS



PUO 0 0 0 PD4 • PUD



DDOE 0 0 0 RXEN + SPE • MSTR • SPIPS



DDOV 0 0 0 0



PVOE 0 0 0 SPE • MSTR • SPIPS



PVOV 0 0 0 -



DIEOE ACMP0D ADC3D + In0en ADC2D ADC1D



DIEOV 0 In0en 0 0



DI - INT0 ICP1A



AIO ACOMP0 ADC3 ACMPM ADC2 ACOMP2 ADC1
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Table 14-11. Overriding Signals for Alternate Functions in PD[3:0]



Signal
Name



PD3/TXD/TXLIN/ OC0A/SS/MOSI_A/
PCINT19



PD2/PSCIN2/
OC1A/MISO_A/
PCINT18



PD1/PSCIN0/
CLKO/
PCINT17



PD0/PSCOUT0A/ XCK/
PCINT16



PUOE TXEN + SPE • MSTR • SPIPS - 0 SPE • MSTR • SPIPS



PUO TXEN • SPE • MSTR • SPIPS • PD3 •
PUD



- 0 PD0 • PUD



DDOE TXEN + SPE • MSTR • SPIPS - 0 PSCen00 + SPE • MSTR •
SPIPS



DDOV TXEN 0 0 PSCen00



PVOE TXEN + OC0en + SPE • MSTR • SPIPS - 0 PSCen00 + UMSEL



PVOV TXEN • TXD + TXEN • (OC0en • OC0 +
OC0en • SPIPS • MOSI)



- 0 -



DIEOE 0 0 0 0



DIEOV 0 0 0 0



DI SS MOSI_Ain



AIO



14.3.4. Alternate Functions of Port E
The Port E pins with alternate functions are shown in this table:



Table 14-12. Port E Pins Alternate Functions



Port Pin Alternate Function



PE2 XTAL2 (XTAL output)



ADC0 (Analog Input Channel 0)



PCINT26 (Pin Change Interrupt 26)



PE1 XTAL1 (XTAL input)



OC0B (Timer 0 Output Compare B)



PCINT25 (Pin Change Interrupt 25)



PE0 RESET# (Reset input)



OCD (On Chip Debug I/O)



PCINT24 (Pin Change Interrupt 24)



The alternate pin configuration is as follows:



• PCINT26/XTAL2/ADC0 – Bit 2
– XTAL2: Chip clock Oscillator pin 2. Used as clock pin for crystal Oscillator or Low-frequency



crystal Oscillator. When used as a clock pin, the pin can not be used as an I/O pin.
– ADC0, Analog to Digital Converter, input channel 0.
– PCINT26, Pin Change Interrupt 26.
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• PCINT25/XTAL1/OC0B – Bit 1
– XTAL1: Chip clock Oscillator pin 1. Used for all chip clock sources except internal calibrated



RC Oscillator. When used as a clock pin, the pin can not be used as an I/O pin.
– OC0B, Output Compare Match B output: This pin can serve as an external output for the



Timer/Counter0 Output
– Compare B. The pin has to be configured as an output (DDE1 set “one”) to serve this



function. This pin is also the output pin for the PWM mode timer function.
– PCINT25, Pin Change Interrupt 25.



• PCINT24/RESET/OCD – Bit 0
– RESET, Reset pin: When the RSTDISBL Fuse is programmed, this pin functions as a normal



I/O pin, and the part will have to rely on Power-on Reset and Brown-out Reset as its reset
sources. When the RSTDISBL Fuse is unprogrammed, the reset circuitry is connected to the
pin, and the pin can not be used as an I/O pin.



– If PE0 is used as a reset pin, DDE0, PORTE0 and PINE0 will all read 0.
– PCINT24, Pin Change Interrupt 24.



The table below relate the alternate functions of Port E to the overriding signals shown in Figure 14-5.



Table 14-13. Overriding Signals for Alternate Functions in PE2...PE0



Signal
Name



PE2/ADC0/XTAL2/ PCINT26 PE1/XTAL1/OC0B/ PCINT25 PE0/RESET/ OCD/PCINT24



PUOE 0 0 0



PUOV 0 0 0



DDOE 0 0 0



DDOV 0 0 0



PVOE 0 OC0Ben 0



PVOV 0 OC0B 0



DIEOE ADC0D 0 0



DIEOV 0 0 0



DI



AIO Osc output ADC0 Osc/Clock input



14.4. Register Description
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14.4.1. MCU Control Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  MCUCR
Offset:  0x55
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x35



Bit 7 6 5 4 3 2 1 0  
 SPIPS   PUD   IVSEL IVCE  



Access R/W R/W R/W R/W  
Reset 0 0 0 0  



Bit 7 – SPIPS: SPI Pin Redirection
Thanks to SPIPS (SPI Pin Select) in MCUCR Sfr, SPI pins can be redirected. Note that the programming
port is always located on alternate SPI port.



Value Description
0 When the SPIPS bit is written to zero, the SPI signals are directed on pins MISO, MOSI,



SCK and SS
1 When the SPIPS bit is written to one,the SPI signals are directed on alternate SPI pins,



MISO_A, MOSI_A, SCK_A and SS_A



Bit 4 – PUD: Pull-up Disable
When this bit is written to one, the pull-ups in the I/O ports are disabled even if the DDxn and PORTxn
Registers are configured to enable the pull-ups ({DDxn, PORTxn} = 0b01).



Bit 1 – IVSEL: Interrupt Vector Select
When the IVSEL bit is cleared (zero), the Interrupt Vectors are placed at the start of the Flash memory.
When this bit is set (one), the Interrupt Vectors are moved to the beginning of the Boot Loader section of
the Flash. The actual address of the start of the Boot Flash Section is determined by the BOOTSZ Fuses.
To avoid unintentional changes of Interrupt Vector tables, a special write procedure must be followed to
change the IVSEL bit:



1. Write the Interrupt Vector Change Enable (IVCE) bit to one.
2. Within four cycles, write the desired value to IVSEL while writing a zero to IVCE.



Interrupts will automatically be disabled while this sequence is executed. Interrupts are disabled in the
cycle IVCE is set, and they remain disabled until after the instruction following the write to IVSEL. If
IVSEL is not written, interrupts remain disabled for four cycles. The I-bit in the Status Register is
unaffected by the automatic disabling.



Note:  If Interrupt Vectors are placed in the Boot Loader section and Boot Lock bit BLB02 is
programmed, interrupts are disabled while executing from the Application section. If Interrupt Vectors are
placed in the Application section and Boot Lock bit BLB12 is programed, interrupts are disabled while
executing from the Boot Loader section.
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Bit 0 – IVCE: Interrupt Vector Change Enable
The IVCE bit must be written to logic one to enable change of the IVSEL bit. IVCE is cleared by hardware
four cycles after it is written or when IVSEL is written. Setting the IVCE bit will disable interrupts, as
explained in the IVSEL description above. See Code Example below.



Assembly Code Example



Move_interrupts:
; Get MCUCR
in    r16, MCUCR
mov   r17, r16
; Enable change of Interrupt Vectors
ori   r16, (1<<IVCE)
out   MCUCR, r16
; Move interrupts to Boot Flash section
ori   r17, (1<<IVSEL)
out   MCUCR, r17
ret



C Code Example



void Move_interrupts(void)
{
uchar temp;
/* GET MCUCR*/
temp = MCUCR;
/* Enable change of Interrupt Vectors */
MCUCR = temp|(1<<IVCE);
/* Move interrupts to Boot Flash section */
MCUCR = temp|(1<<IVSEL);
}
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14.4.2. Port B Data Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  PORTB
Offset:  0x25
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x05



Bit 7 6 5 4 3 2 1 0  
 PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTB0  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 7:0 – PORTBn: Port B Data [n = 0:7]
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14.4.3. Port B Data Direction Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  DDRB
Offset:  0x24
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x04



Bit 7 6 5 4 3 2 1 0  
 DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRB0  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7 – DDRBn: Port B Data Direction
This bit field selects the data direction for the individual pins in the Port. When a Port is mapped as virtual,
accessing this bit field is identical to accessing the actual DIR register for the Port.
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14.4.4. Port B Input Pins Address
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  PINB
Offset:  0x23
Reset:  N/A
Property:
 



When addressing as I/O Register: address offset is 0x03



Bit 7 6 5 4 3 2 1 0  
 PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINB0  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset x x x x x x x x  



Bits 7:0 – PINBn: Port B Input Pins Address [n = 7:0]
Writing to the pin register provides toggle functionality for IO. Refer to Toggling the Pin.
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14.4.5. Port C Data Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  PORTC
Offset:  0x28
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x08



Bit 7 6 5 4 3 2 1 0  
 PORTC7 PORTC6 PORTC5 PORTC4 PORTC3 PORTC2 PORTC1 PORTC0  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 7:0 – PORTCn: Port C Data [n = 7:0]
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14.4.6. Port C Data Direction Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  DDRC
Offset:  0x27
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x07



Bit 7 6 5 4 3 2 1 0  
 DDRC7 DDRC6 DDRC5 DDRC4 DDRC3 DDRC2 DDRC1 DDRC0  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7 – DDRCn: Port C Data Direction
This bit field selects the data direction for the individual pins in the Port. When a Port is mapped as virtual,
accessing this bit field is identical to accessing the actual DIR register for the Port.
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14.4.7. Port C Input Pins Address
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  PINC
Offset:  0x26
Reset:  N/A
Property:
 



When addressing as I/O Register: address offset is 0x06



Bit 7 6 5 4 3 2 1 0  
 PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINC0  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 x x x x x x x  



Bits 7:0 – PINCn: Port C Input Pins Address [n = 7:0]
Writing to the pin register provides toggle functionality for IO. Refer to Toggling the Pin.
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14.4.8. Port D Data Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  PORTD
Offset:  0x2B
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x0B



Bit 7 6 5 4 3 2 1 0  
 PORTD7 PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTD0  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 7:0 – PORTDn: Port D Data [n = 7:0]
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14.4.9. Port D Data Direction Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  DDRD
Offset:  0x2A
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x0A



Bit 7 6 5 4 3 2 1 0  
 DDRD7 DDRD6 DDRD5 DDRD4 DDRD3 DDRD2 DDRD1 DDRD0  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7 – DDRDn: Port D Data Direction
This bit field selects the data direction for the individual pins in the Port. When a Port is mapped as virtual,
accessing this bit field is identical to accessing the actual DIR register for the Port.
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14.4.10. Port D Input Pins Address
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  PIND
Offset:  0x29
Reset:  N/A
Property:
 



When addressing as I/O Register: address offset is 0x09



Bit 7 6 5 4 3 2 1 0  
 PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PIND0  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset x x x x x x x x  



Bits 7:0 – PINDn: Port D Input Pins Address [n = 7:0]
Writing to the pin register provides toggle functionality for IO. Refer to Toggling the Pin.



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



122











14.4.11. Port E Data Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  PORTE
Offset:  0x2E
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x0E



Bit 7 6 5 4 3 2 1 0  
      PORTE2 PORTE1 PORTE0  



Access R/W R/W R/W  
Reset 0 0 0  



Bits 0, 1, 2 – PORTEn: Port E Data [n = 2:0]
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14.4.12. Port E Data Direction Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  DDRE
Offset:  0x2D
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x0D



Bit 7 6 5 4 3 2 1 0  
      DDRE2 DDRE1 DDRE0  



Access R/W R/W R/W  
Reset 0 0 0  



Bits 0, 1, 2 – DDREn: Port E Data Direction
This bit field selects the data direction for the individual pins in the Port. When a Port is mapped as virtual,
accessing this bit field is identical to accessing the actual DIR register for the Port.
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14.4.13. Port E Input Pins Address
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  PINE
Offset:  0x2C
Reset:  N/A
Property:
 



When addressing as I/O Register: address offset is 0x0C



Bit 7 6 5 4 3 2 1 0  
      PINE2 PINE1 PINE0  



Access R/W R/W R/W  
Reset x x x  



Bits 0, 1, 2 – PINEn: Port E Input Pins Address [n = 2:0]
Writing to the pin register provides toggle functionality for I/O.
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15. TC0 - 8-bit Timer/Counter0 with PWM
Related Links
Timer/Counter0 and Timer/Counter1 Prescalers on page 183



15.1. Features
• Two independent Output Compare Units
• Double Buffered Output Compare Registers
• Clear Timer on Compare Match (Auto Reload)
• Glitch free, phase correct Pulse Width Modulator (PWM)
• Variable PWM period
• Frequency generator
• Three independent interrupt sources (TOV0, OCF0A, and OCF0B)



15.2. Overview
Timer/Counter0 (TC0) is a general purpose 8-bit Timer/Counter module, with two independent Output
Compare Units, and PWM support. It allows accurate program execution timing (event management) and
wave generation.



A simplified block diagram of the 8-bit Timer/Counter is shown below. CPU accessible I/O Registers,
including I/O bits and I/O pins, are shown in bold. The device-specific I/O Register and bit locations are
listed in the Register Description. For the actual placement of I/O pins, refer to the pinout diagram.



The TC0 is enabled by writing the PRTIM0 bit in ”Minimizing Power Consumption” to '0'.



The TC0 is enabled when the PRTIM0 bit in the Power Reduction Register (PRR.PRTIM0) is written to '1'.
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Figure 15-1. 8-bit Timer/Counter Block Diagram
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15.2.1. Definitions
Many register and bit references in this section are written in general form:



• n=0 represents the Timer/Counter number
• x=A,B represents the Output Compare Unit A or B



However, when using the register or bit definitions in a program, the precise form must be used, i.e.,
TCNT0 for accessing Timer/Counter0 counter value.



The following definitions are used throughout the section:



Table 15-1. Definitions



Constant Description



BOTTOM The counter reaches the BOTTOM when it becomes zero (0x00 for 8-bit counters, or 0x0000
for 16-bit counters).
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MAX The counter reaches its Maximum when it becomes 0xF (decimal , for 8-bit counters) or
0xFF (decimal , for 16-bit counters).



TOP The counter reaches the TOP when it becomes equal to the highest value in the count
sequence. The TOP value can be assigned to be the fixed value MAX or the value stored in
the OCR0A Register. The assignment is dependent on the mode of operation.



15.2.2. Registers
The Timer/Counter 0 register (TCNT0) and Output Compare TC0x registers (OCR0x) are 8-bit registers.
Interrupt request (abbreviated to Int.Req. in the block diagram) signals are all visible in the Timer Interrupt
Flag Register 0 (TIFR0). All interrupts are individually masked with the Timer Interrupt Mask Register 0
(TIMSK0). TIFR0 and TIMSK0 are not shown in the figure.



The TC can be clocked internally, via the prescaler, or by an external clock source on the T0 pin. The
Clock Select logic block controls which clock source and edge is used by the Timer/Counter to increment
(or decrement) its value. The TC is inactive when no clock source is selected. The output from the Clock
Select logic is referred to as the timer clock (clkT0).



The double buffered Output Compare Registers (OCR0A and OCR0B) are compared with the Timer/
Counter value at all times. The result of the compare can be used by the Waveform Generator to
generate a PWM or variable frequency output on the Output Compare pins (OC0A and OC0B). See 
Output Compare Unit for details. The compare match event will also set the Compare Flag (OCF0A or
OCF0B) which can be used to generate an Output Compare interrupt request.



Related Links
Timer/Counter 0, 1 Prescalers on page 183



15.3. Timer/Counter Clock Sources
The TC can be clocked by an internal or an external clock source. The clock source is selected by writing
to the Clock Select (CS0[2:0]) bits in the Timer/Counter Control Register (TCCR0B).



15.4. Counter Unit
The main part of the 8-bit Timer/Counter is the programmable bi-directional counter unit. Below is the
block diagram of the counter and its surroundings.



Figure 15-2. Counter Unit Block Diagram
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Note:  The “n” in the register and bit names indicates the device number (n = 0 for Timer/Counter 0), and
the “x” indicates Output Compare unit (A/B).
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Table 15-2. Signal description (internal signals)



Signal Name Description



count Increment or decrement TCNT0 by 1.



direction Select between increment and decrement.



clear Clear TCNT0 (set all bits to zero).



clkTn Timer/Counter clock, referred to as clkT0 in the following.



top Signalize that TCNT0 has reached maximum value.



bottom Signalize that TCNT0 has reached minimum value (zero).



Depending of the mode of operation used, the counter is cleared, incremented, or decremented at each
timer clock (clkT0). clkT0 can be generated from an external or internal clock source, selected by the Clock
Select bits (CS0[2:0]). When no clock source is selected (CS0=0x0) the timer is stopped. However, the
TCNT0 value can be accessed by the CPU, regardless of whether clkT0 is present or not. A CPU write
overrides (has priority over) all counter clear or count operations.



The counting sequence is determined by the setting of the WGM01 and WGM00 bits located in the Timer/
Counter Control Register (TCCR0A) and the WGM02 bit located in the Timer/Counter Control Register B
(TCCR0B). There are close connections between how the counter behaves (counts) and how waveforms
are generated on the Output Compare outputs OC0A and OC0B. For more details about advanced
counting sequences and waveform generation, see Modes of Operation.



The Timer/Counter Overflow Flag (TOV0) is set according to the mode of operation selected by the
WGM0[2:0] bits. TOV0 can be used for generating a CPU interrupt.



15.5. Output Compare Unit
The 8-bit comparator continuously compares TCNT0 with the Output Compare Registers (OCR0A and
OCR0B). Whenever TCNT0 equals OCR0A or OCR0B, the comparator signals a match. A match will set
the Output Compare Flag (OCF0A or OCF0B) at the next timer clock cycle. If the corresponding interrupt
is enabled, the Output Compare Flag generates an Output Compare interrupt. The Output Compare Flag
is automatically cleared when the interrupt is executed. Alternatively, the flag can be cleared by software
by writing a '1' to its I/O bit location. The Waveform Generator uses the match signal to generate an
output according to operating mode set by the WGM02, WGM01, and WGM00 bits and Compare Output
mode (COM0x[1:0]) bits. The max and bottom signals are used by the Waveform Generator for handling
the special cases of the extreme values in some modes of operation.
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Figure 15-3. Output Compare Unit, Block Diagram
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Note:  The “n” in the register and bit names indicates the device number (n = 0 for Timer/Counter 0), and
the “x” indicates Output Compare unit (A/B).



The OCR0x Registers are double buffered when using any of the Pulse Width Modulation (PWM) modes.
When double buffering is enabled, the CPU has access to the OCR0x Buffer Register. The double
buffering synchronizes the update of the OCR0x Compare Registers to either top or bottom of the
counting sequence. The synchronization prevents the occurrence of odd-length, non-symmetrical PWM
pulses, thereby making the output glitch-free.



The double buffering is disabled for the normal and Clear Timer on Compare (CTC) modes of operation,
and the CPU will access the OCR0x directly.



15.5.1. Force Output Compare
In non-PWM waveform generation modes, the match output of the comparator can be forced by writing a
'1' to the Force Output Compare (TCCR0C.FOCx) bit. Forcing compare match will not set the OCFx Flag
or reload/clear the timer, but the OCx pin will be updated as if a real compare match had occurred (the
TCCRA.COMx[1:0] bits define whether the OCx pin is set, cleared or toggled).



15.5.2. Compare Match Blocking by TCNT Write
All CPU write operations to the TCNT Register will block any compare match that occur in the next timer
clock cycle, even when the timer is stopped. This feature allows OCRx to be initialized to the same value
as TCNT without triggering an interrupt when the Timer/Counter clock is enabled.



15.5.3. Using the Output Compare Unit
Since writing TCNT in any mode of operation will block all compare matches for one timer clock cycle,
there are risks involved when changing TCNT when using the Output Compare Unit, independently of
whether the Timer/Counter is running or not. If the value written to TCNT equals the OCRx value, the
compare match will be missed, resulting in incorrect waveform generation. Similarly, do not write the
TCNT value equal to BOTTOM when the counter is down counting.
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The setup of the OCx should be performed before setting the Data Direction Register for the port pin to
output. The easiest way of setting the OCx value is to use the Force Output Compare (FOCx) strobe bits
in Normal mode. The OCx Registers keep their values even when changing between Waveform
Generation modes.



Be aware that the TCCRA.COMx[1:0] bits are not double buffered together with the compare value.
Changing the TCCRA.COMx[1:0] bits will take effect immediately.



15.6. Compare Match Output Unit
The Compare Output mode bits in the Timer/Counter Control Register A (TCCR0A.COM0x) have two
functions:



• The Waveform Generator uses the COM0x bits for defining the Output Compare (OC0x) register
state at the next compare match.



• The COM0x bits control the OC0x pin output source



The figure below shows a simplified schematic of the logic affected by COM0x. The I/O Registers, I/O
bits, and I/O pins in the figure are shown in bold. Only the parts of the general I/O port control registers
that are affected by the COM0x bits are shown, namely PORT and DDR.



On system reset the OC0x Register is reset to 0x00.



Note:  'OC0x state' is always referring to internal OC0x registers, not the OC0x pin.



Figure 15-4. Compare Match Output Unit, Schematic
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Note:  The “n” in the register and bit names indicates the device number (n = 0 for Timer/Counter 0), and
the “x” indicates Output Compare unit (A/B).



The general I/O port function is overridden by the Output Compare (OC0x) from the Waveform Generator
if either of the COM0x[1:0] bits are set. However, the OC0x pin direction (input or output) is still controlled
by the Data Direction Register (DDR) for the port pin. In the Data Direction Register, the bit for the OC1x
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pin (DDR.OC0x) must be set as output before the OC0x value is visible on the pin. The port override
function is independent of the Waveform Generation mode.



The design of the Output Compare pin logic allows initialization of the OC0x register state before the
output is enabled. Some TCCR0A.COM0x[1:0] bit settings are reserved for certain modes of operation.



The TCCR0A.COM0x[1:0] bits have no effect on the Input Capture unit.



Related Links
Register Description on page 138



15.6.1. Compare Output Mode and Waveform Generation
The Waveform Generator uses the TCCR0A.COM0x[1:0] bits differently in Normal, CTC, and PWM
modes. For all modes, setting the TCCR0A.COM0x[1:0]=0x0 tells the Waveform Generator that no action
on the OC0x Register is to be performed on the next compare match. Refer also to the descriptions of the
output modes.



A change of the TCCR0A.COM0x[1:0] bits state will have effect at the first compare match after the bits
are written. For non-PWM modes, the action can be forced to have immediate effect by using the
TCCR0C.FOC0x strobe bits.



15.7. Modes of Operation
The mode of operation determines the behavior of the Timer/Counter and the Output Compare pins. It is
defined by the combination of the Waveform Generation mode bits and Compare Output mode
(TCCR0A.WGM0[2:0]) bits in the Timer/Counter control Registers A and B (TCCR0A.COM0x[1:0]). The
Compare Output mode bits do not affect the counting sequence, while the Waveform Generation mode
bits do. The COM0x[1:0] bits control whether the PWM output generated should be inverted or not
(inverted or non-inverted PWM). For non-PWM modes the COM0x[1:0] bits control whether the output
should be set, cleared, or toggled at a compare match (See previous section Compare Match Output
Unit).



For detailed timing information refer to the following section Timer/Counter Timing Diagrams.



Related Links
Timer/Counter Timing Diagrams on page 136



15.7.1. Normal Mode
The simplest mode of operation is the Normal mode (WGM[2:0] = 0x0). In this mode the counting
direction is always up (incrementing), and no counter clear is performed. The counter simply overruns
when it passes its maximum 8-bit value (TOP=0xFF) and then restarts from the bottom (0x00). In Normal
mode operation, the Timer/Counter Overflow Flag (TOV) will be set in the same clock cycle in which the
TCNT becomes zero. In this case, the TOV Flag behaves like a ninth bit, except that it is only set, not
cleared. However, combined with the timer overflow interrupt that automatically clears the TOV Flag, the
timer resolution can be increased by software. There are no special cases to consider in the Normal
mode, a new counter value can be written anytime.



The Output Compare unit can be used to generate interrupts at some given time. Using the Output
Compare to generate waveforms in Normal mode is not recommended, since this will occupy too much of
the CPU time.



15.7.2. Clear Timer on Compare Match (CTC) Mode
In Clear Timer on Compare or CTC mode (WGM0[2:0]=0x2), the OCR0A Register is used to manipulate
the counter resolution: the counter is cleared to ZERO when the counter value (TCNT0) matches the
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OCR0A. The OCR0A defines the top value for the counter, hence also its resolution. This mode allows
greater control of the compare match output frequency. It also simplifies the counting of external events.



The timing diagram for the CTC mode is shown below. The counter value (TCNT0) increases until a
compare match occurs between TCNT0 and OCR0A, and then counter (TCNT0) is cleared.



Figure 15-5. CTC Mode, Timing Diagram
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(Toggle)



OCnx Interrupt Flag Set



1 4Period 2 3



(COMnx[1:0] = 0x1)



An interrupt can be generated each time the counter value reaches the TOP value by setting the OCF0A
Flag. If the interrupt is enabled, the interrupt handler routine can be used for updating the TOP value.



Note:  Changing TOP to a value close to BOTTOM while the counter is running must be done with care,
since the CTC mode does not provide double buffering. If the new value written to OCR0A is lower than
the current value of TCNT0, the counter will miss the compare match. The counter will then count to its
maximum value (0xFF for a 8-bit counter, 0xFFFF for a 16-bit counter) and wrap around starting at 0x00
before the compare match will occur.



For generating a waveform output in CTC mode, the OC0A output can be set to toggle its logical level on
each compare match by writing the two least significant Compare Output mode bits in the Timer/Counter
Control Register A Control to toggle mode (TCCR0A.COM0A[1:0]=0x1). The OC0A value will only be
visible on the port pin unless the data direction for the pin is set to output. The waveform generated will
have a maximum frequency of fOC0 = fclk_I/O/2 when OCR0A is written to 0x00. The waveform frequency
is defined by the following equation:�OCnx = �clk_I/O2 ⋅ � ⋅ 1 + OCRnx
N represents the prescaler factor (1, 8, 64, 256, or 1024).



As for the Normal mode of operation, the Timer/Counter Overflow Flag TOV0 is set in the same clock
cycle that the counter wraps from MAX to 0x00.



15.7.3. Fast PWM Mode
The Fast Pulse Width Modulation or Fast PWM modes (WGM0[2:0]=0x3 or WGM0[2:0]=0x7) provide a
high frequency PWM waveform generation option. The Fast PWM modes differ from the other PWM
options by their single-slope operation. The counter counts from BOTTOM to TOP, then restarts from
BOTTOM. TOP is defined as 0xFF when WGM0[2:0]=0x3. TOP is defined as OCR0A when
WGM0[2:0]=0x7.



In non-inverting Compare Output mode, the Output Compare register (OC0x) is cleared on the compare
match between TCNT0 and OCR0x, and set at BOTTOM. In inverting Compare Output mode, the output
is set on compare match and cleared at BOTTOM. Due to the single-slope operation, the operating
frequency of the Fast PWM mode can be twice as high as the phase correct PWM modes, which use
dual-slope operation. This high frequency makes the Fast PWM mode well suited for power regulation,
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rectification, and DAC applications. High frequency allows physically small sized external components
(coils, capacitors), and therefore reduces total system cost.



In Fast PWM mode, the counter is incremented until the counter value matches the TOP value. The
counter is then cleared at the following timer clock cycle. The timing diagram for the Fast PWM mode is
shown below. The TCNT0 value is in the timing diagram shown as a histogram for illustrating the single-
slope operation. The diagram includes non-inverted and inverted PWM outputs. The small horizontal lines
on the TCNT0 slopes mark compare matches between OCR0x and TCNT0.



Figure 15-6. Fast PWM Mode, Timing Diagram
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The Timer/Counter Overflow Flag (TOV0) is set each time the counter reaches TOP. If the interrupt is
enabled, the interrupt handler routine can be used for updating the compare value.



In Fast PWM mode, the compare unit allows generation of PWM waveforms on the OC0x pins. Writing
the TCCR0A.COM0x[1:0] bits to 0x2 will produce a non-inverted PWM; TCCR0A.COM0x[1:0]=0x3 will
produce an inverted PWM output. Writing the TCCR0A.COM0A[1:0] bits to 0x1 allows the OC0A pin to
toggle on Compare Matches if the TCCRnB.WGMn2 bit is set. This option is not available for the OC0B
pin. The actual OC0x value will only be visible on the port pin if the data direction for the port pin is set as
output. The PWM waveform is generated by setting (or clearing) the OC0x Register at the compare
match between OCR0x and TCNT0, and clearing (or setting) the OC0x Register at the timer clock cycle
the counter is cleared (changes from TOP to BOTTOM).



The PWM frequency for the output can be calculated by the following equation:�OCnxPWM = �clk_I/O� ⋅ 256
N represents the prescale divider (1, 8, 64, 256, or 1024).



The extreme values for the OCR0A register represents special cases for PWM waveform output in the
Fast PWM mode: If OCR0A is written equal to BOTTOM, the output will be a narrow spike for each MAX
+1 timer clock cycle. Writing OCR0A=MAX will result in a constantly high or low output (depending on the
polarity of the output set by the COM0A[1:0] bits.)



A frequency waveform output with 50% duty cycle can be achieved in Fast PWM mode by selecting
OC0x to toggle its logical level on each compare match (COM0x[1:0]=0x1). The waveform generated will
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have a maximum frequency of fOC0 = fclk_I/O/2 when OCR0A=0x00. This feature is similar to the OC0A
toggle in CTC mode, except double buffering of the Output Compare unit is enabled in the Fast PWM
mode.



15.7.4. Phase Correct PWM Mode
The Phase Correct PWM mode (WGM0[2:0]=0x1 or WGM0[2:0]=0x5) provides a high resolution, phase
correct PWM waveform generation. The Phase Correct PWM mode is based on dual-slope operation:
The counter counts repeatedly from BOTTOM to TOP, and then from TOP to BOTTOM. When
WGM0[2:0]=0x1 TOP is defined as 0xFF. When WGM0[2:0]=0x5, TOP is defined as OCR0A. In non-
inverting Compare Output mode, the Output Compare (OC0x) bit is cleared on compare match between
TCNT0 and OCR0x while up-counting, and OC0x is set on the compare match while down-counting. In
inverting Output Compare mode, the operation is inverted. The dual-slope operation has a lower
maximum operation frequency than single slope operation. Due to the symmetric feature of the dual-slope
PWM modes, these modes are preferred for motor control applications.



In Phase Correct PWM mode the counter is incremented until the counter value matches TOP. When the
counter reaches TOP, it changes the count direction. The TCNT0 value will be equal to TOP for one timer
clock cycle. The timing diagram for the Phase Correct PWM mode is shown below. The TCNT0 value is
shown as a histogram for illustrating the dual-slope operation. The diagram includes non-inverted and
inverted PWM outputs. The small horizontal line marks on the TCNT0 slopes represent compare matches
between OCR0x and TCNT0.



Figure 15-7. Phase Correct PWM Mode, Timing Diagram
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Note:  The “n” in the register and bit names indicates the device number (n = 0 for Timer/Counter 0), and
the “x” indicates Output Compare unit (A/B).



The Timer/Counter Overflow Flag (TOV0) is set each time the counter reaches BOTTOM. The Interrupt
Flag can be used to generate an interrupt each time the counter reaches the BOTTOM value.



In Phase Correct PWM mode, the compare unit allows generation of PWM waveforms on the OC0x pin.
Writing the COM0x[1:0] bits to 0x2 will produce a non-inverted PWM. An inverted PWM output can be
generated by writing COM0x[1:0]=0x3. Setting the Compare Match Output A Mode bit to '1'
(TCCR0A.COM0A0) allows the OC0A pin to toggle on Compare Matches if the TCCR0B.WGM02 bit is
set. This option is not available for the OC0B pin. The actual OC0x value will only be visible on the port
pin if the data direction for the port pin is set as output. The PWM waveform is generated by clearing (or
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setting) the OC0x Register at the compare match between OCR0x and TCNT0 when the counter
increments, and setting (or clearing) the OC0x Register at compare match between OCR0x and TCNT0
when the counter decrements. The PWM frequency for the output when using Phase Correct PWM can
be calculated by:�OCnxPCPWM = �clk_I/O� ⋅ 510
N represents the prescaler factor (1, 8, 64, 256, or 1024).



The extreme values for the OCR0A Register represent special cases when generating a PWM waveform
output in the Phase Correct PWM mode: If the OCR0A register is written equal to BOTTOM, the output
will be continuously low. If OCR0A is written to MAX, the output will be continuously high for non-inverted
PWM mode. For inverted PWM the output will have the opposite logic values.



At the very start of period 2 in the timing diagram above, OC0x has a transition from high to low even
though there is no Compare Match. This transition serves to guarantee symmetry around BOTTOM.
There are two cases that give a transition without Compare Match:



• OCR0x changes its value from MAX, as in the timing diagram. When the OCR0A value is MAX, the
OC0 pin value is the same as the result of a down-counting Compare Match. To ensure symmetry
around BOTTOM the OC0x value at MAX must correspond to the result of an up-counting Compare
Match.



• The timer starts up-counting from a value higher than the one in OCR0x, and for that reason misses
the Compare Match and consequently, the OC0x does not undergo the change that would have
happened on the way up.



15.8. Timer/Counter Timing Diagrams
The Timer/Counter is a synchronous design and the timer clock (clkT0) is therefore shown as a clock
enable signal in the following figures. If the given instance of the TC0 supports an asynchronous mode,
clkI/O should be replaced by the TC oscillator clock.



The figures include information on when interrupt flags are set. The first figure below illustrates timing
data for basic Timer/Counter operation close to the MAX value in all modes other than Phase Correct
PWM mode.



Figure 15-8. Timer/Counter Timing Diagram, no Prescaling
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Note:  The “n” in the register and bit names indicates the device number (n = 0 for Timer/Counter 0), and
the “x” indicates Output Compare unit (A/B).



The next figure shows the same timing data, but with the prescaler enabled.
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Figure 15-9. Timer/Counter Timing Diagram, with Prescaler (fclk_I/O/8)
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Note:  The “n” in the register and bit names indicates the device number (n = 0 for Timer/Counter 0), and
the “x” indicates Output Compare unit (A/B).



The next figure shows the setting of OCF0B in all modes and OCF0A in all modes (except CTC mode
and PWM mode where OCR0A is TOP).



Figure 15-10. Timer/Counter Timing Diagram, Setting of OCF0x, with Prescaler (fclk_I/O/8)
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Note:  The “n” in the register and bit names indicates the device number (n = 0 for Timer/Counter 0), and
the “x” indicates Output Compare unit (A/B).



The next figure shows the setting of OCF0A and the clearing of TCNT0 in CTC mode and fast PWM
mode where OCR0A is TOP.



Figure 15-11. Timer/Counter Timing Diagram, Clear Timer on Compare Match mode, with Prescaler (fclk_I/O/8)
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Note:  The “n” in the register and bit names indicates the device number (n = 0 for Timer/Counter 0), and
the “x” indicates Output Compare unit (A/B).



15.9. Register Description
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15.9.1. TC0 Control Register A
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  TCCR0A
Offset:  0x44
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x24



Bit 7 6 5 4 3 2 1 0  
 COM0A1 COM0A0 COM0B1 COM0B0   WGM01 WGM00  



Access R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0  



Bits 7:6 – COM0An: Compare Output Mode for Channel A [n = 1:0]
These bits control the Output Compare pin (OC0A) behavior. If one or both of the COM0A[1:0] bits are
set, the OC0A output overrides the normal port functionality of the I/O pin it is connected to. However,
note that the Data Direction Register (DDR) bit corresponding to the OC0A pin must be set in order to
enable the output driver.



When OC0A is connected to the pin, the function of the COM0A[1:0] bits depends on the WGM0[2:0] bit
setting. The table below shows the COM0A[1:0] bit functionality when the WGM0[2:0] bits are set to a
normal or CTC mode (non- PWM).



Table 15-3. Compare Output Mode, non-PWM



COM0A1 COM0A0 Description



0 0 Normal port operation, OC0A disconnected.



0 1 Toggle OC0A on Compare Match.



1 0 Clear OC0A on Compare Match.



1 1 Set OC0A on Compare Match .



The table below shows the COM0A[1:0] bit functionality when the WGM0[1:0] bits are set to fast PWM
mode.



Table 15-4. Compare Output Mode, Fast PWM(1)



COM0A1 COM0A0 Description



0 0 Normal port operation, OC0A disconnected.



0 1 WGM02 = 0: Normal Port Operation, OC0A Disconnected



WGM02 = 1: Toggle OC0A on Compare Match



1 0 Clear OC0A on Compare Match, set OC0A at BOTTOM (non-inverting mode)



1 1 Set OC0A on Compare Match, clear OC0A at BOTTOM (inverting mode)



Note: 



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



139











1. A special case occurs when OCR0A equals TOP and COM0A1 is set. In this case the compare
match is ignored, but the set or clear is done at BOTTOM. Refer to Fast PWM Mode for details.



The table below shows the COM0A[1:0] bit functionality when the WGM0[2:0] bits are set to phase
correct PWM mode.



Table 15-5. Compare Output Mode, Phase Correct PWM Mode(1)



COM0A1 COM0A0 Description



0 0 Normal port operation, OC0A disconnected.



0 1 WGM02 = 0: Normal Port Operation, OC0A Disconnected.



WGM02 = 1: Toggle OC0A on Compare Match.



1 0 Clear OC0A on Compare Match when up-counting. Set OC0A on Compare Match
when down-counting.



1 1 Set OC0A on Compare Match when up-counting. Clear OC0A on Compare Match
when down-counting.



Note: 
1. A special case occurs when OCR0A equals TOP and COM0A1 is set. In this case, the Compare



Match is ignored, but the set or clear is done at TOP. Refer to Phase Correct PWM Mode for
details.



Bits 5:4 – COM0Bn: Compare Output Mode for Channel B [n = 1:0]
These bits control the Output Compare pin (OC0B) behavior. If one or both of the COM0B[1:0] bits are
set, the OC0B output overrides the normal port functionality of the I/O pin it is connected to. However,
note that the Data Direction Register (DDR) bit corresponding to the OC0B pin must be set in order to
enable the output driver.



When OC0B is connected to the pin, the function of the COM0B[1:0] bits depends on the WGM0[2:0] bit
setting. The table shows the COM0B[1:0] bit functionality when the WGM0[2:0] bits are set to a normal or
CTC mode (non- PWM).



Table 15-6. Compare Output Mode, non-PWM



COM0B1 COM0B0 Description



0 0 Normal port operation, OC0B disconnected.



0 1 Toggle OC0B on Compare Match.



1 0 Clear OC0B on Compare Match.



1 1 Set OC0B on Compare Match.



The table below shows the COM0B[1:0] bit functionality when the WGM0[2:0] bits are set to fast PWM
mode.



Table 15-7. Compare Output Mode, Fast PWM(1)



COM0B1 COM0B0 Description



0 0 Normal port operation, OC0B disconnected.



0 1 Reserved
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COM0B1 COM0B0 Description



1 0 Clear OC0B on Compare Match, set OC0B at BOTTOM, (non-inverting mode)



1 1 Set OC0B on Compare Match, clear OC0B at BOTTOM, (inverting mode)



Note: 
1. A special case occurs when OCR0B equals TOP and COM0B1 is set. In this case, the Compare



Match is ignored, but the set or clear is done at TOP. Refer to Fast PWM Mode for details.



The table below shows the COM0B[1:0] bit functionality when the WGM0[2:0] bits are set to phase
correct PWM mode.



Table 15-8. Compare Output Mode, Phase Correct PWM Mode(1)



COM0B1 COM0B0 Description



0 0 Normal port operation, OC0B disconnected.



0 1 Reserved



1 0 Clear OC0B on Compare Match when up-counting. Set OC0B on Compare Match
when down-counting.



1 1 Set OC0B on Compare Match when up-counting. Clear OC0B on Compare Match
when down-counting.



Note: 
1. A special case occurs when OCR0B equals TOP and COM0B1 is set. In this case, the Compare



Match is ignored, but the set or clear is done at TOP. Refer to Phase Correct PWM Mode for
details.



Bits 1:0 – WGM0n: Waveform Generation Mode [n = 1:0]
Combined with the WGM02 bit found in the TCCR0B Register, these bits control the counting sequence
of the counter, the source for maximum (TOP) counter value, and what type of waveform generation to be
used. Modes of operation supported by the Timer/Counter unit are: Normal mode (counter), Clear Timer
on Compare Match (CTC) mode, and two types of Pulse Width Modulation (PWM) modes (see Modes of
Operation).



Table 15-9. Waveform Generation Mode Bit Description



Mode WGM02 WGM01 WGM00 Timer/Counter Mode of Operation TOP Update of OCR0x at TOV Flag Set on(1)(2)



0 0 0 0 Normal 0xFF Immediate MAX
1 0 0 1 PWM, Phase Correct 0xFF TOP BOTTOM
2 0 1 0 CTC OCRA Immediate MAX
3 0 1 1 Fast PWM 0xFF BOTTOM MAX
4 1 0 0 Reserved - - -
5 1 0 1 PWM, Phase Correct OCRA TOP BOTTOM
6 1 1 0 Reserved - - -
7 1 1 1 Fast PWM OCRA BOTTOM TOP



Note: 
1. MAX = 0xFF
2. BOTTOM = 0x00
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15.9.2. TC0 Control Register B
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  TCCR0B
Offset:  0x45
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x25



Bit 7 6 5 4 3 2 1 0  
 FOC0A FOC0B   WGM02 CS0[2:0]  



Access R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0  



Bit 7 – FOC0A: Force Output Compare A
The FOC0A bit is only active when the WGM bits specify a non-PWM mode.



To ensure compatibility with future devices, this bit must be set to zero when TCCR0B is written when
operating in PWM mode. When writing a logical one to the FOC0A bit, an immediate Compare Match is
forced on the Waveform Generation unit. The OC0A output is changed according to its COM0A[1:0] bits
setting. The FOC0A bit is implemented as a strobe. Therefore it is the value present in the COM0A[1:0]
bits that determines the effect of the forced compare.



A FOC0A strobe will not generate any interrupt, nor will it clear the timer in CTC mode using OCR0A as
TOP.



The FOC0A bit is always read as zero.



Bit 6 – FOC0B: Force Output Compare B
The FOC0B bit is only active when the WGM bits specify a non-PWM mode.



To ensure compatibility with future devices, this bit must be set to zero when TCCR0B is written when
operating in PWM mode. When writing a logical one to the FOC0B bit, an immediate Compare Match is
forced on the Waveform Generation unit. The OC0B output is changed according to its COM0B[1:0] bits
setting. The FOC0B bit is implemented as a strobe. Therefore it is the value present in the COM0B[1:0]
bits that determines the effect of the forced compare.



A FOC0B strobe will not generate any interrupt, nor will it clear the timer in CTC mode using OCR0B as
TOP.



The FOC0B bit is always read as zero.



Bit 3 – WGM02: Waveform Generation Mode
Refer to TCCR0A.



Bits 2:0 – CS0[2:0]: Clock Select 0 [n = 0..2]
The three Clock Select bits select the clock source to be used by the Timer/Counter.
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Table 15-10. Clock Select Bit Description



CS02 CS01 CS00 Description



0 0 0 No clock source (Timer/Counter stopped).



0 0 1 clkI/O/1 (No prescaling)



0 1 0 clkI/O/8 (From prescaler)



0 1 1 clkI/O/64 (From prescaler)



1 0 0 clkI/O/256 (From prescaler)



1 0 1 clkI/O/1024 (From prescaler)



1 1 0 External clock source on T0 pin. Clock on falling edge.



1 1 1 External clock source on T0 pin. Clock on rising edge.



If external pin modes are used for the Timer/Counter0, transitions on the T0 pin will clock the counter
even if the pin is configured as an output. This feature allows software control of the counting.
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15.9.3. TC0 Interrupt Mask Register



Name:  TIMSK0
Offset:  0x6E
Reset:  0x00
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
      OCIEB OCIEA TOIE  



Access R/W R/W R/W  
Reset 0 0 0  



Bit 2 – OCIEB: Timer/Counter0, Output Compare B Match Interrupt Enable
When the OCIE0B bit is written to one, and the I-bit in the Status Register is set, the Timer/Counter
Compare Match B interrupt is enabled. The corresponding interrupt is executed if a Compare Match in
Timer/Counter occurs, i.e., when the OCF0B bit is set in TIFR0.



Bit 1 – OCIEA: Timer/Counter0, Output Compare A Match Interrupt Enable
When the OCIE0A bit is written to one, and the I-bit in the Status Register is set, the Timer/Counter0
Compare Match A interrupt is enabled. The corresponding interrupt is executed if a Compare Match in
Timer/Counter0 occurs, i.e., when the OCF0A bit is set in TIFR0.



Bit 0 – TOIE: Timer/Counter0, Overflow Interrupt Enable
When the TOIE0 bit is written to one, and the I-bit in the Status Register is set, the Timer/Counter0
Overflow interrupt is enabled. The corresponding interrupt is executed if an overflow in Timer/Counter0
occurs, i.e., when the TOV0 bit is set in TIFR0.
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15.9.4. General Timer/Counter Control Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  GTCCR
Offset:  0x43
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x23



Bit 7 6 5 4 3 2 1 0  
 TSM ICPSEL1      PSRSYNC  



Access R/W R/W R/W  
Reset 0 0 0  



Bit 7 – TSM: Timer/Counter Synchronization Mode
Writing the TSM bit to one activates the Timer/Counter Synchronization mode. In this mode, the value
that is written to the PSRASY and PSRSYNC bits is kept, hence keeping the corresponding prescaler
reset signals asserted. This ensures that the corresponding Timer/Counters are halted and can be
configured to the same value without the risk of one of them advancing during configuration. When the
TSM bit is written to zero, the PSRASY and PSRSYNC bits are cleared by hardware, and the Timer/
Counters start counting simultaneously.



Bit 6 – ICPSEL1: Timer 1 Input Capture selection
Timer 1 capture function has two possible inputs ICP1A (PD4) and ICP1B (PC3).



Value Description
0 Select ICP1A as trigger for timer 1 input capture
1 Select ICP1B as trigger for timer 1 input capture



Bit 0 – PSRSYNC: Prescaler Reset
When this bit is one, Timer/Counter 0, 1 prescaler will be Reset. This bit is normally cleared immediately
by hardware, except if the TSM bit is set. Note that Timer/Counter 0, 1 share the same prescaler and a
reset of this prescaler will affect the mentioned timers.
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15.9.5. TC0 Counter Value Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  TCNT0
Offset:  0x46
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x26



Bit 7 6 5 4 3 2 1 0  
 TCNT0[7:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 7:0 – TCNT0[7:0]: TC0 Counter Value
The Timer/Counter Register gives direct access, both for read and write operations, to the Timer/Counter
unit 8-bit counter. Writing to the TCNT0 Register blocks (removes) the Compare Match on the following
timer clock. Modifying the counter (TCNT0) while the counter is running, introduces a risk of missing a
Compare Match between TCNT0 and the OCR0x Registers.
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15.9.6. TC0 Output Compare Register A
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  OCR0A
Offset:  0x47
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x27



Bit 7 6 5 4 3 2 1 0  
 OCR0A[7:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 7:0 – OCR0A[7:0]: Output Compare 0 A
The Output Compare Register A contains an 8-bit value that is continuously compared with the counter
value (TCNT0). A match can be used to generate an Output Compare interrupt, or to generate a
waveform output on the OC0A pin.
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15.9.7. TC0 Output Compare Register B
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  OCR0B
Offset:  0x48
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x28



Bit 7 6 5 4 3 2 1 0  
 OCR0B[7:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 7:0 – OCR0B[7:0]: Output Compare 0 B
The Output Compare Register B contains an 8-bit value that is continuously compared with the counter
value (TCNT0). A match can be used to generate an Output Compare interrupt, or to generate a
waveform output on the OC0B pin.
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15.9.8. TC0 Interrupt Flag Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  TIFR0
Offset:  0x35
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x15



Bit 7 6 5 4 3 2 1 0  
      OCFB OCFA TOV  



Access R/W R/W R/W  
Reset 0 0 0  



Bit 2 – OCFB: Timer/Counter0, Output Compare B Match Flag
The OCF0B bit is set when a Compare Match occurs between the Timer/Counter and the data in OCR0B
– Output Compare Register0 B. OCF0B is cleared by hardware when executing the corresponding
interrupt handling vector. Alternatively, OCF0B is cleared by writing a logic one to the flag. When the I-bit
in SREG, OCIE0B (Timer/Counter Compare B Match Interrupt Enable), and OCF0B are set, the Timer/
Counter Compare Match Interrupt is executed.



Bit 1 – OCFA: Timer/Counter0, Output Compare A Match Flag
The OCF0A bit is set when a Compare Match occurs between the Timer/Counter0 and the data in
OCR0A – Output Compare Register0. OCF0A is cleared by hardware when executing the corresponding
interrupt handling vector. Alternatively, OCF0A is cleared by writing a logic one to the flag. When the I-bit
in SREG, OCIE0A (Timer/Counter0 Compare Match Interrupt Enable), and OCF0A are set, the Timer/
Counter0 Compare Match Interrupt is executed.



Bit 0 – TOV: Timer/Counter0, Overflow Flag
The bit TOV0 is set when an overflow occurs in Timer/Counter0. TOV0 is cleared by hardware when
executing the corresponding interrupt handling vector. Alternatively, TOV0 is cleared by writing a logic one
to the flag. When the SREG I-bit, TOIE0 (Timer/Counter0 Overflow Interrupt Enable), and TOV0 are set,
the Timer/Counter0 Overflow interrupt is executed.



The setting of this flag is dependent of the WGM02:0 bit setting. Refer to Table 15-9.
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16. TC1 - 16-bit Timer/Counter1 with PWM
Related Links
Timer/Counter0 and Timer/Counter1 Prescalers on page 183



16.1. Overview
The 16-bit Timer/Counter unit allows accurate program execution timing (event management), wave
generation, and signal timing measurement.



A block diagram of the 16-bit Timer/Counter is shown below. CPU accessible I/O Registers, including I/O
bits and I/O pins, are shown in bold. The device-specific I/O Register and bit locations are listed in 
Register Description. For the actual placement of I/O pins, refer to the Pin Configurations description.



Related Links
I/O-Ports on page 94



16.2. Features
• True 16-bit Design (i.e., allows 16-bit PWM)
• Two independent Output Compare Units
• Double Buffered Output Compare Registers
• One Input Capture Unit
• Input Capture Noise Canceler
• Clear Timer on Compare Match (Auto Reload)
• Glitch-free, Phase Correct Pulse Width Modulator (PWM)
• Variable PWM Period
• Frequency Generator
• External Event Counter
• Independent interrupt Sources (TOV, OCFA, OCFB, and ICF)
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16.3. Block Diagram
Figure 16-1. 16-bit Timer/Counter Block Diagram
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See the related links for actual pin placement.



16.4. Definitions
Many register and bit references in this section are written in general form:



• n=1 represents the Timer/Counter number
• x=A,B represents the Output Compare Unit A or B



However, when using the register or bit definitions in a program, the precise form must be used, i.e.,
TCNT1 for accessing Timer/Counter1 counter value.



The following definitions are used throughout the section:
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Table 16-1. Definitions



Constant Description



BOTTOM The counter reaches the BOTTOM when it becomes zero (0x00 for 8-bit counters, or 0x0000
for 16-bit counters).



MAX The counter reaches its Maximum when it becomes 0xF (decimal , for 8-bit counters) or
0xFF (decimal , for 16-bit counters).



TOP The counter reaches the TOP when it becomes equal to the highest value in the count
sequence. The TOP value can be assigned to be the fixed value MAX or the value stored in
the OCR1A Register. The assignment is dependent on the mode of operation.



16.5. Registers
The Timer/Counter (TCNT1), Output Compare Registers (OCRA/B), and Input Capture Register (ICR1)
are all 16-bit registers. Special procedures must be followed when accessing the 16-bit registers. These
procedures are described in section Accessing 16-bit Registers.



The Timer/Counter Control Registers (TCCR1A/B/C) are 8-bit registers and have no CPU access
restrictions. Interrupt requests (abbreviated to Int.Req. in the block diagram) signals are all visible in the
Timer Interrupt Flag Register (TIFR1). All interrupts are individually masked with the Timer Interrupt Mask
Register (TIMSK1). TIFR1 and TIMSK1 are not shown in the figure.



The Timer/Counter can be clocked internally, via the prescaler, or by an external clock source on the T1
pin. The Clock Select logic block controls which clock source and edge the Timer/Counter uses to
increment (or decrement) its value. The Timer/Counter is inactive when no clock source is selected. The
output from the Clock Select logic is referred to as the timer clock (clkT1).



The double buffered Output Compare Registers (OCR1A/B) are compared with the Timer/Counter value
at all time. The result of the compare can be used by the Waveform Generator to generate a PWM or
variable frequency output on the Output Compare pin (OC1A/B). See Output Compare Units. The
compare match event will also set the Compare Match Flag (OCF1A/B) which can be used to generate
an Output Compare interrupt request.



The Input Capture Register can capture the Timer/Counter value at a given external (edge triggered)
event on either the Input Capture pin (ICP1) or on the Analog Comparator pins. The Input Capture unit
includes a digital filtering unit (Noise Canceler) for reducing the chance of capturing noise spikes.



The TOP value, or maximum Timer/Counter value, can in some modes of operation be defined by either
the OCR1A Register, the ICR1 Register, or by a set of fixed values. When using OCR1A as TOP value in
a PWM mode, the OCR1A Register can not be used for generating a PWM output. However, the TOP
value will in this case be double buffered allowing the TOP value to be changed in run time. If a fixed TOP
value is required, the ICR1 Register can be used as an alternative, freeing the OCR1A to be used as
PWM output.



16.6. Accessing 16-bit Registers
The TCNT1, OCR1A/B, and ICR1 are 16-bit registers that can be accessed by the AVR CPU via the 8-bit
data bus. The 16-bit register must be accessed byte-wise, using two read or write operations. Each 16-bit
timer has a single 8-bit TEMP register for temporary storing of the high byte of the 16-bit access. The
same temporary register is shared between all 16-bit registers within each 16-bit timer.
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Accessing the low byte triggers the 16-bit read or write operation: When the low byte of a 16-bit register is
written by the CPU, the high byte that is currently stored in TEMP and the low byte being written are both
copied into the 16-bit register in the same clock cycle. When the low byte of a 16-bit register is read by
the CPU, the high byte of the 16-bit register is copied into the TEMP register in the same clock cycle as
the low byte is read, and must be read subsequently.



Note:  To perform a 16-bit write operation, the high byte must be written before the low byte. For a 16-bit
read, the low byte must be read before the high byte.



Not all 16-bit accesses uses the temporary register for the high byte. Reading the OCR1A/B 16-bit
registers does not involve using the temporary register.



16-bit Access
The following code examples show how to access the 16-bit Timer Registers assuming that no interrupts
updates the temporary register. The same principle can be used directly for accessing the OCR1A/B and
ICR1 Registers. Note that when using C, the compiler handles the 16-bit access.



Assembly Code Example(1)



   ...
; Set TCNT1 to 0x01FF
ldi    r17,0x01
ldi    r16,0xFF
out    TCNT1H,r17
out    TCNT1L,r16
; Read TCNT1 into r17:r16
in    r16,TCNT1L
in    r17,TCNT1H
   ...



The assembly code example returns the TCNT1 value in the r17:r16 register pair.



C Code Example(1)



unsigned int i;
   ...
/* Set TCNT1 to 0x01FF */
TCNT1 = 0x1FF;
/* Read TCNT1 into i */
i = TCNT1;
   ...



Note: 
1. The example code assumes that the part specific header file is included. For I/O Registers located



in extended I/O map, “IN”, “OUT”, “SBIS”, “SBIC”, “CBI”, and “SBI” instructions must be replaced
with instructions that allow access to extended I/O. Typically “LDS” and “STS” combined with
“SBRS”, “SBRC”, “SBR”, and “CBR”.



Atomic Read
It is important to notice that accessing 16-bit registers are atomic operations. If an interrupt occurs
between the two instructions accessing the 16-bit register, and the interrupt code updates the temporary
register by accessing the same or any other of the 16-bit Timer Registers, then the result of the access
outside the interrupt will be corrupted. Therefore, when both the main code and the interrupt code update
the temporary register, the main code must disable the interrupts during the 16-bit access.



The following code examples show how to perform an atomic read of the TCNT1 Register contents. The
OCR1A/B or ICR1 Registers can be ready by using the same principle.
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Assembly Code Example(1)



TIM16_ReadTCNT1:
   ; Save global interrupt flag
   in    r18,SREG
   ; Disable interrupts
   cli
   ; Read TCNT1 into r17:r16
   in    r16,TCNT1L
   in    r17,TCNT1H
   ; Restore global interrupt flag
   out   SREG,r18
   ret



The assembly code example returns the TCNT1 value in the r17:r16 register pair.



C Code Example(1)



unsigned int TIM16_ReadTCNT1( void )
{
   unsigned char sreg;
   unsigned int i;
   /* Save global interrupt flag */
   sreg = SREG;
   /* Disable interrupts */
   _CLI();
   /* Read TCNT1 into i */
   i = TCNT1;
   /* Restore global interrupt flag */
   SREG = sreg;
   return i;
}



Note: 
1. The example code assumes that the part specific header file is included. For I/O Registers located



in extended I/O map, “IN”, “OUT”, “SBIS”, “SBIC”, “CBI”, and “SBI” instructions must be replaced
with instructions that allow access to extended I/O. Typically “LDS” and “STS” combined with
“SBRS”, “SBRC”, “SBR”, and “CBR”.



Atomic Write
The following code examples show how to do an atomic write of the TCNT1 Register contents. Writing
any of the OCR1A/B or ICR1 Registers can be done by using the same principle.



Assembly Code Example(1)



TIM16_WriteTCNT1:
   ; Save global interrupt flag
   in     r18,SREG
   ; Disable interrupts
   cli
   ; Set TCNT1 to r17:r16
   out    TCNT1H,r17
   out    TCNT1L,r16
   ; Restore global interrupt flag
   out    SREG,r18
   ret



The assembly code example requires that the r17:r16 register pair contains the value to
be written to TCNT1.



C Code Example(1)



void TIM16_WriteTCNT1( unsigned int i )
{
   unsigned char sreg;
   unsigned int i;
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   /* Save global interrupt flag */
   sreg = SREG;
   /* Disable interrupts */
   _CLI();
   /* Set TCNT1 to i */
   TCNT1 = i;
   /* Restore global interrupt flag */
   SREG = sreg;
}



Note: 
1. The example code assumes that the part specific header file is included. For I/O



Registers located in extended I/O map, “IN”, “OUT”, “SBIS”, “SBIC”, “CBI”, and
“SBI” instructions must be replaced with instructions that allow access to extended
I/O. Typically “LDS” and “STS” combined with “SBRS”, “SBRC”, “SBR”, and “CBR”.



16.6.1. Reusing the Temporary High Byte Register
If writing to more than one 16-bit register where the high byte is the same for all registers written, the high
byte only needs to be written once. However, the same rule of atomic operation described previously also
applies in this case.



16.7. Timer/Counter Clock Sources
The Timer/Counter can be clocked by an internal or an external clock source. The clock source is
selected by the Clock Select logic which is controlled by the Clock Select bits in the Timer/Counter control
Register B (TCCR1B.CS[2:0]).



Related Links
Timer/Counter 0, 1 Prescalers on page 183



16.8. Counter Unit
The main part of the 16-bit Timer/Counter is the programmable 16-bit bi-directional counter unit, as shown
in the block diagram:



Figure 16-2. Counter Unit Block Diagram
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Note:  The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).
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Table 16-2. Signal description (internal signals)



Signal Name Description



Count Increment or decrement TCNT1 by 1.



Direction Select between increment and decrement.



Clear Clear TCNT1 (set all bits to zero).



clkT1 Timer/Counter clock.



TOP Signalize that TCNT1 has reached maximum value.



BOTTOM Signalize that TCNT1 has reached minimum value (zero).



The 16-bit counter is mapped into two 8-bit I/O memory locations: Counter High (TCNT1H) containing the
upper eight bits of the counter, and Counter Low (TCNT1L) containing the lower eight bits. The TCNT1H
Register can only be accessed indirectly by the CPU. When the CPU does an access to the TCNT1H I/O
location, the CPU accesses the high byte temporary register (TEMP). The temporary register is updated
with the TCNT1H value when the TCNT1L is read, and TCNT1H is updated with the temporary register
value when TCNT1L is written. This allows the CPU to read or write the entire 16-bit counter value within
one clock cycle via the 8-bit data bus.
Note:  That there are special cases when writing to the TCNT1 Register while the counter is counting will
give unpredictable results. These special cases are described in the sections where they are of
importance.



Depending on the selected mode of operation, the counter is cleared, incremented, or decremented at
each timer clock (clkT1). The clock clkT1 can be generated from an external or internal clock source, as
selected by the Clock Select bits in the Timer/Counter1 Control Register B (TCCR1B.CS[2:0]). When no
clock source is selected (CS[2:0]=0x0) the timer is stopped. However, the TCNT1 value can be accessed
by the CPU, independent of whether clkT1 is present or not. A CPU write overrides (i.e., has priority over)
all counter clear or count operations.



The counting sequence is determined by the setting of the Waveform Generation mode bits in the Timer/
Counter Control Registers A and B (TCCR1B.WGM1[3:2] and TCCR1A.WGM1[1:0]). There are close
connections between how the counter behaves (counts) and how waveforms are generated on the Output
Compare outputs OC0x. For more details about advanced counting sequences and waveform generation,
see Modes of Operation.



The Timer/Counter Overflow Flag in the TC1 Interrupt Flag Register (TIFR1.TOV) is set according to the
mode of operation selected by the WGM1[3:0] bits. TOV can be used for generating a CPU interrupt.



16.9. Input Capture Unit
The Timer/Counter1 incorporates an Input Capture unit that can capture external events and give them a
time-stamp indicating time of occurrence. The external signal indicating an event, or multiple events, can
be applied via the ICP1 pin or alternatively, via the analog-comparator unit. The time-stamps can then be
used to calculate frequency, duty-cycle, and other features of the signal applied. Alternatively the time-
stamps can be used for creating a log of the events.



The Input Capture unit is illustrated by the block diagram below. The elements of the block diagram that
are not directly a part of the Input Capture unit are gray shaded. The lower case “n” in register and bit
names indicates the Timer/Counter number.
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Figure 16-3. Input Capture Unit Block Diagram for TC1
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Note:  The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).



When a change of the logic level (an event) occurs on the Input Capture pin (ICP1), or alternatively on the
Analog Comparator output (ACO), and this change confirms to the setting of the edge detector, a capture
will be triggered: the 16-bit value of the counter (TCNT1) is written to the Input Capture Register (ICR1).
The Input Capture Flag (ICF) is set at the same system clock cycle as the TCNT1 value is copied into the
ICR1 Register. If enabled (TIMSK1.ICIE=1), the Input Capture Flag generates an Input Capture interrupt.
The ICF1 Flag is automatically cleared when the interrupt is executed. Alternatively the ICF Flag can be
cleared by software by writing '1' to its I/O bit location.



Reading the 16-bit value in the Input Capture Register (ICR1) is done by first reading the low byte
(ICR1L) and then the high byte (ICR1H). When the low byte is read form ICR1L, the high byte is copied
into the high byte temporary register (TEMP). When the CPU reads the ICR1H I/O location it will access
the TEMP Register.



The ICR1 Register can only be written when using a Waveform Generation mode that utilizes the ICR1
Register for defining the counter’s TOP value. In these cases the Waveform Generation mode bits
(WGM1[3:0]) must be set before the TOP value can be written to the ICR1 Register. When writing the
ICR1 Register, the high byte must be written to the ICR1H I/O location before the low byte is written to
ICR1L.



See also Accessing 16-bit Registers.



16.9.1. Input Capture Trigger Source
The main trigger source for the Input Capture unit is the Input Capture pin (ICP1). Timer/Counter1 can
alternatively use the Analog Comparator output as trigger source for the Input Capture unit. The Analog
Comparator is selected as trigger source by setting the Analog Comparator Input Capture (ACIC) bit in
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the Analog Comparator Control and Status Register (ACSR). Be aware that changing trigger source can
trigger a capture. The Input Capture Flag must therefore be cleared after the change.



Both the Input Capture pin (ICP1) and the Analog Comparator output (ACO) inputs are sampled using the
same technique as for the T1 pin. The edge detector is also identical. However, when the noise canceler
is enabled, additional logic is inserted before the edge detector, which increases the delay by four system
clock cycles. The input of the noise canceler and edge detector is always enabled unless the Timer/
Counter is set in a Waveform Generation mode that uses ICR1 to define TOP.



An Input Capture can be triggered by software by controlling the port of the ICP1 pin.



Related Links
Timer/Counter 0, 1 Prescalers on page 183



16.9.2. Noise Canceler
The noise canceler improves noise immunity by using a simple digital filtering scheme. The noise
canceler input is monitored over four samples, and all four must be equal for changing the output that in
turn is used by the edge detector.



The noise canceler is enabled by setting the Input Capture Noise Canceler bit in the Timer/Counter
Control Register B (TCCR1B.ICNC). When enabled, the noise canceler introduces an additional delay of
four system clock cycles between a change applied to the input and the update of the ICR1 Register. The
noise canceler uses the system clock and is therefore not affected by the prescaler.



16.9.3. Using the Input Capture Unit
The main challenge when using the Input Capture unit is to assign enough processor capacity for
handling the incoming events. The time between two events is critical. If the processor has not read the
captured value in the ICR1 Register before the next event occurs, the ICR1 will be overwritten with a new
value. In this case the result of the capture will be incorrect.



When using the Input Capture interrupt, the ICR1 Register should be read as early in the interrupt handler
routine as possible. Even though the Input Capture interrupt has relatively high priority, the maximum
interrupt response time is dependent on the maximum number of clock cycles it takes to handle any of
the other interrupt requests.



Using the Input Capture unit in any mode of operation when the TOP value (resolution) is actively
changed during operation, is not recommended.



Measurement of an external signal’s duty cycle requires that the trigger edge is changed after each
capture. Changing the edge sensing must be done as early as possible after the ICR1 Register has been
read. After a change of the edge, the Input Capture Flag (ICF) must be cleared by software (writing a
logical one to the I/O bit location). For measuring frequency only, the clearing of the ICF Flag is not
required (if an interrupt handler is used).



16.10. Output Compare Units
The 16-bit comparator continuously compares TCNT1 with the Output Compare Register (OCR1x). If
TCNT equals OCR1x the comparator signals a match. A match will set the Output Compare Flag
(TIFR1.OCFx) at the next timer clock cycle. If enabled (TIMSK1.OCIEx = 1), the Output Compare Flag
generates an Output Compare interrupt. The OCFx Flag is automatically cleared when the interrupt is
executed. Alternatively the OCFx Flag can be cleared by software by writing a logical one to its I/O bit
location. The Waveform Generator uses the match signal to generate an output according to operating
mode set by the Waveform Generation mode (WGM1[3:0]) bits and Compare Output mode (COM1x[1:0])
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bits. The TOP and BOTTOM signals are used by the Waveform Generator for handling the special cases
of the extreme values in some modes of operation, see Modes of Operation.



A special feature of Output Compare unit A allows it to define the Timer/Counter TOP value (i.e., counter
resolution). In addition to the counter resolution, the TOP value defines the period time for waveforms
generated by the Waveform Generator.



Below is a block diagram of the Output Compare unit. The elements of the block diagram that are not
directly a part of the Output Compare unit are gray shaded.



Figure 16-4. Output Compare Unit, Block Diagram
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Note:  The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).



The OCR1x Register is double buffered when using any of the twelve Pulse Width Modulation (PWM)
modes. For the Normal and Clear Timer on Compare (CTC) modes of operation, the double buffering is
disabled. The double buffering synchronizes the update of the OCR1x Compare Register to either TOP or
BOTTOM of the counting sequence. The synchronization prevents the occurrence of odd-length, non-
symmetrical PWM pulses, thereby making the output glitch-free.



When double buffering is enabled, the CPU has access to the OCR1x Buffer Register. When double
buffering is disabled, the CPU will access the OCR1x directly.



The content of the OCR1x (Buffer or Compare) Register is only changed by a write operation (the Timer/
Counter does not update this register automatically as the TCNT1 and ICR1 Register). Therefore OCR1x
is not read via the high byte temporary register (TEMP). However, it is good practice to read the low byte
first as when accessing other 16-bit registers. Writing the OCR1x Registers must be done via the TEMP
Register since the compare of all 16 bits is done continuously. The high byte (OCR1xH) has to be written
first. When the high byte I/O location is written by the CPU, the TEMP Register will be updated by the
value written. Then when the low byte (OCR1xL) is written to the lower eight bits, the high byte will be
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copied into the upper 8-bits of either the OCR1x buffer or OCR1x Compare Register in the same system
clock cycle.



For more information of how to access the 16-bit registers refer to Accessing 16-bit Registers.



16.10.1. Force Output Compare
In non-PWM Waveform Generation modes, the match output of the comparator can be forced by writing a
one to the Force Output Compare (TCCR1C.FOC1x) bit. Forcing compare match will not set the OCF1x
Flag or reload/clear the timer, but the OC1x pin will be updated as if a real compare match had occurred
(the TCCR1C.COM1x[1:0] bits settings define whether the OC1x pin is set, cleared or toggled).



16.10.2. Compare Match Blocking by TCNT1 Write
All CPU writes to the TCNT1 Register will block any compare match that occurs in the next timer clock
cycle, even when the timer is stopped. This feature allows OCR1x to be initialized to the same value as
TCNT1 without triggering an interrupt when the Timer/Counter clock is enabled.



16.10.3. Using the Output Compare Unit
Since writing TCNT1 in any mode of operation will block all compare matches for one timer clock cycle,
there are risks involved when changing TCNT1 when using any of the Output Compare channels,
independent of whether the Timer/Counter is running or not. If the value written to TCNT1 equals the
OCR1x value, the compare match will be missed, resulting in incorrect waveform generation. Do not write
the TCNT1 equal to TOP in PWM modes with variable TOP values. The compare match for the TOP will
be ignored and the counter will continue to 0xFFFF. Similarly, do not write the TCNT1 value equal to
BOTTOM when the counter is downcounting.



The setup of the OC1x should be performed before setting the Data Direction Register for the port pin to
output. The easiest way of setting the OC1x value is to use the Force Output Compare (FOC1x) strobe
bits in Normal mode. The OC1x Register keeps its value even when changing between Waveform
Generation modes.



Be aware that the TCCR1A.COM1x[1:0] bits are not double buffered together with the compare value.
Changing the TCCR1A.COM1x[1:0] will take effect immediately.



16.11. Compare Match Output Unit
The Compare Output mode (TCCR1A.COM1x[1:0]) bits have two functions. The Waveform Generator
uses the TCCR1A.COM1x[1:0] bits for defining the Output Compare (OC1x) state at the next compare
match. Secondly the TCCR1A.COM1x[1:0] bits control the OC1x pin output source. The figure below
shows a simplified schematic of the logic affected by the TCCR1A.COM1x[1:0] bit setting. The I/O
Registers, I/O bits, and I/O pins in the figure are shown in bold. Only the parts of the general I/O Port
Control Registers (DDR and PORT) that are affected by the TCCR1A.COM1x[1:0] bits are shown. When
referring to the OC1x state, the reference is for the internal OC1x Register, not the OC1x pin. If a system
reset occur, the OC1x Register is reset to “0”.
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Figure 16-5. Compare Match Output Unit, Schematic
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Note:  The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).



The general I/O port function is overridden by the Output Compare (OC1x) from the Waveform Generator
if either of the TCCR1A.COM1x[1:0] bits are set. However, the OC1x pin direction (input or output) is still
controlled by the Data Direction Register (DDR) for the port pin. The Data Direction Register bit for the
OC1x pin (DDR_OC1x) must be set as output before the OC1x value is visible on the pin. The port
override function is generally independent of the Waveform Generation mode, but there are some
exceptions.



The design of the Output Compare pin logic allows initialization of the OC1x state before the output is
enabled. Note that some TCCR1A.COM1x[1:0] bit settings are reserved for certain modes of operation.



The TCCR1A.COM1x[1:0] bits have no effect on the Input Capture unit.



16.11.1. Compare Output Mode and Waveform Generation
The Waveform Generator uses the TCCR1A.COM1x[1:0] bits differently in normal, CTC, and PWM
modes. For all modes, setting the TCCR1A.COM1x[1:0] = 0 tells the Waveform Generator that no action
on the OC1x Register is to be performed on the next compare match. Refer also to the descriptions of the
output modes.



A change of the TCCR1A.COM1x[1:0] bits state will have effect at the first compare match after the bits
are written. For non-PWM modes, the action can be forced to have immediate effect by using the
TCCR1C.FOC1x strobe bits.



16.12. Modes of Operation
The mode of operation, i.e., the behavior of the Timer/Counter and the Output Compare pins, is defined
by the combination of the Waveform Generation mode (WGM1[3:0]) and Compare Output mode
(TCCR1A.COM1x[1:0]) bits. The Compare Output mode bits do not affect the counting sequence, while
the Waveform Generation mode bits do. The TCCR1A.COM1x[1:0] bits control whether the PWM output
generated should be inverted or not (inverted or non-inverted PWM). For non-PWM modes the
TCCR1A.COM1x[1:0] bits control whether the output should be set, cleared, or toggle at a compare
match.
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Related Links
Timer/Counter Timing Diagrams on page 169
Compare Match Output Unit on page 160



16.12.1. Normal Mode
The simplest mode of operation is the Normal mode (TCCR1A.WGM1[3:0]=0x0). In this mode the
counting direction is always up (incrementing), and no counter clear is performed. The counter simply
overruns when it passes its maximum 16-bit value (MAX=0xFFFF) and then restarts from
BOTTOM=0x0000. In normal operation the Timer/Counter Overflow Flag (TIFR1.TOV) will be set in the
same timer clock cycle as the TCNT1 becomes zero. In this case, the TOV Flag in behaves like a 17th
bit, except that it is only set, not cleared. However, combined with the timer overflow interrupt that
automatically clears the TOV Flag, the timer resolution can be increased by software. There are no
special cases to consider in the Normal mode, a new counter value can be written anytime.



The Input Capture unit is easy to use in Normal mode. However, observe that the maximum interval
between the external events must not exceed the resolution of the counter. If the interval between events
are too long, the timer overflow interrupt or the prescaler must be used to extend the resolution for the
capture unit.



The Output Compare units can be used to generate interrupts at some given time. Using the Output
Compare to generate waveforms in Normal mode is not recommended, since this will occupy too much of
the CPU time.



16.12.2. Clear Timer on Compare Match (CTC) Mode
In Clear Timer on Compare or CTC modes (mode 4 or 12, WGM1[3:0]=0x4 or 0xC), the OCR1A or ICR1
registers are used to manipulate the counter resolution: the counter is cleared to ZERO when the counter
value (TCNT1) matches either the OCR1A (if WGM1[3:0]=0x4) or the ICR1 (WGM1[3:0]=0xC). The
OCR1A or ICR1 define the top value for the counter, hence also its resolution. This mode allows greater
control of the compare match output frequency. It also simplifies the operation of counting external
events.



The timing diagram for the CTC mode is shown below. The counter value (TCNT1) increases until a
compare match occurs with either OCR1A or ICR1, and then TCNT1 is cleared.



Figure 16-6. CTC Mode, Timing Diagram
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Note:  The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).
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An interrupt can be generated at each time the counter value reaches the TOP value by either using the
OCF1A or ICF1 Flag, depending on the actual CTC mode. If the interrupt is enabled, the interrupt handler
routine can be used for updating the TOP value.



Note:  Changing TOP to a value close to BOTTOM while the counter is running must be done with care,
since the CTC mode does not provide double buffering. If the new value written to OCR1A is lower than
the current value of TCNT1, the counter will miss the compare match. The counter will then count to its
maximum value (0xFF for a 8-bit counter, 0xFFFF for a 16-bit counter) and wrap around starting at 0x00
before the compare match will occur.
In many cases this feature is not desirable. An alternative will then be to use the Fast PWM mode using
OCR1A for defining TOP (WGM1[3:0]=0xF), since the OCR1A then will be double buffered.



For generating a waveform output in CTC mode, the OC1A output can be set to toggle its logical level on
each compare match by setting the Compare Output mode bits to toggle mode (COM1A[1:0]=0x1). The
OC1A value will not be visible on the port pin unless the data direction for the pin is set to output
(DDR_OC1A=1). The waveform generated will have a maximum frequency of fOC1A = fclk_I/O/2 when
OCR1A is set to ZERO (0x0000). The waveform frequency is defined by the following equation:�OCnA = �clk_I/O2 ⋅ � ⋅ 1 + OCRnA
Note: 



• The “n” indicates the device number (n = 1 for Timer/Counter 1), and the “x” indicates Output
Compare unit (A/B).



• N represents the prescaler factor (1, 8, 64, 256, or 1024).



As for the Normal mode of operation, the Timer Counter TOV Flag is set in the same timer clock cycle
that the counter counts from MAX to 0x0000.



16.12.3. Fast PWM Mode
The Fast Pulse Width Modulation or Fast PWM modes (modes 5, 6, 7, 14,and 15, WGM1[3:0]= 0x5, 0x6,
0x7, 0xE, 0xF) provide a high frequency PWM waveform generation option. The Fast PWM differs from
the other PWM options by its single-slope operation. The counter counts from BOTTOM to TOP then
restarts from BOTTOM.



In non-inverting Compare Output mode, the Output Compare (OC1x) is cleared on the compare match
between TCNT1 and OCR1x, and set at BOTTOM. In inverting Compare Output mode output is set on
compare match and cleared at BOTTOM. Due to the single-slope operation, the operating frequency of
the Fast PWM mode can be twice as high as the phase correct and phase and frequency correct PWM
modes that use dual-slope operation. This high frequency makes the Fast PWM mode well suited for
power regulation, rectification, and DAC applications. High frequency allows physically small sized
external components (coils, capacitors), hence reduces total system cost.



The PWM resolution for Fast PWM can be fixed to 8-, 9-, or 10-bit, or defined by either ICR1 or OCR1A.
The minimum resolution allowed is 2-bit (ICR1 or OCR1A register set to 0x0003), and the maximum
resolution is 16-bit (ICR1 or OCR1A registers set to MAX). The PWM resolution in bits can be calculated
by using the following equation:�FPWM = log TOP+1log 2
In Fast PWM mode the counter is incremented until the counter value matches either one of the fixed
values 0x00FF, 0x01FF, or 0x03FF (WGM1[3:0] = 0x5, 0x6, or 0x7), the value in ICR1 (WGM1[3:0]=0xE),
or the value in OCR1A (WGM1[3:0]=0xF). The counter is then cleared at the following timer clock cycle.
The timing diagram for the Fast PWM mode using OCR1A or ICR1 to define TOP is shown below. The
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TCNT1 value is in the timing diagram shown as a histogram for illustrating the single-slope operation. The
diagram includes non-inverted and inverted PWM outputs. The small horizontal lines on the TCNT1
slopes mark compare matches between OCR1x and TCNT1. The OC1x Interrupt Flag will be set when a
compare match occurs.



Figure 16-7. Fast PWM Mode, Timing Diagram
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Note:  The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).



The Timer/Counter Overflow Flag (TOV1) is set each time the counter reaches TOP. In addition, when
either OCR1A or ICR1 is used for defining the TOP value, the OC1A or ICF1 Flag is set at the same timer
clock cycle TOV1 is set. If one of the interrupts are enabled, the interrupt handler routine can be used for
updating the TOP and compare values.



When changing the TOP value the program must ensure that the new TOP value is higher or equal to the
value of all of the Compare Registers. If the TOP value is lower than any of the Compare Registers, a
compare match will never occur between the TCNT1 and the OCR1x. Note that when using fixed TOP
values the unused bits are masked to zero when any of the OCR1x Registers are written.



The procedure for updating ICR1 differs from updating OCR1A when used for defining the TOP value.
The ICR1 Register is not double buffered. This means that if ICR1 is changed to a low value when the
counter is running with none or a low prescaler value, there is a risk that the new ICR1 value written is
lower than the current value of TCNT1. As result, the counter will miss the compare match at the TOP
value. The counter will then have to count to the MAX value (0xFFFF) and wrap around starting at
0x0000 before the compare match can occur. The OCR1A Register however, is double buffered. This
feature allows the OCR1A I/O location to be written anytime. When the OCR1A I/O location is written the
value written will be put into the OCR1A Buffer Register. The OCR1A Compare Register will then be
updated with the value in the Buffer Register at the next timer clock cycle the TCNT1 matches TOP. The
update is done at the same timer clock cycle as the TCNT1 is cleared and the TOV1 Flag is set.



Using the ICR1 Register for defining TOP works well when using fixed TOP values. By using ICR1, the
OCR1A Register is free to be used for generating a PWM output on OC1A. However, if the base PWM
frequency is actively changed (by changing the TOP value), using the OCR1A as TOP is clearly a better
choice due to its double buffer feature.
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In Fast PWM mode, the compare units allow generation of PWM waveforms on the OC1x pins. Writing
the COM1x[1:0] bits to 0x2 will produce an inverted PWM and a non-inverted PWM output can be
generated by writing the COM1x[1:0] to 0x3. The actual OC1x value will only be visible on the port pin if
the data direction for the port pin is set as output (DDR_OC1x). The PWM waveform is generated by
setting (or clearing) the OC1x Register at the compare match between OCR1x and TCNT1, and clearing
(or setting) the OC1x Register at the timer clock cycle the counter is cleared (changes from TOP to
BOTTOM).



The PWM frequency for the output can be calculated by the following equation:�OCnxPWM = �clk_I/O� ⋅ 1 + TOP
Note: 



• The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).



• N represents the prescale divider (1, 8, 64, 256, or 1024).



The extreme values for the OCR1x registers represents special cases when generating a PWM waveform
output in the Fast PWM mode. If the OCR1x is set equal to BOTTOM (0x0000) the output will be a narrow
spike for each TOP+1 timer clock cycle. Setting the OCR1x equal to TOP will result in a constant high or
low output (depending on the polarity of the output which is controlled by COM1x[1:0]).



A frequency waveform output with 50% duty cycle can be achieved in Fast PWM mode by selecting
OC1A to toggle its logical level on each compare match (COM1A[1:0]=0x1). This applies only if OCR1A is
used to define the TOP value (WGM1[3:0]=0xF). The waveform generated will have a maximum
frequency of fOC1A = fclk_I/O/2 when OCR1A is set to zero (0x0000). This feature is similar to the OC1A
toggle in CTC mode, except the double buffer feature of the Output Compare unit is enabled in the Fast
PWM mode.



16.12.4. Phase Correct PWM Mode
The Phase Correct Pulse Width Modulation or Phase Correct PWM modes (WGM1[3:0]= 0x1, 0x2, 0x3,
0xA, and 0xB) provide a high resolution, phase correct PWM waveform generation option. The Phase
Correct PWM mode is, like the phase and frequency correct PWM mode, based on a dual-slope
operation. The counter counts repeatedly from BOTTOM (0x0000) to TOP and then from TOP to
BOTTOM. In non-inverting Compare Output mode, the Output Compare (OC1x) is cleared on the
compare match between TCNT1 and OCR1x while up-counting, and set on the compare match while
down-counting. In inverting Output Compare mode, the operation is inverted. The dual-slope operation
has lower maximum operation frequency than single slope operation. However, due to the symmetric
feature of the dual-slope PWM modes, these modes are preferred for motor control applications.



The PWM resolution for the Phase Correct PWM mode can be fixed to 8-, 9-, or 10-bit, or defined by
either ICR1 or OCR1A. The minimum resolution allowed is 2-bit (ICR1 or OCR1A set to 0x0003), and the
maximum resolution is 16-bit (ICR1 or OCR1A set to MAX). The PWM resolution in bits can be calculated
by using the following equation:�PCPWM = log TOP+1log 2
In Phase Correct PWM mode the counter is incremented until the counter value matches either one of the
fixed values 0x00FF, 0x01FF, or 0x03FF (WGM1[3:0]= 0x1, 0x2, or 0x3), the value in ICR1
(WGM1[3:0]=0xA), or the value in OCR1A (WGM1[3:0]=0xB). The counter has then reached the TOP and
changes the count direction. The TCNT1 value will be equal to TOP for one timer clock cycle. The timing
diagram for the Phase Correct PWM mode is shown below, using OCR1A or ICR1 to define TOP. The
TCNT1 value is in the timing diagram shown as a histogram for illustrating the dual-slope operation. The
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diagram includes non-inverted and inverted PWM outputs. The small horizontal lines on the TCNT1
slopes mark compare matches between OCR1x and TCNT1. The OC1x Interrupt Flag will be set when a
compare match occurs.



Figure 16-8. Phase Correct PWM Mode, Timing Diagram
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Note:  The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).



The Timer/Counter Overflow Flag (TOV1) is set each time the counter reaches BOTTOM. When either
OCR1A or ICR1 is used for defining the TOP value, the OC1A or ICF1 Flag is set accordingly at the same
timer clock cycle as the OCR1x Registers are updated with the double buffer value (at TOP). The
Interrupt Flags can be used to generate an interrupt each time the counter reaches the TOP or BOTTOM
value.



When changing the TOP value the program must ensure that the new TOP value is higher or equal to the
value of all of the Compare Registers. If the TOP value is lower than any of the Compare Registers, a
compare match will never occur between the TCNT1 and the OCR1x. Note that when using fixed TOP
values, the unused bits are masked to zero when any of the OCR1x registers is written. As illustrated by
the third period in the timing diagram, changing the TOP actively while the Timer/Counter is running in the
phase correct mode can result in an unsymmetrical output. The reason for this can be found in the time of
update of the OCR1x Register. Since the OCR1x update occurs at TOP, the PWM period starts and ends
at TOP. This implies that the length of the falling slope is determined by the previous TOP value, while the
length of the rising slope is determined by the new TOP value. When these two values differ the two
slopes of the period will differ in length. The difference in length gives the unsymmetrical result on the
output.



It is recommended to use the phase and frequency correct mode instead of the phase correct mode when
changing the TOP value while the Timer/Counter is running. When using a static TOP value, there are
practically no differences between the two modes of operation.



In Phase Correct PWM mode, the compare units allow generation of PWM waveforms on the OC1x pins.
Writing COM1x[1:0] bits to 0x2 will produce a non-inverted PWM. An inverted PWM output can be
generated by writing the COM1x[1:0] to 0x3. The actual OC1x value will only be visible on the port pin if
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the data direction for the port pin is set as output (DDR_OC1x). The PWM waveform is generated by
setting (or clearing) the OC1x Register at the compare match between OCR1x and TCNT1 when the
counter increments, and clearing (or setting) the OC1x Register at compare match between OCR1x and
TCNT1 when the counter decrements. The PWM frequency for the output when using Phase Correct
PWM can be calculated by the following equation:�OCnxPCPWM = �clk_I/O2 ⋅ � ⋅ TOP
N represents the prescale divider (1, 8, 64, 256, or 1024).



The extreme values for the OCR1x Register represent special cases when generating a PWM waveform
output in the Phase Correct PWM mode. If the OCR1x is set equal to BOTTOM the output will be
continuously low and if set equal to TOP the output will be continuously high for non-inverted PWM mode.
For inverted PWM the output will have the opposite logic values. If OCR1A is used to define the TOP
value (WGM1[3:0]=0xB) and COM1A[1:0]=0x1, the OC1A output will toggle with a 50% duty cycle.



16.12.5. Phase and Frequency Correct PWM Mode
The phase and frequency correct Pulse Width Modulation, or phase and frequency correct PWM mode
(WGM1[3:0] = 0x8 or 0x9) provides a high resolution phase and frequency correct PWM waveform
generation option. The phase and frequency correct PWM mode is, like the phase correct PWM mode,
based on a dual-slope operation. The counter counts repeatedly from BOTTOM (0x0000) to TOP and
then from TOP to BOTTOM. In non-inverting Compare Output mode, the Output Compare (OC1x) is
cleared on the compare match between TCNT1 and OCR1x while up-counting, and set on the compare
match while down-counting. In inverting Compare Output mode, the operation is inverted. The dual-slope
operation gives a lower maximum operation frequency compared to the single-slope operation. However,
due to the symmetric feature of the dual-slope PWM modes, these modes are preferred for motor control
applications.



The main difference between the phase correct, and the phase and frequency correct PWM mode is the
time the OCR1x Register is updated by the OCR1x Buffer Register, (see Figure 16-8 and the Timing
Diagram below).



The PWM resolution for the phase and frequency correct PWM mode can be defined by either ICR1 or
OCR1A. The minimum resolution allowed is 2-bit (ICR1 or OCR1A set to 0x0003), and the maximum
resolution is 16-bit (ICR1 or OCR1A set to MAX). The PWM resolution in bits can be calculated using the
following equation:�PFCPWM = log TOP+1log 2
In phase and frequency correct PWM mode the counter is incremented until the counter value matches
either the value in ICR1 (WGM1[3:0]=0x8), or the value in OCR1A (WGM1[3:0]=0x9). The counter has
then reached the TOP and changes the count direction. The TCNT1 value will be equal to TOP for one
timer clock cycle. The timing diagram for the phase correct and frequency correct PWM mode is shown
below. The figure shows phase and frequency correct PWM mode when OCR1A or ICR1 is used to
define TOP. The TCNT1 value is in the timing diagram shown as a histogram for illustrating the dual-slope
operation. The diagram includes non-inverted and inverted PWM outputs. The small horizontal line marks
on the TCNT1 slopes represent compare matches between OCR1x and TCNT1. The OC1x Interrupt Flag
will be set when a compare match occurs.
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Figure 16-9. Phase and Frequency Correct PWM Mode, Timing Diagram
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Note:  The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).



The Timer/Counter Overflow Flag (TOV1) is set at the same timer clock cycle as the OCR1x Registers
are updated with the double buffer value (at BOTTOM). When either OCR1A or ICR1 is used for defining
the TOP value, the OC1A or ICF1 Flag set when TCNT1 has reached TOP. The Interrupt Flags can then
be used to generate an interrupt each time the counter reaches the TOP or BOTTOM value.



When changing the TOP value the program must ensure that the new TOP value is higher or equal to the
value of all of the Compare Registers. If the TOP value is lower than any of the Compare Registers, a
compare match will never occur between the TCNT1 and the OCR1x.



As shown in the timing diagram above, the output generated is, in contrast to the phase correct mode,
symmetrical in all periods. Since the OCR1x Registers are updated at BOTTOM, the length of the rising
and the falling slopes will always be equal. This gives symmetrical output pulses and is therefore
frequency correct.



Using the ICR1 Register for defining TOP works well when using fixed TOP values. By using ICR1, the
OCR1A Register is free to be used for generating a PWM output on OC1A. However, if the base PWM
frequency is actively changed by changing the TOP value, using the OCR1A as TOP is clearly a better
choice due to its double buffer feature.



In phase and frequency correct PWM mode, the compare units allow generation of PWM waveforms on
the OC1x pins. Setting the COM1x[1:0] bits to 0x2 will produce a non-inverted PWM and an inverted
PWM output can be generated by setting the COM1x[1:0] to 0x3 (See description of TCCRA.COM1x).
The actual OC1x value will only be visible on the port pin if the data direction for the port pin is set as
output (DDR_OC1x). The PWM waveform is generated by setting (or clearing) the OC1x Register at the
compare match between OCR1x and TCNT1 when the counter increments, and clearing (or setting) the
OC1x Register at compare match between OCR1x and TCNT1 when the counter decrements. The PWM
frequency for the output when using phase and frequency correct PWM can be calculated by the
following equation:�OCnxPFCPWM = �clk_I/O2 ⋅ � ⋅ TOP
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Note: 
• The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and



the “x” indicates Output Compare unit (A/B).
• N represents the prescale divider (1, 8, 64, 256, or 1024).



The extreme values for the OCR1x Register represents special cases when generating a PWM waveform
output in the phase correct PWM mode. If the OCR1x is set equal to BOTTOM the output will be
continuously low and if set equal to TOP the output will be set to high for non-inverted PWM mode. For
inverted PWM the output will have the opposite logic values. If OCR1A is used to define the TOP value
(WGM1[3:0]=0x9) and COM1A[1:0]=0x1, the OC1A output will toggle with a 50% duty cycle.



16.13. Timer/Counter Timing Diagrams
The Timer/Counter is a synchronous design and the timer clock (clkT1) is therefore shown as a clock
enable signal in the following figures. The figures include information on when Interrupt Flags are set, and
when the OCR1x Register is updated with the OCR1x buffer value (only for modes utilizing double
buffering). The first figure shows a timing diagram for the setting of OCF1x.



Figure 16-10. Timer/Counter Timing Diagram, Setting of OCF1x, no Prescaling



clkTn
(clkI/O/1)



OCFnx



clkI/O



OCRnx



TCNTn



OCRnx Value



OCRnx - 1 OCRnx OCRnx + 1 OCRnx + 2



Note:  The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).



The next figure shows the same timing data, but with the prescaler enabled.



Figure 16-11. Timer/Counter Timing Diagram, Setting of OCF1x, with Prescaler (fclk_I/O/8)



OCFnx



OCRnx



TCNTn



OCRnx Value



OCRnx - 1 OCRnx OCRnx + 1 OCRnx + 2



clkI/O



clkTn
(clkI/O/8)



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



169











Note:  The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).



The next figure shows the count sequence close to TOP in various modes. When using phase and
frequency correct PWM mode the OCR1x Register is updated at BOTTOM. The timing diagrams will be
the same, but TOP should be replaced by BOTTOM, TOP-1 by BOTTOM+1 and so on. The same
renaming applies for modes that set the TOV1 Flag at BOTTOM.



Figure 16-12. Timer/Counter Timing Diagram, no Prescaling.
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TOP - 1 TOP BOTTOM BOTTOM + 1



clkTn
(clkI/O/1)



clkI/O



Note:  The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).



The next figure shows the same timing data, but with the prescaler enabled.



Figure 16-13. Timer/Counter Timing Diagram, with Prescaler (fclk_I/O/8)
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clkI/O



clkTn
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Note:  The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).



16.14. Register Description
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16.14.1. TC1 Control Register A



Name:  TCCR1A
Offset:  0x80
Reset:  0x00
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
 COM1 COM1 COM1 COM1   WGM11 WGM10  



Access R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0  



Bits 4, 5, 6, 7 – COM1, COM1, COM1, COM1: Compare Output Mode for Channel
The COM1A[1:0] and COM1B[1:0] control the Output Compare pins (OC1A and OC1B respectively)
behavior. If one or both of the COM1A[1:0] bits are written to one, the OC1A output overrides the normal
port functionality of the I/O pin it is connected to. If one or both of the COM1B[1:0] bit are written to one,
the OC1B output overrides the normal port functionality of the I/O pin it is connected to. However, note
that the Data Direction Register (DDR) bit corresponding to the OC1A or OC1B pin must be set in order
to enable the output driver.



When the OC1A or OC1B is connected to the pin, the function of the COM1x[1:0] bits is dependent of the
WGM1[3:0] bits setting. The table below shows the COM1x[1:0] bit functionality when the WGM1[3:0] bits
are set to a Normal or a CTC mode (non-PWM).



Table 16-3. Compare Output Mode, non-PWM



COM1A1/COM1B1 COM1A0/COM1B0 Description



0 0 Normal port operation, OC1A/OC1B disconnected.



0 1 Toggle OC1A/OC1B on Compare Match.



1 0 Clear OC1A/OC1B on Compare Match (Set output to low
level).



1 1 Set OC1A/OC1B on Compare Match (Set output to high
level).



The table below shows the COM1x[1:0] bit functionality when the WGM1[3:0] bits are set to the fast PWM
mode.



Table 16-4. Compare Output Mode, Fast PWM



COM1A1/
COM1B1



COM1A0/
COM1B0



Description



0 0 Normal port operation, OC1A/OC1B disconnected.



0 1 WGM1[3:0] = 14 or 15: Toggle OC1A on Compare Match, OC1B
disconnected (normal port operation). For all other WGM1 settings,
normal port operation, OC1A/OC1B disconnected.
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COM1A1/
COM1B1



COM1A0/
COM1B0



Description



1 0 Clear OC1A/OC1B on Compare Match, set OC1A/OC1B at
BOTTOM (non-inverting mode)



1 1 Set OC1A/OC1B on Compare Match, clear OC1A/OC1B at
BOTTOM (inverting mode)



Note: 
1. A special case occurs when OCR1A/OCR1B equals TOP and COM1A1/COM1B1 is set. In this



case the compare match is ignored, but the set or clear is done at BOTTOM. Refer to Fast PWM
Mode for details.



The table below shows the COM1x1:0 bit functionality when the WGM1[3:0] bits are set to the phase
correct or the phase and frequency correct, PWM mode.



Table 16-5. Compare Output Mode, Phase Correct and Phase and Frequency Correct PWM



COM1A1/
COM1B1



COM1A0/
COM1B0



Description



0 0 Normal port operation, OC1A/OC1B disconnected.



0 1 WGM1[3:0] = 9 or 11: Toggle OC1A on Compare Match, OC1B
disconnected (normal port operation). For all other WGM1 settings,
normal port operation, OC1A/OC1B disconnected.



1 0 Clear OC1A/OC1B on Compare Match when up-counting. Set
OC1A/OC1B on Compare Match when down-counting.



1 1 Set OC1A/OC1B on Compare Match when up-counting. Clear
OC1A/OC1B on Compare Match when down-counting.



Note: 
1. A special case occurs when OCR1A/OCR1B equals TOP and COM1A1/COM1B1 is set. Refer to 



Phase Correct PWM Mode for details.



Bits 0, 1 – WGM10, WGM11: Waveform Generation Mode
Combined with the WGM1[3:2] bits found in the TCCR1B Register, these bits control the counting
sequence of the counter, the source for maximum (TOP) counter value, and what type of waveform
generation to be used. Modes of operation supported by the Timer/Counter unit are: Normal mode
(counter), Clear Timer on Compare match (CTC) mode, and three types of Pulse Width Modulation
(PWM) modes. (See Modes of Operation).



Table 16-6. Waveform Generation Mode Bit Description



Mode WGM13 WGM12



(CTC1)(1)
WGM11



(PWM11)(1)
WGM10



(PWM10)(1)
Timer/



Counter



Mode of
Operation



TOP Update of



OCR1x at



TOV1 Flag



Set on



0 0 0 0 0 Normal 0xFFFF Immediate MAX
1 0 0 0 1 PWM, Phase



Correct, 8-bit
0x00FF TOP BOTTOM



2 0 0 1 0 PWM, Phase
Correct, 9-bit



0x01FF TOP BOTTOM
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Mode WGM13 WGM12



(CTC1)(1)
WGM11



(PWM11)(1)
WGM10



(PWM10)(1)
Timer/



Counter



Mode of
Operation



TOP Update of



OCR1x at



TOV1 Flag



Set on



3 0 0 1 1 PWM, Phase
Correct, 10-bit



0x03FF TOP BOTTOM



4 0 1 0 0 CTC OCR1A Immediate MAX
5 0 1 0 1 Fast PWM, 8-



bit
0x00FF BOTTOM TOP



6 0 1 1 0 Fast PWM, 9-
bit



0x01FF BOTTOM TOP



7 0 1 1 1 Fast PWM, 10-
bit



0x03FF BOTTOM TOP



8 1 0 0 0 PWM, Phase
and Frequency



Correct



ICR1 BOTTOM BOTTOM



9 1 0 0 1 PWM, Phase
and Frequency



Correct



OCR1A BOTTOM BOTTOM



10 1 0 1 0 PWM, Phase
Correct



ICR1 TOP BOTTOM



11 1 0 1 1 PWM, Phase
Correct



OCR1A TOP BOTTOM



12 1 1 0 0 CTC ICR1 Immediate MAX
13 1 1 0 1 Reserved - - -
14 1 1 1 0 Fast PWM ICR1 BOTTOM TOP
15 1 1 1 1 Fast PWM OCR1A BOTTOM TOP



Note: 
1. The CTC1 and PWM1[1:0] bit definition names are obsolete. Use the WGM1[3:0] definitions.



However, the functionality and location of these bits are compatible with previous versions of the
timer.
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16.14.2. TC1 Control Register B



Name:  TCCR1B
Offset:  0x81
Reset:  0x00
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
 ICNC1 ICES1  WGM13 WGM12 CS12 CS11 CS10  



Access R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0  



Bit 7 – ICNC1: Input Capture Noise Canceler
Writing this bit to '1' activates the Input Capture Noise Canceler. When the noise canceler is activated, the
input from the Input Capture pin (ICP1) is filtered. The filter function requires four successive equal valued
samples of the ICP1 pin for changing its output. The Input Capture is therefore delayed by four Oscillator
cycles when the noise canceler is enabled.



Bit 6 – ICES1: Input Capture Edge Select
This bit selects which edge on the Input Capture pin (ICP1) that is used to trigger a capture event. When
the ICES1 bit is written to zero, a falling (negative) edge is used as trigger, and when the ICES1 bit is
written to '1', a rising (positive) edge will trigger the capture.



When a capture is triggered according to the ICES1 setting, the counter value is copied into the Input
Capture Register (ICR1). The event will also set the Input Capture Flag (ICF1), and this can be used to
cause an Input Capture Interrupt, if this interrupt is enabled.



When the ICR1 is used as TOP value (see description of the WGM1[3:0] bits located in the TCCR1A and
the TCCR1B Register), the ICP1 is disconnected and consequently the Input Capture function is
disabled.



Bits 3, 4 – WGM12, WGM13: Waveform Generation Mode
Refer to TCCR1A.



Bits 0, 1, 2 – CS10, CS11, CS12: Clock Select 1 [n = 0..2]
The three Clock Select bits select the clock source to be used by the Timer/Counter. Refer to Figure
16-10 and Figure 16-11.



Table 16-7. Clock Select Bit Description



CS12 CS11 CS10 Description



0 0 0 No clock source (Timer/Counter stopped).



0 1 clkI/O/1 (No prescaling)



0 1 0 clkI/O/8 (From prescaler)



0 1 1 clkI/O/64 (From prescaler)



1 0 0 clkI/O/256 (From prescaler)



1 0 1 clkI/O/1024 (From prescaler)
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CS12 CS11 CS10 Description



1 1 0 External clock source on T1 pin. Clock on falling edge.



1 1 1 External clock source on T1 pin. Clock on rising edge.
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16.14.3. TC1 Control Register C



Name:  TCCR1C
Offset:  0x82
Reset:  0x00
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
 FOC1A FOC1B        



Access R/W R/W  
Reset 0 0  



Bit 7 – FOC1A: Force Output Compare for Channel A



Bit 6 – FOC1B: Force Output Compare for Channel B
The FOC1A/FOC1B bits are only active when the WGM1[3:0] bits specifies a non-PWM mode. When
writing a logical one to the FOC1A/FOC1B bit, an immediate compare match is forced on the Waveform
Generation unit. The OC1A/OC1B output is changed according to its COM1x[1:0] bits setting. Note that
the FOC1A/FOC1B bits are implemented as strobes. Therefore it is the value present in the COM1x[1:0]
bits that determine the effect of the forced compare.



A FOC1A/FOC1B strobe will not generate any interrupt nor will it clear the timer in Clear Timer on
Compare match (CTC) mode using OCR1A as TOP. The FOC1A/FOC1B bits are always read as zero.



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



176











16.14.4. TC1 Counter Value Low and High byte
The TCNT1L and TCNT1H register pair represents the 16-bit value, TCNT1.The low byte [7:0] (suffix L) is
accessible at the original offset. The high byte [15:8] (suffix H) can be accessed at offset + 0x01. For
more details on reading and writing 16-bit registers, refer to Accessing 16-bit Registers.



Name:  TCNT1L and TCNT1H
Offset:  0x84
Reset:  0x00
Property:
 



-



Bit 15 14 13 12 11 10 9 8  
 TCNT1[15:8]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bit 7 6 5 4 3 2 1 0  
 TCNT1[7:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 15:0 – TCNT1[15:0]: Timer/Counter 1 Counter Value
The two Timer/Counter I/O locations (TCNT1H and TCNT1L, combined TCNT1) give direct access, both
for read and for write operations, to the Timer/Counter unit 16-bit counter. To ensure that both the high
and low bytes are read and written simultaneously when the CPU accesses these registers, the access is
performed using an 8-bit temporary High Byte Register (TEMP). This temporary register is shared by all
the other 16-bit registers. Refer to Accessing 16-bit Registers for details.



Modifying the counter (TCNT1) while the counter is running introduces a risk of missing a compare match
between TCNT1 and one of the OCR1x Registers.



Writing to the TCNT1 Register blocks (removes) the compare match on the following timer clock for all
compare units.
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16.14.5. Input Capture Register 1 Low and High byte
The ICR1L and ICR1H register pair represents the 16-bit value, ICR1.The low byte [7:0] (suffix L) is
accessible at the original offset. The high byte [15:8] (suffix H) can be accessed at offset + 0x01. For
more details on reading and writing 16-bit registers, refer to Accessing 16-bit Registers.



Name:  ICR1L and ICR1H
Offset:  0x86
Reset:  0x00
Property:
 



-



Bit 15 14 13 12 11 10 9 8  
 ICR1[15:8]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bit 7 6 5 4 3 2 1 0  
 ICR1[7:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 15:0 – ICR1[15:0]: Input Capture 1
The Input Capture is updated with the counter (TCNT1) value each time an event occurs on the ICP1 pin
(or optionally on the Analog Comparator output for Timer/Counter1). The Input Capture can be used for
defining the counter TOP value.



The Input Capture Register is 16-bit in size. To ensure that both the high and low bytes are read
simultaneously when the CPU accesses these registers, the access is performed using an 8-bit
temporary High Byte Register (TEMP). This temporary register is shared by all the other 16-bit registers.
Refer to Accessing 16-bit Registers for details.
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16.14.6. Output Compare Register 1 A Low and High byte
The OCR1AL and OCR1AH register pair represents the 16-bit value, OCR1A.The low byte [7:0] (suffix L)
is accessible at the original offset. The high byte [15:8] (suffix H) can be accessed at offset + 0x01. For
more details on reading and writing 16-bit registers, refer to Accessing 16-bit Registers.



Name:  OCR1AL and OCR1AH
Offset:  0x88
Reset:  0x00
Property:
 



-



Bit 15 14 13 12 11 10 9 8  
 OCR1A[15:8]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bit 7 6 5 4 3 2 1 0  
 OCR1A[7:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 15:0 – OCR1A[15:0]: Output Compare 1 A
The Output Compare Registers contain a 16-bit value that is continuously compared with the counter
value (TCNT1). A match can be used to generate an Output Compare interrupt, or to generate a
waveform output on the OC1A pin.



The Output Compare Registers are 16-bit in size. To ensure that both the high and low bytes are written
simultaneously when the CPU writes to these registers, the access is performed using an 8-bit temporary
High Byte Register (TEMP). This temporary register is shared by all the other 16-bit registers. Refer to 
Accessing 16-bit Registers for details.
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16.14.7. Output Compare Register 1 B Low and High byte
The OCR1BL and OCR1BH register pair represents the 16-bit value, OCR1B.The low byte [7:0] (suffix L)
is accessible at the original offset. The high byte [15:8] (suffix H) can be accessed at offset + 0x01. For
more details on reading and writing 16-bit registers, refer to Accessing 16-bit Registers.



Name:  OCR1BL and OCR1BH
Offset:  0x8A
Reset:  0x00
Property:
 



-



Bit 15 14 13 12 11 10 9 8  
 OCR1B[15:8]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bit 7 6 5 4 3 2 1 0  
 OCR1B[7:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 15:0 – OCR1B[15:0]: Output Compare 1 B
The Output Compare Registers contain a 16-bit value that is continuously compared with the counter
value (TCNT1). A match can be used to generate an Output Compare interrupt, or to generate a
waveform output on the OC1B pin.



The Output Compare Registers are 16-bit in size. To ensure that both the high and low bytes are written
simultaneously when the CPU writes to these registers, the access is performed using an 8-bit temporary
High Byte Register (TEMP). This temporary register is shared by all the other 16-bit registers. Refer to 
Accessing 16-bit Registers for details.
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16.14.8. Timer/Counter 1 Interrupt Mask Register



Name:  TIMSK1
Offset:  0x6F
Reset:  0x00
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
   ICIE   OCIEB OCIEA TOIE  



Access R/W R/W R/W R/W  
Reset 0 0 0 0  



Bit 5 – ICIE: Input Capture Interrupt Enable
When this bit is written to '1', and the I-flag in the Status Register is set (interrupts globally enabled), the
Timer/Counter1 Input Capture interrupt is enabled. The corresponding Interrupt Vector is executed when
the ICF Flag, located in TIFR1, is set.



Bit 2 – OCIEB: Output Compare B Match Interrupt Enable
When this bit is written to '1', and the I-flag in the Status Register is set (interrupts globally enabled), the
Timer/Counter Output Compare B Match interrupt is enabled. The corresponding Interrupt Vector is
executed when the OCFB Flag, located in TIFR1, is set.



Bit 1 – OCIEA: Output Compare A Match Interrupt Enable
When this bit is written to '1', and the I-flag in the Status Register is set (interrupts globally enabled), the
Timer/Counter Output Compare A Match interrupt is enabled. The corresponding Interrupt Vector is
executed when the OCFA Flag, located in TIFR1, is set.



Bit 0 – TOIE: Overflow Interrupt Enable
When this bit is written to '1', and the I-flag in the Status Register is set (interrupts globally enabled), the
Timer/Counter 1 Overflow interrupt is enabled. The corresponding Interrupt Vector is executed when the
TOV Flag, located in TIFR1, is set.
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16.14.9. TC1 Interrupt Flag Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  TIFR1
Offset:  0x36
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x16



Bit 7 6 5 4 3 2 1 0  
   ICF   OCFB OCFA TOV  



Access R/W R/W R/W R/W  
Reset 0 0 0 0  



Bit 5 – ICF: Timer/Counter1, Input Capture Flag
This flag is set when a capture event occurs on the ICP1 pin. When the Input Capture Register (ICR1) is
set by the WGM1[3:0] to be used as the TOP value, the ICF Flag is set when the counter reaches the
TOP value.



ICF is automatically cleared when the Input Capture Interrupt Vector is executed. Alternatively, ICF can
be cleared by writing a logic one to its bit location.



Bit 2 – OCFB: Timer/Counter1, Output Compare B Match Flag
This flag is set in the timer clock cycle after the counter (TCNT1) value matches the Output Compare
Register B (OCR1B).



Note that a Forced Output Compare (FOCB) strobe will not set the OCF1B Flag.



OCFB is automatically cleared when the Output Compare Match B Interrupt Vector is executed.
Alternatively, OCF1B can be cleared by writing a logic one to its bit location.



Bit 1 – OCFA: Timer/Counter1, Output Compare A Match Flag
This flag is set in the timer clock cycle after the counter (TCNT1) value matches the Output Compare
Register A (OCR1A).



Note that a Forced Output Compare (FOCA) strobe will not set the OCF1A Flag.



OCFA is automatically cleared when the Output Compare Match A Interrupt Vector is executed.
Alternatively, OCF1A can be cleared by writing a logic one to its bit location.



Bit 0 – TOV: Timer/Counter1, Overflow Flag
The setting of this flag is dependent of the WGM1[3:0] bits setting. In Normal and CTC modes, the TOV1
Flag is set when the timer overflows. Refer to the Waveform Generation Mode bit description for the TOV
Flag behavior when using another WGM1[3:0] bit setting.



TOV1 is automatically cleared when the Timer/Counter 1 Overflow Interrupt Vector is executed.
Alternatively, TOV1 can be cleared by writing a logic one to its bit location.
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17. Timer/Counter 0, 1 Prescalers
The 8-bit Timer/Counter0 (TC0) , 16-bit Timer/Counters 1 (TC1) share the same prescaler module, but
the Timer/Counters can have different prescaler settings. The following description applies to: TC0 , TC1 .



Related Links
8-bit Timer/Counter0 with PWM on page 126
16-bit Timer/Counter1 with PWM on page 150



17.1. Internal Clock Source
The Timer/Counter can be clocked directly by the system clock (by setting the CSn[2:0]=0x1). This
provides the fastest operation, with a maximum Timer/Counter clock frequency equal to system clock
frequency (fCLK_I/O). Alternatively, one of four taps from the prescaler can be used as a clock source. The
prescaled clock has a frequency of either fCLK_I/O/8, fCLK_I/O/64, fCLK_I/O/256, or fCLK_I/O/1024.



17.2. Prescaler Reset
The prescaler is free running, i.e., operates independently of the Clock Select logic of the Timer/Counter,
and it is shared by Timer/Counter1 and Timer/Counter0. Since the prescaler is not affected by the Timer/
Counter’s clock select, the state of the prescaler will have implications for situations where a prescaled
clock is used. One example of prescaling artifacts occurs when the timer is enabled and clocked by the
prescaler (0x6 > CSn[2:0] > 0x1). The number of system clock cycles from when the timer is enabled to
the first count occurs can be from 1 to N+1 system clock cycles, where N equals the prescaler divisor (8,
64, 256, or 1024).



It is possible to use the prescaler reset for synchronizing the Timer/Counter to program execution.
However, care must be taken if the other Timer/Counter that shares the same prescaler also uses
prescaling. A prescaler reset will affect the prescaler period for all Timer/Counters it is connected to.



17.3. External Clock Source
An external clock source applied to the T1/T0 pin can be used as Timer/Counter clock (clkT1/clkT0). The
T1/T0 pin is sampled once every system clock cycle by the pin synchronization logic. The synchronized
(sampled) signal is then passed through the edge detector. See also the block diagram of the T1/T0
synchronization and edge detector logic below. The registers are clocked at the positive edge of the
internal system clock (clkI/O). The latch is transparent in the high period of the internal system clock.



The edge detector generates one clkT1/clkT0 pulse for each positive (CSn[2:0]=0x7) or negative
(CSn[2:0]=0x6) edge it detects.



Figure 17-1. T1/T0 Pin Sampling
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The synchronization and edge detector logic introduces a delay of 2.5 to 3.5 system clock cycles from an
edge has been applied to the T1/T0 pin to the counter is updated.



Enabling and disabling of the clock input must be done when T1/T0 has been stable for at least one
system clock cycle, otherwise it is a risk that a false Timer/Counter clock pulse is generated.



Each half period of the external clock applied must be longer than one system clock cycle to ensure
correct sampling. The external clock must be guaranteed to have less than half the system clock
frequency (fTn < fclk_I/O/2) given a 50% duty cycle. Since the edge detector uses sampling, the maximum
frequency of an external clock it can detect is half the sampling frequency (Nyquist sampling theorem).
However, due to variation of the system clock frequency and duty cycle caused by the tolerances of the
oscillator source (crystal, resonator, and capacitors), it is recommended that maximum frequency of an
external clock source is less than fclk_I/O/2.5.



An external clock source can not be prescaled.



Figure 17-2. Prescaler for Timer/Counter0 and Timer/Counter1(1)
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Note:  1. The synchronization logic on the input pins (T1/T0) is shown in the block diagram above.



17.4. Register Description



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



184











17.4.1. General Timer/Counter Control Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  GTCCR
Offset:  0x43
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x23



Bit 7 6 5 4 3 2 1 0  
 TSM ICPSEL1      PSRSYNC  



Access R/W R/W R/W  
Reset 0 0 0  



Bit 7 – TSM: Timer/Counter Synchronization Mode
Writing the TSM bit to one activates the Timer/Counter Synchronization mode. In this mode, the value
that is written to the PSRASY and PSRSYNC bits is kept, hence keeping the corresponding prescaler
reset signals asserted. This ensures that the corresponding Timer/Counters are halted and can be
configured to the same value without the risk of one of them advancing during configuration. When the
TSM bit is written to zero, the PSRASY and PSRSYNC bits are cleared by hardware, and the Timer/
Counters start counting simultaneously.



Bit 6 – ICPSEL1: Timer 1 Input Capture selection
Timer 1 capture function has two possible inputs ICP1A (PD4) and ICP1B (PC3).



Value Description
0 Select ICP1A as trigger for timer 1 input capture
1 Select ICP1B as trigger for timer 1 input capture



Bit 0 – PSRSYNC: Prescaler Reset
When this bit is one, Timer/Counter 0, 1 prescaler will be Reset. This bit is normally cleared immediately
by hardware, except if the TSM bit is set. Note that Timer/Counter 0, 1 share the same prescaler and a
reset of this prescaler will affect the mentioned timers.
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18. PSC – power stage controller



18.1. Features
• PWM waveform generating function with six complementary programmable outputs (able to control



three half-bridges)
• Programmable dead time control
• PWM up to 12-bit resolution
• PWM clock frequency up to 64MHz (via PLL)
• Programmable ADC trigger
• Automatic Overlap protection
• Failsafe emergency inputs - 3 (to force all outputs to high impedance or in inactive state - fuse



configurable)
• Center aligned and edge aligned modes synchronization



18.2. Overview
The Power Stage Controller is a high performance waveform controller.



Many register and bit references in this section are written in general form.



• A lower case “n” replaces the PSC module number, in this case 0, 1 or 2. However, when using the
register or bit defines in a program, the precise form must be used, that is, POCR0SAH for
accessing module 0 POCRnSAH register and so on



• A lower case “x” replaces the PSC part , in this case A or B. However, when using the register or bit
defines in a program, the precise form must be used, that is, OCR0SAH for accessing part A
OCR0SxH register and so on



The purpose of the Power Stage Controller (PSC) is to control an external power interface. It has six
outputs to drive for example a three half-bridge. This feature allows you to generate three phase
waveforms for applications such as Asynchronous or BLDC motor drives, lighting systems...



The PSC also has three inputs, the purpose of which is to provide fast emergency stop capability.



The PSC outputs are programmable as “active high” or “active low”. All the timing diagrams in the
following examples are given in the “active high” polarity.



18.3. Accessing 16-bit registers
Some PSC registers are 16-bit registers. These registers can be accessed by the AVR CPU via the 8-bit
data bus. The 16-bit registers must be byte accessed using two read or write operations. The PSC has a
single 8-bit register for temporary storing of the high byte of the 16-bit access. The same temporary
register is shared between all PSC 16-bit registers. Accessing the low byte triggers the 16-bit read or
write operation. When the low byte of a 16-bit register is written by the CPU, the high byte stored in the
temporary register, and the low byte written are both copied into the 16-bit register in the same clock
cycle. When the low byte of a 16-bit register is read by the CPU, the high byte of the 16-bit register is
copied into the temporary register in the same clock cycle as the low byte is read.



To do a 16-bit write, the high byte must be written before the low byte. For a 16-bit read, the low byte
must be read before the high byte.
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18.4. PSC description
Figure 18-1. Power Stage Controller block diagram.
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The PSC is based on the use of a free-running 12-bit counter (PSC counter). This counter is able to count
up to a top value determined by the contents of POCR_RB register and then according to the selected
running mode, count down or reset to zero for another cycle.
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As can be seen from the block diagram, the PSC is composed of three modules.



Each of the three PSC modules can be seen as two symmetrical entities. One entity named part A which
generates the output PSCOUTnA and the second one named part B which generates the PSCOUTnB
output.



Each module has its own PSC Input circuitry which manages the corresponding input.



18.5. Functional description



18.5.1. Generating control waveforms
In general, the drive of a 3-phase motor requires generating six PWM signals. The duty cycle of these
signals must be independently controlled to adjust the speed or torque of the motor or to produce the
wanted waveform on the three voltage lines (trapezoidal, sinusoidal, and so on).



In case of cross conduction or overtemperature, having inputs which can immediately disable the
waveform generator’s outputs is desirable.



These considerations are common for many systems which require PWM signals to drive power systems
such as lighting, DC/DC converters, and so on.



18.5.2. Waveform cycles
Each of the three modules has two waveform generators which jointly compose the output signal.



The first part of the waveform is relative to part A or PSCOUTnA output. This waveform corresponds to
sub-cycle A in the following figure.



The second part of the waveform is relative to part B or PSCOUTnB output. This waveform corresponds
to sub-cycle B in the following figure.



The complete waveform is terminated at the end of the sub-cycle B, whereupon any changes to the
settings of the waveform generator registers will be implemented, for the next cycle.



The PSC can be configured in one of two modes (1Ramp Mode or Centered Mode). This configuration
will affect the operation of all the waveform generators.



Figure 18-2. Cycle presentation in One Ramp mode.
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Figure 18-3. Cycle presentation in Centered mode.
One PSC cycle



UPDATE



PSC counter va lue



The figures above graphically illustrate the values held in the PSC counter. Centered mode is like One
Ramp mode which counts down and then up.



Notice that the update of the waveform generator registers is done regardless of ramp mode at the end of
the PSC cycle.



18.5.3. Operation mode descriptions
Waveforms and duration of output signals are determined by parameters held in the registers (POCRnSA,
POCRnRA, POCRnSB, POCR_RB) and by the running mode. Two modes are possible:



• One Ramp Mode. In this mode, all the three PSCOUTnB outputs are edge-aligned and the three
PSCOUTnA can be also edge-aligned when setting the same values in the dedicated registers.
In this mode, the PWM frequency is twice the Center Aligned mode PWM frequency



• Center Aligned Mode. In this mode, all the six PSC outputs are aligned at the center of the period.
Except when using the same duty cycles on the three modules, the edges of the outputs are not
aligned. So the PSC outputs do not commute at the same time, thus the system which is driven by
these outputs will generate less commutation noise.
In this mode, the PWM frequency is twice as slow as in One Ramp mode



18.5.3.1. One Ramp mode (edge-aligned)
The following figure shows the resultant outputs PSCOUTnA and PSCOUTnB operating in one ramp
mode over a PSC cycle.
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Figure 18-4. PSCOUTnA & PSCOUTnB basic waveforms in One Ramp mode.
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On-Time B = (POCRnRBH/L - POCRnSBH/L) × 1/Fclkpsc



Dead-Time A = (POCRnSAH/L + 1) × 1/Fclkpsc



Dead-Time B = (POCRnSBH/L - POCRnRAH/L) × 1/Fclkpsc



Note:  Minimal value for Dead-time A = 1/Fclkpsc.



If the overlap protection is disabled, in One-Ramp mode, PSCOUTnA and PSCOUTnB outputs can be
configured to overlap each other, though in normal use this is not desirable.



Figure 18-5. Controlled start and stop mechanism in One-Ramp mode
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Note:  See PCTL. (PCCYC = 1).



18.5.3.2. Center Aligned mode
In center aligned mode, the center of PSCOUTnA and PSCOUTnB signals are centered.
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Figure 18-6. PSCOUTnA & PSCOUTnB basic waveforms in Center Aligned mode.
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Note that in center aligned mode, POCRnRAH/L is not required (as it is in one-ramp mode) to control
PSC Output waveform timing. This allows POCRnRAH/L to be freely used to adjust ADC synchronization.
See Analog synchronization



Figure 18-7. Controlled start and stop mechanism in Centered mode
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18.6. Update of values
To avoid asynchronous and incoherent values in a cycle, if an update of one of several values is
necessary, all values are updated at the same time at the end of the cycle by the PSC. The new set of
values is calculated by software and the update is initiated by software.



Figure 18-8. Update at the end of complete PSC cycle.
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The software can stop the cycle before the end to update the values and restart a new PSC cycle.



18.6.1. Value update synchronization
New timing values or PSC output configuration can be written during the PSC cycle. Thanks to the LOCK
configuration bit, the new whole set of values can be taken into account after the end of the PSC cycle.



When LOCK configuration bit is set, there is no update. The update of the PSC internal registers will be
done at the end of the PSC cycle if the LOCK bit is released to zero.



The registers which update is synchronized thanks to LOCK are POC, POCR0SA, POCR1SA,
POCR2SA, POCR0RA, POCR1RA, POCR2RA, POCR0SB, POCR1SB, POCR2SB and POCR_RB.



18.7. Overlap Protection
Thanks to Overlap Protection two outputs on a same module cannot be active at the same time. So it
cannot generate cross conduction. This feature can be disactivated thanks to POVEn (PSC Overlap
Enable).
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18.8. Signal description
Figure 18-9. PSC external block view.
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18.8.1. Input Description
Table 18-1. Internal inputs



Name Description Type width



POCR_RB[11:0] Compare value which reset
signal on Part B (PSCOUTnB)



Register 12 bits



POCRnSB[11:0] Compare value which set signal
on Part B (PSCOUTnB)



Register 12 bits



POCRnRA[11:0] Compare value which reset
signal on Part A (PSCOUTnA)



Register 12 bits



POCRnSA[11:0] Compare value which set signal
on Part A (PSCOUTnA)



Register 12 bits



CLK I/O Clock input from I/O clock Signal



CLK PLL Clock input from PLL Signal



AC0O Analog Comparator 0 Output Signal
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Name Description Type width



AC1O Analog Comparator 1 Output Signal



AC2O Analog Comparator 2 Output Signal



Table 18-2. Block Inputs



Name Description Type width



PSCIN0 Input 0 used for fault function Signal



PSCIN1 Input 1 used for fault function Signal



PSCIN2 Input 2 used for fault function Signal



18.8.2. Output description
Table 18-3. Block Outputs



Name Description Type width



PSCOUT0A PSC Module 0 Output A Signal



PSCOUT0B PSC Module 0 Output B Signal



PSCOUT1A PSC Module 1 Output A Signal



PSCOUT1B PSC Module 1 Output B Signal



PSCOUT2A PSC Module 2 Output A Signal



PSCOUT2B PSC Module 2 Output B Signal



Table 18-4. Internal Outputs



Name Description Type width



IRQPSCn PSC interrupt request: two
souces, overflow, fault



Signal



PSCASY ADC synchronization (+ Amplifier
Syncho)
Note:  See Analog
synchronization



Signal



18.9. PSC input
For detailed information on the PSC, please refer to Application Note ‘AVR138: ATmega32M1 family PSC
Cookbook’, available on the Atmel web site.



Each module 0, 1 and 2 of PSC has its own system to take into account one PSC input. According to
PSC Module n Input Control Register. See “PMICn – PSC Module n Input Control Register” on page 144.
PSCINn input can act has a Retrigger or Fault input.



Each block A or B is also configured by this PSC Module n Input Control Register (PMICn).
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Figure 18-10. PSC input module.
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18.9.1. PSC input configuration
The PSC input configuration is done by programming bits in configuration registers.



18.9.1.1. Filter enable
If the “Filter Enable” bit is set, a digital filter of four cycles is inserted before evaluation of the signal. The
disable of this function is mainly needed for prescaled PSC clock sources, where the noise cancellation
gives too high latency.



Important: If the digital filter is active, the level sensitivity is true also with a disturbed PSC clock to
deactivate the outputs (emergency protection of external component). Likewise when used as fault input,
PSC Module n Input A or Input B have to go through PSC to act on PSCOUTn0/1/2 outputs. This way
needs that CLKPSC is running. So thanks to PSC Asynchronous Output Control bit (PAOCnA/B), PSCINn
input can desactivate directly the PSC outputs. Notice that in this case, input is still taken into account as
usually by Input Module System as soon as CLKPSC is running.



Figure 18-11. PSC input filtering.
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18.9.1.2. Signal polarity
One can select the active edge (edge modes) or the active level (level modes). See PELEVnx bit
description in Section "PMICn – PSC Module n Input Control Register", page 144.



If PELEVnx bit set, the significant edge of PSCn Input A or B is rising (edge modes) or the active level is
high (level modes) and vice versa for unset/falling/low.



- In 2- or 4-ramp mode, PSCn Input A is taken into account only during Dead-Time0 and On-Time0 period
(respectively Dead-Time1 and On-Time1 for PSCn Input B)



- In 1-ramp-mode PSC Input A or PSC Input B act on the whole ramp



18.9.1.3. Input mode operation
Thanks to four configuration bits (PRFM3:0), it is possible to define the mode of the PSC inputs.



Table 18-5. PSC Input mode operation.



PRFMn2:0 Description



000b No action, PSC Input is ignored



001b Disactivate module n Outputs A



010b Disactivate module n Output B



011b Disactivate module n Output A & B



10x Disactivate all PSC Output



11xb Halt PSC and Wait for Software Action



Note: All following examples are given with rising edge or high level active inputs.



18.10. PSC input modes 001b to 10xb: Deactivate outputs without changing timing
Figure 18-12. PSC behavior versus PSCn input in mode 001b to 10xb



PSCOUTnA



PSCOUTnB



PSCn input



DT0 OT0 DT1 OT1 DT0 OT0 DT1 OT1DT0 OT0 DT1 OT1



Figure 18-13. PSC behavior versus PSCn Input A or Input B in fault mode 4
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PSCn input acts indifferently on On-Time0/Dead-Time0 or on On-Time1/Dead-Time1.



18.11. PSC Input Mode 11xb: Halt PSC and wait for software action
Figure 18-14. PSC behavior versus PSCn Input A in fault mode 11xb
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Note:  Software action is the setting of the PRUNn bit in PCTLn register.



Used in fault mode 7, PSCn Input A or PSCn Input B act indifferently on On-Time0/Dead-Time0 or on On-
Time1/Dead-Time1.



18.12. Analog synchronization
Each PSC module generates a signal to synchronize the ADC sample and hold; synchronisation is
mandatory for measurements.



This signal can be selected between all falling or rising edge of PSCOUTnA or PSCOUTnB outputs.



In center aligned mode, OCRnRAH/L is not used, so it can be used to specified the synchronization of the
ADC. It this case, it’s minimum value is 1.



18.13. Interrupt handling
As each PSC module can be dedicated for one function, each PSC has its own interrupt system.



List of interrupt sources:



• Counter reload (end of On Time 1)
• PSC Input event (active edge or at the beginning of level configured event)
• PSC Mutual Synchronization Error



18.14. PSC clock sources
Each PSC has two clock inputs:



• CLK PLL from the PLL
• CLK I/O
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Figure 18-15. Clock selection.
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PCLKSELn bit in PSC Control Register (PCTL) is used to select the clock source.



PPREn1/0 bits in PSC Control Register (PCTL) are used to select the divide factor of the clock.



Table 18-6. Output clock versus selection and prescaler.



PCLKSELn PPREn1 PPREn0 CLKPSCn output



0 0 0 CLK I/O



0 0 1 CLK I/O / 4



0 1 0 CLK I/O / 32



0 1 1 CLK I/O / 256



1 0 0 CLK PLL



1 0 1 CLK PLL / 4



1 1 0 CLK PLL / 32



1 1 1 CLK PLL / 256



18.15. Interrupts
This section describes the specifics of the interrupt handling as performed in Atmel
ATmega16M1/32M1/64M1.



18.15.1. Interrupt vector
PSC provides two interrupt vectors:



• PSC_End (End of Cycle): When enabled and when a match with POCR_RB occurs
• PSC_Fault (Fault Event): When enabled and when a PSC input detects a Fault event



18.15.2. PSC interrupt vectors in ATmega16M1/32M1/64M1
Table 18-7. PSC interrupt vectors.



Vector
no.



Program
address



Source Interrupt definition



- - - -



5 0x0004 PSC_Fault PSC fault event
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Vector
no.



Program
address



Source Interrupt definition



6 0x0005 PSC_End PSC end of Cycle



- - - -



- - - -



18.16. Register Description
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18.16.1. PSC Output Configuration



Name:  POC
Offset:  0xB6
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
   POEN2B POEN2A POEN1B POEN1A POEN0B POEN0A  



Access  
Reset 0 0 0 0 0 0  



Bit 5 – POEN2B: PSC Output 2B Enable



Value Description
0 I/O pin affected to PSCOUT2B acts as a standard port.
1 I/O pin affected to PSCOUT2B is connected to the PSC module 2 waveform generator B



output and is set and clear according to the PSC operation.



Bit 4 – POEN2A: PSC Output 2A Enable



Value Description
0 I/O pin affected to PSCOUT2A acts as a standard port.
1 I/O pin affected to PSCOUT2A is connected to the PSC module 2 waveform generator A



output and is set and clear according to the PSC operation.



Bit 3 – POEN1B: PSC Output 2B Enable



Value Description
0 I/O pin affected to PSCOUT1B acts as a standard port.
1 I/O pin affected to PSCOUT1B is connected to the PSC module 1 waveform generator B



output and is set and clear according to the PSC operation.



Bit 2 – POEN1A: PSC Output 1A Enable



Value Description
0 I/O pin affected to PSCOUT1A acts as a standard port.
1 I/O pin affected to PSCOUT1A is connected to the PSC module 1 waveform generator A



output and is set and clear according to the PSC operation.



Bit 1 – POEN0B: PSC Output 0B Enable



Value Description
0 I/O pin affected to PSCOUT0B acts as a standard port.
1 I/O pin affected to PSCOUT0B is connected to the PSC module 0 waveform generator B



output and is set and clear according to the PSC operation.



Bit 0 – POEN0A: PSC Output 0A Enable
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Value Description
0 I/O pin affected to PSCOUT0A acts as a standard port.
1 I/O pin affected to PSCOUT0A is connected to the PSC module 0 waveform generator A



output and is set and clear according to the PSC operation.
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18.16.2. PSC Synchro Configuration



Name:  PSYNC
Offset:  0xB4
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
   PSYNC2[1:0] PSYNC1[1:0] PSYNC0[1:0]  



Access  
Reset 0 0 0 0 0 0  



Bits 0:1, 2:3, 4:5 – PSYNCn: Synchronization Out for ADC Selection
Select the polarity and signal source for generating a signal which will be sent from module n to the ADC
for synchronization.



Value Name Description
00 One Ramp mode Send signal on leading edge of PSCOUTnA (match with OCRnSA)
01 One Ramp mode Send signal on trailing edge of PSCOUTnA (match with OCRnRA or fault/



retrigger on part A)
10 One Ramp mode Send signal on leading edge of PSCOUTnB (match with OCRnSB)
11 One Ramp mode Send signal on trailing edge of PSCOUTnB (match with OCRnRB or fault/



retrigger on part B)
00 Centered mode Send signal on match with OCRnRA (during counting down of PSC). The



min value of OCRnRA must be 1
01 Centered mode Send signal on match with OCRnRA (during counting up of PSC). The



min value of OCRnRA must be 1
10 Centered mode no synchronization signal
11 Centered mode no synchronization signal
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18.16.3. PSC Output Compare SA Register
Note:  n = 0 to 2 according to module number.



The Output Compare Registers RA, RB, SA and SB contain a 12-bit value that is continuously compared
with the PSC counter value. A match can be used to generate an Output Compare interrupt, or to
generate a waveform output on the associated pin.



The Output Compare Registers are 16-bit and 12-bit in size. To ensure that both the high and low bytes
are written simultaneously when the CPU writes to these registers, the access is performed using an 8-bit
temporary high byte register (TEMP). This temporary register is shared by all the other 16-bit registers.



Name:  POCR0SA, POCR1SA, POCR2SA
Offset:  0xA0 + n*0x06 [n=0..2]
Reset:  0x0
Property:
 



R/W



Bit 15 14 13 12 11 10 9 8  
     POCRmSAH[11:8]  



Access  
Reset 0 0 0 0  



Bit 7 6 5 4 3 2 1 0  
 POCRmSAL[7:0]  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 11:8 – POCRmSAH[11:8]: PSC Output Compare SA High bits



Bits 7:0 – POCRmSAL[7:0]: PSC Output Compare SA Low byte
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18.16.4. PSC Output Compare RA Register
Note:  n = 0 to 2 according to module number.



The Output Compare Registers RA, RB, SA and SB contain a 12-bit value that is continuously compared
with the PSC counter value. A match can be used to generate an Output Compare interrupt, or to
generate a waveform output on the associated pin.



The Output Compare Registers are 16-bit and 12-bit in size. To ensure that both the high and low bytes
are written simultaneously when the CPU writes to these registers, the access is performed using an 8-bit
temporary high byte register (TEMP). This temporary register is shared by all the other 16-bit registers.



Name:  POCR0RA, POCR1RA, POCR2RA
Offset:  0xA2 + n*0x06 [n=0..2]
Reset:  0x0
Property:
 



R/W



Bit 15 14 13 12 11 10 9 8  
     POCRmRAH[11:8]  



Access  
Reset 0 0 0 0  



Bit 7 6 5 4 3 2 1 0  
 POCRmRAL[7:0]  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 11:8 – POCRmRAH[11:8]: PSC Output Compare RA High bits



Bits 7:0 – POCRmRAL[7:0]: PSC Output Compare RA Low byte
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18.16.5. PSC Output Compare SB Register
Note:  n = 0 to 2 according to module number.



The Output Compare Registers RA, RB, SA and SB contain a 12-bit value that is continuously compared
with the PSC counter value. A match can be used to generate an Output Compare interrupt, or to
generate a waveform output on the associated pin.



The Output Compare Registers are 16-bit and 12-bit in size. To ensure that both the high and low bytes
are written simultaneously when the CPU writes to these registers, the access is performed using an 8-bit
temporary high byte register (TEMP). This temporary register is shared by all the other 16-bit registers.



Name:  POCR0SB, POCR1SB, POCR2SB
Offset:  0xA4 + n*0x06 [n=0..2]
Reset:  0x0
Property:
 



R/W



Bit 15 14 13 12 11 10 9 8  
     POCRmSBH[11:8]  



Access  
Reset 0 0 0 0  



Bit 7 6 5 4 3 2 1 0  
 POCRmSBL[7:0]  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 11:8 – POCRmSBH[11:8]: PSC Output Compare SB High bits



Bits 7:0 – POCRmSBL[7:0]: PSC Output Compare SB Low byte



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



205











18.16.6. PSC Output Compare RB Register
The Output Compare Registers RA, RB, SA and SB contain a 12-bit value that is continuously compared
with the PSC counter value. A match can be used to generate an Output Compare interrupt, or to
generate a waveform output on the associated pin.



The Output Compare Registers are 16-bit and 12-bit in size. To ensure that both the high and low bytes
are written simultaneously when the CPU writes to these registers, the access is performed using an 8-bit
temporary high byte register (TEMP). This temporary register is shared by all the other 16-bit registers.



Name:  POCR_RB
Offset:  0xb2
Reset:  0x0
Property:
 



R/W



Bit 15 14 13 12 11 10 9 8  
     POCR_RBH[11:8]  



Access  
Reset 0 0 0 0  



Bit 7 6 5 4 3 2 1 0  
 POCR_RBL[7:0]  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 11:8 – POCR_RBH[11:8]: PSC Output Compare RB High bits



Bits 7:0 – POCR_RBL[7:0]: PSC Output Compare RB Low byte



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



206











18.16.7. PSC Configuration Register



Name:  PCNF
Offset:  0xB5
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
   PULOCK PMODE POPB POPA    



Access  
Reset 0 0 0 0  



Bit 5 – PULOCK: PSC Update Lock
When this bit is set, the Output Compare Registers POCRnRA, POCRnSA, POCRnSB, POCR_RB and
the PSC Output Configuration Registers POC can be written without disturbing the PSC cycles. The
update of the PSC internal registers will be done if the PULOCK bit is released to zero.



Bit 4 – PMODE: PSC Mode
Select the mode of PSC.



Value Description
0 One Ramp mode (edge aligned)
1 Center Aligned mode



Bit 3 – POPB: PSC B Output Polarity



Value Description
0 PSC outputs B are active Low.
1 PSC outputs B are active High.



Bit 2 – POPA: PSC A Output Polarity



Value Description
0 PSC outputs A are active Low.
1 PSC outputs A are active High.
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18.16.8. PSC Control Register



Name:  PCTL
Offset:  0xB7
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 PPRE[1:0] PCLKSEL    PCCYC PRUN  



Access  
Reset 0 0 0 0 0  



Bits 7:6 – PPRE[1:0]: PSC Prescaler Select
These two bits select the PSC input clock division factor. All generated waveforms will be modified by this
factor.



Value Description
00 No divider on PSC input clock
01 Divide the PSC input clock by 4
10 Divide the PSC input clock by 32
11 Divide the PSC clock by 256



Bit 5 – PCLKSEL: PSC Input Clock Select
This bit is used to select between CLKPLL or CLKIO clocks.



Value Description
1 Set this bit to select the fast clock input (CLKPLL).
0 Clear this bit to select the slow clock input (CLKIO).



Bit 1 – PCCYC: PSC Complete Cycle
When this bit is set, the PSC completes the entire waveform cycle before halt operation requested by
clearing PRUN.



Bit 0 – PRUN: PSC Run
Writing this bit to one starts the PSC.



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



208











18.16.9. PSC Module n Input Control Register
The Input Control Registers are used to configure the two PSC’s Retrigger/Fault block A & B. The two
blocks are identical, so they are configured on the same way.



Name:  PMICn
Offset:  0xB8 + n*0x01 [n=0..2]
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 POVENm PISELm PELEVm PFLTEm PAOCm PRFMm[2:0]  



Access  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – POVENm: PSC Module n Overlap Enable
Set this bit to deactivate the Overlap Protection. .



Bit 6 – PISELm: PSC Module n Input Select



Value Description
0 Clear this bit to select PSCINn as module n input.
1 Set this bit to select Comparator n output as module n input.



Bit 5 – PELEVm: PSC Module n Input Level Selector



Value Description
0 When this bit is clear, the low level of selected input generates the significative event for fault



function.
1 When this bit is set, the high level of selected input generates the significative event for fault



function.



Bit 4 – PFLTEm: PSC Module n Input Filter Enable
Setting this bit (to one) activates the Input Noise Canceler. When the noise canceler is activated, the input
from the input pin is filtered. The filter function requires four successive equal valued samples of the input
pin for changing its output. The Input is therefore delayed by four oscillator cycles when the noise
canceler is enabled.



Bit 3 – PAOCm: PSC Module n 0 Asynchronous Output Control
When this bit is clear, Fault input can act directly to PSC module n outputs A & B.



Bits 2:0 – PRFMm[2:0]: PSC Module n Input Mode
These three bits define the mode of operation of the PSC inputs.



Value Description
0b000 No action, PSC Input is ignored
0b001 Deactivate module n Outputs A
0b010 Deactivate module n Output B
0b011 Deactivate module n Output A & B
0b10x Deactivate all PSC Output
0b11x Halt PSC and wait for software action
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18.16.10. PSC Interrupt Mask Register



Name:  PIM
Offset:  0xBB
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
     PEVE2 PEVE1 PEVE PEOPE  



Access  
Reset 0 0 0 0  



Bit 3 – PEVE2: PSC External Event 2 Interrupt Enable
When this bit is set, an external event which can generates a fault on module 2 generates also an
interrupt.



Bit 2 – PEVE1: PSC External Event 1 Interrupt Enable
When this bit is set, an external event which can generates a fault on module 1 generates also an
interrupt.



Bit 1 – PEVE: PSC External Event 0 Interrupt Enable
When this bit is set, an external event which can generates a fault on module 0 generates also an
interrupt.



Bit 0 – PEOPE: PSC End Of Cycle Interrupt Enable
When this bit is set, an interrupt is generated when PSC reaches the end of the whole cycle.
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18.16.11. PSC Interrupt Flag Register



Name:  PIFR
Offset:  0xBC
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
     PEV2 PEV1 PEV PEOP  



Access  
Reset 0 0 0 0  



Bit 3 – PEV2: PSC External Event 2 Interrupt
This bit is set by hardware when an external event which can generates a fault on module 2 occurs. Must
be cleared by software by writing a one to its location. This bit can be read even if the corresponding
interrupt is not enabled (PEVE2 bit = 0).



Bit 2 – PEV1: PSC External Event 1 Interrupt
This bit is set by hardware when an external event which can generates a fault on module 1 occurs. Must
be cleared by software by writing a one to its location. This bit can be read even if the corresponding
interrupt is not enabled (PEVE1 bit = 0).



Bit 1 – PEV: PSC External Event 0 Interrupt
This bit is set by hardware when an external event which can generates a fault on module 0 occurs. Must
be cleared by software by writing a one to its location. This bit can be read even if the corresponding
interrupt is not enabled (PEVE0 bit = 0).



Bit 0 – PEOP: PSC End Of Cycle Interrupt
This bit is set by hardware when an “end of PSC cycle” occurs. Must be cleared by software by writing a
one to its location. This bit can be read even if the corresponding interrupt is not enabled (PEOPE bit =
0).
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19. SPI – Serial Peripheral Interface



19.1. Features
• Full-duplex, Three-wire Synchronous Data Transfer
• Master or Slave Operation
• LSB First or MSB First Data Transfer
• Seven Programmable Bit Rates
• End of Transmission Interrupt Flag
• Write Collision Flag Protection
• Wake-up from Idle Mode
• Double Speed (CK/2) Master SPI Mode



19.2. Overview
The Serial Peripheral Interface (SPI) allows high-speed synchronous data transfer between the device
and peripheral units, or between several AVR devices.



The USART can also be used in Master SPI mode, please refer to USART in SPI Mode chapter.



To enable the SPI module, Power Reduction Serial Peripheral Interface bit in the Power Reduction
Register (PRR.PRSPI0) must be written to '0'.
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Figure 19-1. SPI Block Diagram
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Note:  Refer to the pin-out description and the IO Port description for SPI pin placement.



The interconnection between Master and Slave CPUs with SPI is shown in the figure below. The system
consists of two shift registers, and a Master Clock generator. The SPI Master initiates the communication
cycle when pulling low the Slave Select SS pin of the desired Slave. Master and Slave prepare the data
to be sent in their respective shift Registers, and the Master generates the required clock pulses on the
SCK line to interchange data. Data is always shifted from Master to Slave on the Master Out – Slave In,
MOSI, line, and from Slave to Master on the Master In – Slave Out, MISO, line. After each data packet,
the Master will synchronize the Slave by pulling high the Slave Select, SS, line.



When configured as a Master, the SPI interface has no automatic control of the SS line. This must be
handled by user software before communication can start. When this is done, writing a byte to the SPI
Data Register starts the SPI clock generator, and the hardware shifts the eight bits into the Slave. After
shifting one byte, the SPI clock generator stops, setting the end of Transmission Flag (SPIF). If the SPI
Interrupt Enable bit (SPIE) in the SPCR Register is set, an interrupt is requested. The Master may
continue to shift the next byte by writing it into SPDR, or signal the end of packet by pulling high the Slave
Select, SS line. The last incoming byte will be kept in the Buffer Register for later use.



When configured as a Slave, the SPI interface will remain sleeping with MISO tri-stated as long as the SS
pin is driven high. In this state, software may update the contents of the SPI Data Register, SPDR, but the
data will not be shifted out by incoming clock pulses on the SCK pin until the SS pin is driven low. As one
byte has been completely shifted, the end of Transmission Flag, SPIF is set. If the SPI Interrupt Enable
bit, SPIE, in the SPCR Register is set, an interrupt is requested. The Slave may continue to place new
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data to be sent into SPDR before reading the incoming data. The last incoming byte will be kept in the
Buffer Register for later use.



Figure 19-2. SPI Master-slave Interconnection



SHIFT
ENABLE



The system is single buffered in the transmit direction and double buffered in the receive direction. This
means that bytes to be transmitted cannot be written to the SPI Data Register before the entire shift cycle
is completed. When receiving data, however, a received character must be read from the SPI Data
Register before the next character has been completely shifted in. Otherwise, the first byte is lost.



In SPI Slave mode, the control logic will sample the incoming signal of the SCK pin. To ensure correct
sampling of the clock signal, the minimum low and high periods should be longer than two CPU clock
cycles.



When the SPI is enabled, the data direction of the MOSI, MISO, SCK, and SS pins is overridden
according to the table below. For more details on automatic port overrides, refer to the IO Port
description.



Table 19-1. SPI Pin Overrides



Pin Direction, Master SPI Direction, Slave SPI



MOSI User Defined Input



MISO Input User Defined



SCK User Defined Input



SS User Defined Input



Note:  1. See the IO Port description for how to define the SPI pin directions.



The following code examples show how to initialize the SPI as a Master and how to perform a simple
transmission. DDR_SPI in the examples must be replaced by the actual Data Direction Register
controlling the SPI pins. DD_MOSI, DD_MISO and DD_SCK must be replaced by the actual data direction
bits for these pins. E.g. if MOSI is placed on pin PB5, replace DD_MOSI with DDB5 and DDR_SPI with
DDRB.



Assembly Code Example



SPI_MasterInit:
   ; Set MOSI and SCK output, all others input
   ldi    r17,(1<<DD_MOSI)|(1<<DD_SCK)
   out    DDR_SPI,r17
   ; Enable SPI, Master, set clock rate fck/16
   ldi    r17,(1<<SPE)|(1<<MSTR)|(1<<SPR0)
   out    SPCR,r17
   ret



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



214











SPI_MasterTransmit:
   ; Start transmission of data (r16)
   out    SPDR,r16
Wait_Transmit:
   ; Wait for transmission complete
   in     r16, SPSR
   sbrs   r16, SPIF
   rjmp   Wait_Transmit
   ret



C Code Example



void SPI_MasterInit(void)
{
   /* Set MOSI and SCK output, all others input */
   DDR_SPI = (1<<DD_MOSI)|(1<<DD_SCK);
   /* Enable SPI, Master, set clock rate fck/16 */
   SPCR = (1<<SPE)|(1<<MSTR)|(1<<SPR0);
}



void SPI_MasterTransmit(char cData)
{
   /* Start transmission */
   SPDR = cData;
   /* Wait for transmission complete */
   while(!(SPSR & (1<<SPIF)))
      ;
}



The following code examples show how to initialize the SPI as a Slave and how to
perform a simple reception.



Assembly Code Example



SPI_SlaveInit:
   ; Set MISO output, all others input
   ldi    r17,(1<<DD_MISO)
   out    DDR_SPI,r17
   ; Enable SPI
   ldi    r17,(1<<SPE)
   out    SPCR,r17
   ret
SPI_SlaveReceive:
   ; Wait for reception complete
   in     r16, SPSR
   sbrs   r16, SPIF
   rjmp SPI_SlaveReceive
   ; Read received data and return
   in     r16,SPDR
   ret



C Code Example



void SPI_SlaveInit(void)
{
   /* Set MISO output, all others input */
   DDR_SPI = (1<<DD_MISO);
   /* Enable SPI */
   SPCR = (1<<SPE);
}
char SPI_SlaveReceive(void)
{
   /* Wait for reception complete */
   while(!(SPSR & (1<<SPIF)))
      ;
   /* Return Data Register */
   return SPDR;
}



Related Links
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PM - Power Management and Sleep Modes on page 60
I/O-Ports on page 94



19.3. SS Pin Functionality



19.3.1. Slave Mode
When the SPI is configured as a Slave, the Slave Select (SS) pin is always input. When SS is held low,
the SPI is activated, and MISO becomes an output if configured so by the user. All other pins are inputs.
When SS is driven high, all pins are inputs, and the SPI is passive, which means that it will not receive
incoming data. The SPI logic will be reset once the SS pin is driven high.



The SS pin is useful for packet/byte synchronization to keep the slave bit counter synchronous with the
master clock generator. When the SS pin is driven high, the SPI slave will immediately reset the send and
receive logic, and drop any partially received data in the Shift Register.



19.3.2. Master Mode
When the SPI is configured as a Master (MSTR in SPCR is set), the user can determine the direction of
the SS pin.



If SS is configured as an output, the pin is a general output pin which does not affect the SPI system.
Typically, the pin will be driving the SS pin of the SPI Slave.



If SS is configured as an input, it must be held high to ensure Master SPI operation. If the SS pin is driven
low by peripheral circuitry when the SPI is configured as a Master with the SS pin defined as an input, the
SPI system interprets this as another master selecting the SPI as a slave and starting to send data to it.
To avoid bus contention, the SPI system takes the following actions:



1. The MSTR bit in SPCR is cleared and the SPI system becomes a Slave. As a result of the SPI
becoming a Slave, the MOSI and SCK pins become inputs.



2. The SPIF Flag in SPSR is set, and if the SPI interrupt is enabled, and the I-bit in SREG is set, the
interrupt routine will be executed.



Thus, when interrupt-driven SPI transmission is used in Master mode, and there exists a possibility that
SS is driven low, the interrupt should always check that the MSTR bit is still set. If the MSTR bit has been
cleared by a slave select, it must be set by the user to re-enable SPI Master mode.



19.4. Data Modes
There are four combinations of SCK phase and polarity with respect to serial data, which are determined
by control bits CPHA and CPOL. Data bits are shifted out and latched in on opposite edges of the SCK
signal, ensuring sufficient time for data signals to stabilize. The following table, summarizes SPCR.CPOL
and SPCR.CPHA settings.



Table 19-2. SPI Modes



SPI Mode Conditions Leading Edge Trailing Edge



0 CPOL=0, CPHA=0 Sample (Rising) Setup (Falling)



1 CPOL=0, CPHA=1 Setup (Rising) Sample (Falling)



2 CPOL=1, CPHA=0 Sample (Falling) Setup (Rising)



3 CPOL=1, CPHA=1 Setup (Falling) Sample (Rising)
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The SPI data transfer formats are shown in the following figure.



Figure 19-3. SPI Transfer Format with CPHA = 0
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Figure 19-4. SPI Transfer Format with CPHA = 1
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19.5. Register Description
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19.5.1. MCU Control Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  MCUCR
Offset:  0x55
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x35



Bit 7 6 5 4 3 2 1 0  
 SPIPS   PUD   IVSEL IVCE  



Access R/W R/W R/W R/W  
Reset 0 0 0 0  



Bit 7 – SPIPS: SPI Pin Redirection
Thanks to SPIPS (SPI Pin Select) in MCUCR Sfr, SPI pins can be redirected. Note that the programming
port is always located on alternate SPI port.



Value Description
0 When the SPIPS bit is written to zero, the SPI signals are directed on pins MISO, MOSI,



SCK and SS
1 When the SPIPS bit is written to one,the SPI signals are directed on alternate SPI pins,



MISO_A, MOSI_A, SCK_A and SS_A



Bit 4 – PUD: Pull-up Disable
When this bit is written to one, the pull-ups in the I/O ports are disabled even if the DDxn and PORTxn
Registers are configured to enable the pull-ups ({DDxn, PORTxn} = 0b01).



Bit 1 – IVSEL: Interrupt Vector Select
When the IVSEL bit is cleared (zero), the Interrupt Vectors are placed at the start of the Flash memory.
When this bit is set (one), the Interrupt Vectors are moved to the beginning of the Boot Loader section of
the Flash. The actual address of the start of the Boot Flash Section is determined by the BOOTSZ Fuses.
To avoid unintentional changes of Interrupt Vector tables, a special write procedure must be followed to
change the IVSEL bit:



1. Write the Interrupt Vector Change Enable (IVCE) bit to one.
2. Within four cycles, write the desired value to IVSEL while writing a zero to IVCE.



Interrupts will automatically be disabled while this sequence is executed. Interrupts are disabled in the
cycle IVCE is set, and they remain disabled until after the instruction following the write to IVSEL. If
IVSEL is not written, interrupts remain disabled for four cycles. The I-bit in the Status Register is
unaffected by the automatic disabling.



Note:  If Interrupt Vectors are placed in the Boot Loader section and Boot Lock bit BLB02 is
programmed, interrupts are disabled while executing from the Application section. If Interrupt Vectors are
placed in the Application section and Boot Lock bit BLB12 is programed, interrupts are disabled while
executing from the Boot Loader section.
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Bit 0 – IVCE: Interrupt Vector Change Enable
The IVCE bit must be written to logic one to enable change of the IVSEL bit. IVCE is cleared by hardware
four cycles after it is written or when IVSEL is written. Setting the IVCE bit will disable interrupts, as
explained in the IVSEL description above. See Code Example below.



Assembly Code Example



Move_interrupts:
; Get MCUCR
in    r16, MCUCR
mov   r17, r16
; Enable change of Interrupt Vectors
ori   r16, (1<<IVCE)
out   MCUCR, r16
; Move interrupts to Boot Flash section
ori   r17, (1<<IVSEL)
out   MCUCR, r17
ret



C Code Example



void Move_interrupts(void)
{
uchar temp;
/* GET MCUCR*/
temp = MCUCR;
/* Enable change of Interrupt Vectors */
MCUCR = temp|(1<<IVCE);
/* Move interrupts to Boot Flash section */
MCUCR = temp|(1<<IVSEL);
}
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19.5.2. SPI Control Register 0
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  SPCR0
Offset:  0x4C
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x2C



Bit 7 6 5 4 3 2 1 0  
 SPIE0 SPE0 DORD0 MSTR0 CPOL0 CPHA0 SPR01 SPR00  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – SPIE0: SPI0 Interrupt Enable
This bit causes the SPI interrupt to be executed if SPIF bit in the SPSR Register is set and if the Global
Interrupt Enable bit in SREG is set.



Bit 6 – SPE0: SPI0 Enable
When the SPE bit is written to one, the SPI is enabled. This bit must be set to enable any SPI operations.



Bit 5 – DORD0: Data0 Order
When the DORD bit is written to one, the LSB of the data word is transmitted first.



When the DORD bit is written to zero, the MSB of the data word is transmitted first.



Bit 4 – MSTR0: Master/Slave0 Select
This bit selects Master SPI mode when written to one, and Slave SPI mode when written logic zero. If SS
is configured as an input and is driven low while MSTR is set, MSTR will be cleared, and SPIF in SPSR
will become set. The user will then have to set MSTR to re-enable SPI Master mode.



Bit 3 – CPOL0: Clock0 Polarity
When this bit is written to one, SCK is high when idle. When CPOL is written to zero, SCK is low when
idle. Refer to Figure 19-3 and Figure 19-4 for an example. The CPOL functionality is summarized below:



Table 19-3. CPOL0 Functionality



CPOL0 Leading Edge Trailing Edge



0 Rising Falling



1 Falling Rising



Bit 2 – CPHA0: Clock0 Phase
The settings of the Clock Phase bit (CPHA) determine if data is sampled on the leading (first) or trailing
(last) edge of SCK. Refer to Figure 19-3 and Figure 19-4 for an example. The CPHA functionality is
summarized below:
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Table 19-4. CPHA0 Functionality



CPHA0 Leading Edge Trailing Edge



0 Sample Setup



1 Setup Sample



Bits 1:0 – SPR0n: SPI0 Clock Rate Select n [n = 1:0]
These two bits control the SCK rate of the device configured as a Master. SPR1 and SPR0 have no effect
on the Slave. The relationship between SCK and the Oscillator Clock frequency fosc is shown in the table
below.



Table 19-5. Relationship between SCK and Oscillator Frequency



SPI2X SPR01 SPR00 SCK Frequency



0 0 0 fosc/4



0 0 1 fosc/16



0 1 0 fosc/64



0 1 1 fosc/128



1 0 0 fosc/2



1 0 1 fosc/8



1 1 0 fosc/32



1 1 1 fosc/64
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19.5.3. SPI Status Register 0
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  SPSR0
Offset:  0x4D
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x2D



Bit 7 6 5 4 3 2 1 0  
 SPIF0 WCOL0      SPI2X0  



Access R R R/W  
Reset 0 0 0  



Bit 7 – SPIF0: SPI Interrupt Flag
When a serial transfer is complete, the SPIF Flag is set. An interrupt is generated if SPIE in SPCR is set
and global interrupts are enabled. If SS is an input and is driven low when the SPI is in Master mode, this
will also set the SPIF Flag. SPIF is cleared by hardware when executing the corresponding interrupt
handling vector. Alternatively, the SPIF bit is cleared by first reading the SPI Status Register with SPIF
set, then accessing the SPI Data Register (SPDR).



Bit 6 – WCOL0: Write Collision Flag
The WCOL bit is set if the SPI Data Register (SPDR) is written during a data transfer. The WCOL bit (and
the SPIF bit) are cleared by first reading the SPI Status Register with WCOL set, and then accessing the
SPI Data Register.



Bit 0 – SPI2X0: Double SPI Speed Bit
When this bit is written logic one the SPI speed (SCK Frequency) will be doubled when the SPI is in
Master mode (refer to Table 19-5). This means that the minimum SCK period will be two CPU clock
periods. When the SPI is configured as Slave, the SPI is only guaranteed to work at fosc/4 or lower.



The SPI interface is also used for program memory and EEPROM downloading or uploading. See Serial
Downloading for serial programming and verification.
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19.5.4. SPI Data Register 0
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  SPDR0
Offset:  0x4E
Reset:  0xXX
Property:
 



When addressing as I/O Register: address offset is 0x2E



Bit 7 6 5 4 3 2 1 0  
 SPID[7:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset x x x x x x x x  



Bits 7:0 – SPID[7:0]: SPI Data
The SPI Data Register is a read/write register used for data transfer between the Register File and the
SPI Shift Register. Writing to the register initiates data transmission. Reading the register causes the Shift
Register Receive buffer to be read.



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



223











20. CAN – Controller Area Network



20.1. Features
• Full CAN controller
• Fully compliant with CAN standard rev 2.0 A and rev 2.0 B
• Six MOb (Message Object) with their own:



– 11 bits of Identifier Tag (rev 2.0 A), 29 bits of Identifier Tag (rev 2.0 B)
– 11 bits of Identifier Mask (rev 2.0 A), 29 bits of Identifier Mask (rev 2.0 B)
– Eight bytes data buffer (static allocation)
– Tx, Rx, frame buffer or automatic reply configuration
– Time stamping



• 1Mbit/s maximum transfer rate at 8MHz
• TTC timer
• Listening mode (for spying or autobaud)



20.2. Overview
The Controller Area Network (CAN) protocol is a real-time, serial, broadcast protocol with a very high
level of security. The Atmel ATmega16M1/32M1/64M1 CAN controller is fully compatible with the CAN
Specification 2.0 Part A and Part B. It delivers the features required to implement the kernel of the CAN
bus protocol according to the ISO/OSI Reference Model:



• The data link layer
– the Logical Link Control (LLC) sublayer
– the Medium Access Control (MAC) sublayer



• The physical layer
– the Physical Signalling (PLS) sublayer
– not supported - the Physical Medium Attach (PMA)
– not supported - the Medium Dependent Interface (MDI)



The CAN controller is able to handle all types of frames (data, remote, error and overload) and achieves a
bitrate of 1Mbit/s.



20.3. CAN protocol
The CAN protocol is an international standard defined in the ISO 11898 for high speed and ISO 11519-2
for low speed.



20.3.1. Principles
CAN is based on a broadcast communication mechanism. This broadcast communication is achieved by
using a message oriented transmission protocol. These messages are identified by using a message
identifier. Such a message identifier has to be unique within the whole network and it defines not only the
content but also the priority of the message.



The priority at which a message is transmitted compared to another less urgent message is specified by
the identifier of each message. The priorities are laid down during system design in the form of
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corresponding binary values and cannot be changed dynamically. The identifier with the lowest binary
number has the highest priority.



Bus access conflicts are resolved by bit-wise arbitration on the identifiers involved by each node
observing the bus level bit for bit. This happens in accordance with the “wired and” mechanism, by which
the dominant state overwrites the recessive state. The competition for bus allocation is lost by all nodes
with recessive transmission and dominant observation. All the "losers" automatically become receivers of
the message with the highest priority and do not re-attempt transmission until the bus is available again.



20.3.2. Message formats
The CAN protocol supports two message frame formats, the only essential difference being in the length
of the identifier. The CAN standard frame, also known as CAN 2.0 A, supports a length of 11 bits for the
identifier, and the CAN extended frame, also known as CAN 2.0 B, supports a length of 29 bits for the
identifier.



20.3.2.1. CAN standard frame
Figure 20-1. CAN standard frames
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A message in the CAN standard frame format begins with the "Start Of Frame (SOF)", this is followed by
the "Arbitration field" which consist of the identifier and the "Remote Transmission Request (RTR)" bit
used to distinguish between the data frame and the data request frame called remote frame. The
following "Control field" contains the "IDentifier Extension (IDE)" bit and the "Data Length Code (DLC)"
used to indicate the number of following data bytes in the "Data field". In a remote frame, the DLC
contains the number of requested data bytes. The "Data field" that follows can hold up to 8 data bytes.
The frame integrity is guaranteed by the following "Cyclic Redundant Check (CRC)" sum. The
"ACKnowledge (ACK) field" compromises the ACK slot and the ACK delimiter. The bit in the ACK slot is
sent as a recessive bit and is overwritten as a dominant bit by the receivers which have at this time
received the data correctly. Correct messages are acknowledged by the receivers regardless of the result
of the acceptance test. The end of the message is indicated by "End Of Frame (EOF)". The "Intermission
Frame Space (IFS)" is the minimum number of bits separating consecutive messages. If there is no
following bus access by any node, the bus remains idle.
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20.3.2.2. CAN extended frame
Figure 20-2. CAN extended frames
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A message in the CAN extended frame format is likely the same as a message in CAN standard frame
format. The difference is the length of the identifier used. The identifier is made up of the existing 11-bit
identifier (base identifier) and an 18-bit extension (identifier extension). The distinction between CAN
standard frame format and CAN extended frame format is made by using the IDE bit which is transmitted
as dominant in case of a frame in CAN standard frame format, and transmitted as recessive in the other
case.



20.3.2.3. Format co-existence
As the two formats have to co-exist on one bus, it is laid down which message has higher priority on the
bus in the case of bus access collision with different formats and the same identifier / base identifier: The
message in CAN standard frame format always has priority over the message in extended format.



There are three different types of CAN modules available:



• 2.0A - Considers 29 bit ID as an error
• 2.0B Passive - Ignores 29 bit ID messages
• 2.0B Active - Handles both 11 and 29 bit ID Messages



20.3.3. CAN bit timing
To ensure correct sampling up to the last bit, a CAN node needs to re-synchronize throughout the entire
frame. This is done at the beginning of each message with the falling edge SOF and on each recessive to
dominant edge.



20.3.3.1. Bit construction
One CAN bit time is specified as four non-overlapping time segments. Each segment is constructed from
an integer multiple of the Time Quantum. The Time Quantum or TQ is the smallest discrete timing
resolution used by a CAN node.
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Figure 20-3. CAN bit construction
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20.3.3.2. Synchronization segment
The first segment is used to synchronize the various bus nodes.



On transmission, at the start of this segment, the current bit level is output. If there is a bit state change
between the previous bit and the current bit, then the bus state change is expected to occur within this
segment by the receiving nodes.



20.3.3.3. Propagation time segment
This segment is used to compensate for signal delays across the network.



This is necessary to compensate for signal propagation delays on the bus line and through the
transceivers of the bus nodes.



20.3.3.4. Phase Segment 1
Phase Segment 1 is used to compensate for edge phase errors.



This segment may be lengthened during re-synchronization.



20.3.3.5. Sample point
The sample point is the point of time at which the bus level is read and interpreted as the value of the
respective bit. Its location is at the end of Phase Segment 1 (between the two Phase Segments).



20.3.3.6. Phase Segment 2
This segment is also used to compensate for edge phase errors.



This segment may be shortened during re-synchronization, but the length has to be at least as long as
the Information Processing Time (IPT) and may not be more than the length of Phase Segment 1.



20.3.3.7. Information processing time
It is the time required for the logic to determine the bit level of a sampled bit.



The IPT begins at the sample point, is measured in TQ and is fixed at 2TQ for the Atmel CAN. Since
Phase Segment 2 also begins at the sample point and is the last segment in the bit time, PS2 minimum
shall not be less than the IPT.



20.3.3.8. Bit lengthening
As a result of resynchronization, Phase Segment 1 may be lengthened or Phase Segment 2 may be
shortened to compensate for oscillator tolerances. If, for example, the transmitter oscillator is slower than
the receiver oscillator, the next falling edge used for resynchronization may be delayed. So Phase
Segment 1 is lengthened in order to adjust the sample point and the end of the bit time.
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20.3.3.9. Bit shortening
If, on the other hand, the transmitter oscillator is faster than the receiver one, the next falling edge used
for resynchronization may be too early. So Phase Segment 2 in bit N is shortened in order to adjust the
sample point for bit N+1 and the end of the bit time.



20.3.3.10. Synchronization jump width
The limit to the amount of lengthening or shortening of the Phase Segments is set by the
Resynchronization Jump Width.



This segment may not be longer than Phase Segment 2.



20.3.3.11. Programming the sample point
Programming of the sample point allows "tuning" of the characteristics to suit the bus.



Early sampling allows more Time Quanta in the Phase Segment 2 so the Synchronization Jump Width
can be programmed to its maximum. This maximum capacity to shorten or lengthen the bit time
decreases the sensitivity to node oscillator tolerances, so that lower cost oscillators such as ceramic
resonators may be used.



Late sampling allows more Time Quanta in the Propagation Time Segment which allows a poorer bus
topology and maximum bus length.



20.3.3.12. Synchronization
Hard synchronization occurs on the recessive-to-dominant transition of the start bit. The bit time is
restarted from that edge.



Re-synchronization occurs when a recessive-to-dominant edge doesn't occur within the Synchronization
Segment in a message.



20.3.4. Arbitration
The CAN protocol handles bus accesses according to the concept called “Carrier Sense Multiple Access
with Arbitration on Message Priority”.



During transmission, arbitration on the CAN bus can be lost to a competing device with a higher priority
CAN Identifier. This arbitration concept avoids collisions of messages whose transmission was started by
more than one node simultaneously and makes sure the most important message is sent first without
time loss.



The bus access conflict is resolved during the arbitration field mostly over the identifier value. If a data
frame and a remote frame with the same identifier are initiated at the same time, the data frame prevails
over the remote frame (c.f. RTR bit).



Figure 20-4. Bus arbitration.
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20.3.5. Errors
The CAN protocol signals any errors immediately as they occur. Three error detection mechanisms are
implemented at the message level and two at the bit level:



20.3.5.1. Error at message level
• Cyclic Redundancy Check (CRC)



The CRC safeguards the information in the frame by adding redundant check bits at the
transmission end. At the receiver these bits are re-computed and tested against the received bits. If
they do not agree there has been a CRC error.



• Frame Check
This mechanism verifies the structure of the transmitted frame by checking the bit fields against the
fixed format and the frame size. Errors detected by frame checks are designated "format errors".



• ACK Errors
As already mentioned frames received are acknowledged by all receivers through positive
acknowledgement. If no acknowledgement is received by the transmitter of the message an ACK
error is indicated.



20.3.5.2. Error at bit level
• Monitoring



The ability of the transmitter to detect errors is based on the monitoring of bus signals. Each node
which transmits also observes the bus level and thus detects differences between the bit sent and
the bit received. This permits reliable detection of global errors and errors local to the transmitter.



• Bit Stuffing
The coding of the individual bits is tested at bit level. The bit representation used by CAN is "Non
Return to Zero (NRZ)" coding, which guarantees maximum efficiency in bit coding. The
synchronization edges are generated by means of bit stuffing.



20.3.5.3. Error signalling
If one or more errors are discovered by at least one node using the above mechanisms, the current
transmission is aborted by sending an "error flag". This prevents other nodes accepting the message and
thus ensures the consistency of data throughout the network. After transmission of an erroneous
message that has been aborted, the sender automatically re-attempts transmission.



20.4. CAN controller
The CAN controller implemented into Atmel ATmega16M1/32M1/64M1 offers V2.0B Active.



This full-CAN controller provides the whole hardware for convenient acceptance filtering and message
management. For each message to be transmitted or received this module contains one so called
message object in which all information regarding the message (for example identifier, data bytes etc.)
are stored.



During the initialization of the peripheral, the application defines which messages are to be sent and
which are to be received. Only if the CAN controller receives a message whose identifier matches with
one of the identifiers of the programmed (receive-) message objects the message is stored and the
application is informed by interrupt. Another advantage is that incoming remote frames can be answered
automatically by the full-CAN controller with the corresponding data frame. In this way, the CPU load is
strongly reduced compared to a basic-CAN solution.



Using full-CAN controller, high baud rates and high bus loads with many messages can be handled.
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Figure 20-5. CAN controller structure
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20.5. CAN channel



20.5.1. Configuration
The CAN channel can be in:



• Enabled mode



In this mode:



• the CAN channel (internal TxCAN & RxCAN) is enabled
• the input clock is enabled



• Standby mode



In standby mode:



• the transmitter constantly provides a recessive level (on internal TxCAN) and the receiver is
disabled



• input clock is enabled
• the registers and pages remain accessible
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• Listening mode



This mode is transparent for the CAN channel:



• enables a hardware loop back, internal TxCAN on internal RxCAN
• provides a recessive level on TXCAN output pin
• does not disable RXCAN input pin
• freezes TEC and REC error counters



Figure 20-6. Listening mode.
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20.5.2. Bit timing
FSM’s (Finite State Machine) of the CAN channel need to be synchronous to the time quantum. So, the
input clock for bit timing is the clock used into CAN channel FSM’s.



Field and segment abbreviations:



• BRP: Baud Rate Prescaler
• TQ: Time Quantum (output of Baud Rate Prescaler)
• SYNS: SYNchronization Segment is 1 TQ long
• PRS: PRopagation time Segment is programmable to be 1, 2, ..., 8 TQ long
• PHS1: PHase Segment 1 is programmable to be 1, 2, ..., 8 TQ long
• PHS2: PHase Segment 2 is programmable to be ≤ PHS1 and ≥ INFORMATION PROCESSING



TIME
• INFORMATION PROCESSING TIME is 2 TQ
• SJW: (Re) Synchronization Jump Width is programmable between 1 and min (4, PHS1)



The total number of TQ in a bit time has to be programmed at least from 8 to 25.



Figure 20-7. Sample and transmission point
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Figure 20-8. General Structure of a bit period
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5. Synchronization segment: SYNS
Tsyns = 1 x Tscl (fixed)



Notes: 1. Phase error < 0
2. Phase error > 0
3. Phase error > 0
4. Phase error < 0



or or



20.5.3. Baud rate
With no baud rate prescaler (BRP[5..0]=0) the sampling point comes one time quantum too early. This
leads to a fail according the ISO16845 Test plan. It is necessary to lengthen the Phase Segment 1 by one
time quantum and to shorten the Phase Segment 2 by one time quantum to compensate. The baud rate
selection is made by Tbit calculation:



Tbit (1) = Tsyns + Tprs + Tphs1 + Tphs2



1. Tsyns = 1 × Tscl = (BRP[5..0] + 1)/clkIO (= 1TQ)
2. Tprs = (1 to 8) × Tscl = (PRS[2..0] + 1) × Tscl
3. Tphs1 = (1 to 8) × Tscl = (PHS1[2..0] + 1) × Tscl
4. Tphs2 = (1 to 8) × Tscl = (PHS2[2..0] (2)+ 1) × Tscl
5. Tsjw = (1 to 4) × Tscl = (SJW[1..0] + 1) × Tscl



Notes: 1. The total number of Tscl (Time Quanta) in a bit time must be from 8 to 25.



2. PHS2[2..0] 2 is programmable to be ≤ PHS1[2..0] and ≥1.



20.5.4. Fault confinement
See Error management.



20.5.5. Overload frame
An overload frame is sent by setting an overload request (OVRQ). After the next reception, the CAN
channel sends an overload frame in accordance with the CAN specification. A status or flag is set (OVRF)
as long as the overload frame is sent.
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Figure 20-9. Overload frame.
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20.6. Message objects
The MOb is a CAN frame descriptor. It contains all information to handle a CAN frame. This means that a
MOb has been outlined to allow to describe a CAN message like an object. The set of MObs is the front
end part of the “mailbox” where the messages to send and/or to receive are pre-defined as well as
possible to decrease the work load of the software.



The MObs are independent but priority is given to the lower one in case of multi matching. The operating
modes are:



• Disabled mode
• Transmit mode
• Receive mode
• Automatic reply
• Frame buffer receive mode



20.6.1. Number of MObs
This device has six MObs, they are numbered from 0 up to 5 (i = 5).



20.6.2. Operating modes
There is no default mode after RESET.
Every MOb has its own fields to control the operating mode. Before enabling the CAN peripheral, each
MOb must be configured (ex: disabled mode - CONMOB=00).



Table 20-1. MOb configuration.



MOb configuration Reply valid RTR tag Operating mode



0 0 x x Disabled



0 1 x 0 Tx data frame



x 1 Tx remote frame



1 0 x 0 Rx data frame



0 1 Rx remote frame



1 Rx remote frame then, Tx data frame (reply)



1 1 x x Frame Buffer Receive mode



20.6.2.1. Disabled
In this mode, the MOb is “free”.
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20.6.2.2. Tx data and remote frame
1. Several fields must be initialized before sending:



– Identifier tag (IDT)
– Identifier extension (IDE)
– Remote transmission request (RTRTAG)
– Data length code (DLC)
– Reserved bit(s) tag (RBnTAG)
– Data bytes of message (MSG)



2. The MOb is ready to send a data or a remote frame when the MOb configuration is set (CONMOB).
3. Then, the CAN channel scans all the MObs in Tx configuration, finds the MOb having the highest



priority and tries to send it.
4. When the transmission is completed the TXOK flag is set (interrupt).
5. All the parameters and data are available in the MOb until a new initialization.



20.6.2.3. Rx data and remote frame
1. Several fields must be initialized before receiving:



– Identifier tag (IDT)
– Identifier mask (IDMSK)
– Identifier extension (IDE)
– Identifier extension mask (IDEMSK)
– Remote transmission request (RTRTAG)
– Remote transmission request mask (RTRMSK)
– Data length code (DLC)
– Reserved bit(s) tag (RBnTAG)



2. The MOb is ready to receive a data or a remote frame when the MOb configuration is set
(CONMOB).



3. When a frame identifier is received on CAN network, the CAN channel scans all the MObs in
receive mode, tries to find the MOb having the highest priority which is matching.



4. On a hit, the IDT, the IDE and the DLC of the matched MOb are updated from the incoming (frame)
values.



5. Once the reception is completed, the data bytes of the received message are stored (not for remote
frame) in the data buffer of the matched MOb and the RXOK flag is set (interrupt).



6. All the parameters and data are available in the MOb until a new initialization.



20.6.2.4. Automatic reply
A reply (data frame) to a remote frame can be automatically sent after reception of the expected remote
frame.



1. Several fields must be initialized before receiving the remote frame:
– Reply valid (RPLV) in a identical flow to the one described inSection 19.6.2.3 “Rx data and



remote frame” on page 167.
2. When a remote frame matches, automatically the RTRTAG and the reply valid bit (RPLV) are reset.



No flag (or interrupt) is set at this time. Since the CAN data buffer has not been used by the
incoming remote frame, the MOb is then ready to be in transmit mode without any more setting.
The IDT, the IDE, the other tags and the DLC of the received remote frame are used for the reply.



3. When the transmission of the reply is completed the TXOK flag is set (interrupt).
4. All the parameters and data are available in the MOb until a new initialization.
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20.6.2.5. Frame buffer receive mode
This mode is useful to receive multi frames. The priority between MObs offers a management for these
incoming frames. One set MObs (including non-consecutive MObs) is created when the MObs are set in
this mode. Due to the mode setting, only one set is possible. A frame buffer completed flag (or interrupt) -
BXOK - will rise only when all the MObs of the set will have received their dedicated CAN frame.



1. MObs in frame buffer receive mode need to be initialized as MObs in standard receive mode.
2. The MObs are ready to receive data (or a remote) frames when their respective configurations are



set (CONMOB).
3. When a frame identifier is received on CAN network, the CAN channel scans all the MObs in



receive mode, tries to find the MOb having the highest priority which is matching.
4. On a hit, the IDT, the IDE and the DLC of the matched MOb are updated from the incoming (frame)



values.
5. Once the reception is completed, the data bytes of the received message are stored (not for remote



frame) in the data buffer of the matched MOb and the RXOK flag is set (interrupt).
6. When the reception in the last MOb of the set is completed, the frame buffer completed BXOK flag



is set (interrupt). BXOK flag can be cleared only if all CONMOB fields of the set have been re-
written before.



7. All the parameters and data are available in the MObs until a new initialization.



20.6.3. Acceptance filter
Upon a reception hit (that is, a good comparison between the ID + RTR + RBn + IDE received and an IDT
+ RTRTAG + RBnTAG + IDE specified while taking the comparison mask into account) the IDT +
RTRTAG + RBnTAG + IDE received are updated in the MOb (written over the registers).



Figure 20-10. Acceptance filter block diagram.
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Examples:



Full filtering: to accept only ID = 0x317 in part A.



• ID MSK = 111 1111 1111 b
• ID TAG = 011 0001 0111 b



Partial filtering: to accept ID from 0x310 up to 0x317 in part A.



• ID MSK = 111 1111 1000 b
• ID TAG = 011 0001 0xxx b
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No filtering: to accept all ID’s from 0x000 up to 0x7FF in part A.



• ID MSK = 000 0000 0000 b
• ID TAG = xxx xxxx xxxx b



20.6.4. MOb page
Every MOb is mapped into a page to save place. The page number is the MOb number. This page
number is set in CANPAGE register. The other numbers are reserved for factory tests.



CANHPMOB register gives the MOb having the highest priority in CANSIT registers. It is formatted to
provide a direct entry for CANPAGE register. Because CANHPMOB codes CANSIT registers, it will be
only updated if the corresponding enable bits (ENRX, ENTX, ENERR) are enabled. See Figure 20-14



20.6.5. CAN data buffers
To preserve register allocation, the CAN data buffer is seen such as a FIFO (with address pointer
accessible) into a MOb selection.This also allows to reduce the risks of un-controlled accesses.



There is one FIFO per MOb. This FIFO is accessed into a MOb page thanks to the CAN message
register.



The data index (INDX) is the address pointer to the required data byte. The data byte can be read or
write. The data index is automatically incremented after every access if the AINC* bit is reset. A roll-over
is implemented, after data index=7 it is data index=0.



The first byte of a CAN frame is stored at the data index=0, the second one at the data index=1, ...



20.7. CAN timer
A programmable 16-bit timer is used for message stamping and time trigger communication (TTC).



Figure 20-11. CAN timer block diagram.



clk IO



clk CANTIM



CANTIM



CANTTCCANSTM[i]



CANTCON



TTC SYNCTTC



"EOF "



"SOF "



OVRTIM



TXOK[i]



RXOK[i]



overrun



ENFG8



20.7.1. Prescaler
An 8-bit prescaler is initialized by CANTCON register. It receives the clkIO frequency divided by 8. It
provides clkCANTIM frequency to the CAN Timer if the CAN controller is enabled.



TclkCANTIM = TclkIO x 8 x (CANTCON [7:0] + 1)
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20.7.2. 16-bit timer
This timer starts counting from 0x0000 when the CAN controller is enabled (ENFG bit). When the timer
rolls over from 0xFFFF to 0x0000, an interrupt is generated (OVRTIM).



20.7.3. Time triggering
Two synchronization modes are implemented for TTC (TTC bit):



• synchronization on Start of Frame (SYNCTTC=0)
• synchronization on End of Frame (SYNCTTC=1)



In TTC mode, a frame is sent once, even if an error occurs.



20.7.4. Stamping message
The capture of the timer value is done in the MOb which receives or sends the frame. All managed MOb
are stamped, the stamping of a received (sent) frame occurs on RxOk (TXOK).



20.8. Error management



20.8.1. Fault confinement
The CAN channel may be in one of the three following states:



• Error active (default):
The CAN channel takes part in bus communication and can send an active error frame when the
CAN macro detects an error



• Error passive:
The CAN channel cannot send an active error frame. It takes part in bus communication, but when
an error is detected, a passive error frame is sent. Also, after a transmission, an error passive unit
will wait before initiating further transmission



• Bus off:
The CAN channel is not allowed to have any influence on the bus



For fault confinement, a transmit error counter (TEC) and a receive error counter (REC) are implemented.
BOFF and ERRP bits give the information of the state of the CAN channel. Setting BOFF to one may
generate an interrupt.



Figure 20-12. Line Error mode.
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Note: More than one REC/TEC change may apply during a given message transfer.
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20.8.2. Error types
• BERR: Bit error. The bit value which is monitored is different from the bit value sent



Note: Exceptions:
- Recessive bit sent monitored as dominant bit during the arbitration field and the acknowledge slot
- Detecting a dominant bit during the sending of an error frame



• SERR: Stuff error. Detection of more than five consecutive bit with the same polarity
• CERR: CRC error (Rx only). The receiver performs a CRC check on every destuffed received



message from the start of frame up to the data field. If this checking does not match with the
destuffed CRC field, an CRC error is set



• FERR: Form error. The form error results from one (or more) violations of the fixed form of the
following bit fields:



– CRC delimiter
– acknowledgment delimiter
– end-of-frame
– error delimiter
– overload delimiter



• AERR: Acknowledgment error (Tx only). No detection of the dominant bit in the acknowledge slot



Figure 20-13. Error detection procedures in a data frame.



Identifier Message DataRTR



ACK error



Form error



Stuff error



Bit error



CRC error



Form error



Stuff error



Bit error



ACK EOFSOF CRC
del.



ACK
del. inter.Control CRC



Tx



Rx



Arbitration



20.8.3. Error setting
The CAN channel can detect some errors on the CAN network.



• In transmission:
The error is set at MOb level



• In reception:
- The identified has matched:
The error is set at MOb level
- The identified has not or not yet matched:
The error is set at general level



After detecting an error, the CAN channel sends an error frame on network. If the CAN channel detects
an error frame on network, it sends its own error frame.



20.9. Interrupts



20.9.1. Interrupt organization
The different interrupts are:



• Interrupt on receive completed OK
• Interrupt on transmit completed OK
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• Interrupt on error (bit error, stuff error, CRC error, form error, acknowledge error)
• Interrupt on frame buffer full
• Interrupt on “Bus Off” setting
• Interrupt on overrun of CAN timer



The general interrupt enable is provided by ENIT bit and the specific interrupt enable for CAN timer
overrun is provided by ENORVT bit.



Figure 20-14. CAN controller interrupt structure
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20.9.2. Interrupt behavior
When an interrupt occurs, an interrupt flag bit is set in the corresponding MOb-CANSTMOB register or in
the general CANGIT register. If in the CANIE register, ENRX / ENTX / ENERR bit are set, then the
corresponding MOb bit is set in the CANSITn register.



To acknowledge a MOb interrupt, the corresponding bits of CANSTMOB register (RXOK, TXOK,...) must
be cleared by the software application. This operation needs a read-modify-write software routine.



To acknowledge a general interrupt, the corresponding bits of CANGIT register (BXOK, BOFFIT,...) must
be cleared by the software application. This operation is made writing a logical one in these interrupt flags
(writing a logical zero doesn’t change the interrupt flag value).



OVRTIM interrupt flag is reset as the other interrupt sources of CANGIT register and is also reset entering
in its dedicated interrupt handler.



When the CAN node is in transmission and detects a Form Error in its frame, a bit Error will also be
raised. Consequently, two consecutive interrupts can occur, both due to the same error.



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



239











When a MOb error occurs and is set in its own CANSTMOB register, no general error is set in CANGIT
register.



20.10. Examples of CAN baud rate setting
The CAN bus requires very accurate timing especially for high baud rates. It is recommended to use only
an external crystal for CAN operations.



(Refer to “Bit timing” on page 164 and “Baud rate” on page 165 for timing description and page 179 to
page 180 for “CAN Bit Timing Registers”).



Table 20-2. Examples of CAN baud rate settings for commonly frequencies.



fCLKIO
[MHz]



CAN
rate
[Kbps]



Description Segments Registers
Sampling
point



TQ
[s]



Tbit
[TQ]



Tprs
[TQ]



Tph1
[TQ]



Tph2
[TQ]



Tsjw
[TQ]



CANBT1 CANBT2 CANBT3



16.000 1000 69% (1) 0.0625 16 7 4 4 1 0x00 0x0C 0x36 (2)



75% 0.125 8 3 2 2 1 0x02 0x04 0x13
500 75% 0.125 16 7 4 4 1 0x02 0x0C 0x37



0.250 8 3 2 2 1 0x06 0x04 0x13
250 75% 0.250 16 7 4 4 1 0x06 0x0C 0x37



0.500 8 3 2 2 1 0x0E 0x04 0x13
200 75% 0.3125 16 7 4 4 1 0x08 0x0C 0x37



0.625 8 3 2 2 1 0x12 0x04 0x13
125 75% 0.500 16 7 4 4 1 0x0E 0x0C 0x37



1.000 8 3 2 2 1 0x1E 0x04 0x13
100 75% 0.625 16 7 4 4 1 0x12 0x0C 0x37



1.250 8 3 2 2 1 0x26 0x04 0x13
12.000 1000 67% (1) 0.083333 12 5 3 3 1 0x00 0x08 0x24 (2)



x - - - n o d a t a - - -
500 75% 0.166666 12 5 3 3 1 0x02 0x08 0x25



0.250 8 3 2 2 1 0x04 0x04 0x13
250 75% 0.250 16 7 4 4 1 0x04 0x0C 0x37



0.500 8 3 2 2 1 0x0A 0x04 0x13
200 75% 0.250 20 8 6 5 1 0x04 0x0E 0x4B



0.416666 12 5 3 3 1 0x08 0x08 0x25
125 75% 0.500 16 7 4 4 1 0x0A 0x0C 0x37



1.000 8 3 2 2 1 0x16 0x04 0x13
100 75% 0.500 20 8 6 5 1 0x0A 0x0E 0x4B



0.833333 12 5 3 3 1 0x12 0x08 0x25
8.000 1000 63% (1) x - - - n o d a t a - - -



0.125 8 3 2 2 1 0x00 0x04 0x12 (2)



500 69% (1) 0.125 16 7 4 4 1 0x00 0x0C 0x36 (2)



75% 0.250 8 3 2 2 1 0x02 0x04 0x13
250 75% 0.250 16 7 4 4 1 0x02 0x0C 0x37



0.500 8 3 2 2 1 0x06 0x04 0x13
200 75% 0.250 20 8 6 5 1 0x02 0x0E 0x4B



0.625 8 3 2 2 1 0x08 0x04 0x13
125 75% 0.500 16 7 4 4 1 0x06 0x0C 0x37



1.000 8 3 2 2 1 0x0E 0x04 0x13
100 75% 0.625 16 7 4 4 1 0x08 0x0C 0x37



1.250 8 3 2 2 1 0x12 0x04 0x13
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fCLKIO
[MHz]



CAN
rate
[Kbps]



Description Segments Registers
Sampling
point



TQ
[s]



Tbit
[TQ]



Tprs
[TQ]



Tph1
[TQ]



Tph2
[TQ]



Tsjw
[TQ]



CANBT1 CANBT2 CANBT3



6.000 1000 - - - n o t a p p l i c a b l e - - -
500 67% (1) 0.166666 12 5 3 3 1 0x00 0x08 0x24 (2)



x - - - n o d a t a - - -
250 75% 0.333333 12 5 3 3 1 0x02 0x08 0x25



0.500 8 3 2 2 1 0x04 0x04 0x13
200 80% 0.333333 15 7 4 3 1 0x02 0x0C 0x35



0.500 10 4 3 2 1 0x04 0x06 0x23
125 75% 0.500 16 7 4 4 1 0x04 0x0C 0x37



1.000 8 3 2 2 1 0x0A 0x04 0x13
100 75% 0.500 20 8 6 5 1 0x04 0x0E 0x4B



0.833333 12 5 3 3 1 0x08 0x08 0x25
4.000 1000 - - - n o t a p p l i c a b l e - - -



500 63% (1) x - - - n o d a t a - - -
0.250 8 3 2 2 1 0x00 0x04 0x12 (2)



250 69% (1) 0.250 16 7 4 4 1 0x00 0x0C 0x36 (2)



75% 0.500 8 3 2 2 1 0x02 0x04 0x13
200 70% (1) 0.250 20 8 6 5 1 0x00 0x0E 0x4A (2)



x - - - n o d a t a - - -
125 75% 0.500 16 7 4 4 1 0x02 0x0C 0x37



1.000 8 3 2 2 1 0x06 0x04 0x13
100 75% 0.500 20 8 6 5 1 0x02 0x0E 0x4B



1.250 8 3 2 2 1 0x08 0x04 0x13



Note: 1. See Section 19.5.3 “Baud rate” on page 165



2. See Section • “Bit 0 – SMP: Sample Point(s)” on page 181
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20.11. Register Description
Figure 20-15. Registers organization
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20.11.1. CAN General Control Register



Name:  CANGCON
Offset:  0xD8
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 ABRQ OVRQ TTC SYNTTC LISTEN TEST ENA/STB SWRES  



Access  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – ABRQ: Abort Request
This is not an auto resettable bit.



Value Description
0 No request
1 Abort request: a reset of CANEN1 and CANEN2 registers is done. The pending



communications are immediately disabled and the on-going one will be normally terminated,
setting the appropriate status flags.
Note:  The CANCDMOB register remains unchanged



Bit 6 – OVRQ: Overload Frame Request
This is not an auto resettable bit. The overload frame can be traced observing OVFG in CANGSTA
register



Value Description
0 No request
1 Overload frame request: send an overload frame after the next received frame



Bit 5 – TTC: Time Trigger Communication



Value Description
0 No TTC
1 TTC mode



Bit 4 – SYNTTC: Synchronization of TTC
This bit is only used in TTC mode.



Value Description
0 The TTC timer is caught on SOF
1 The TTC timer is caught on the last bit of the EOF



Bit 3 – LISTEN: Listening Mode



Value Description
0 No listening mode
1 Listening mode



Bit 2 – TEST: Test Mode
Note:  CAN may malfunction if this bit is set.
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Value Description
0 No test mode
1 Test mode: intend for factory testing and not for customer use



Bit 1 – ENA/STB: Enable / Standby Mode
Because this bit is a command and is not immediately effective, the ENFG bit in CANGSTA register gives
the true state of the chosen mode.



Value Description
0 Standby mode: The on-going transmission (if exists) is normally terminated and the CAN



channel is frozen (the CONMOB bits of every MOb do not change). The transmitter
constantly provides a recessive level. In this mode, the receiver is not enabled but all the
registers and mailbox remain accessible from CPU. In this mode, the receiver is not enabled
but all the registers and mailbox remain accessible from CPU



Note:  A standby mode applied during a reception may corrupt the on-going reception or set
the controller in a wrong state. The controller will restart correctly from this state if a software
reset (SWRES) is applied. If no reset is considered, a possible solution is to wait for a lake of
a receiver busy (RXBSY) before to enter in stand-by mode. The best solution is first to apply
an abort request command (ABRQ) and then wait for the lake of the receiver busy (RXBSY)
before to enter in stand-by mode. In any cases, this standby mode behavior has no effect on
the CAN bus integrity.



1 Enable mode: The CAN channel enters in enable mode once 11 recessive bits has been
read



Bit 0 – SWRES: Software Reset Request
This auto resettable bit only resets the CAN controller.



Value Description
0 No reset
1 Reset: this reset is “ORed” with the hardware reset
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20.11.2. CAN General Status Register



Name:  CANGSTA
Offset:  0xD9
Reset:  0x0
Property:
 



R



Bit 7 6 5 4 3 2 1 0  
  OVRG  TXBSY RXBSY ENFG BOFF ERRP  



Access  
Reset 0 0 0 0 0 0  



Bit 6 – OVRG: Overload Frame Flag
This flag does not generate an interrupt.



Value Description
0 No overload frame
1 Overload frame: set by hardware as long as the produced overload frame is sent



Bit 4 – TXBSY: Transmitter Busy
This flag does not generate an interrupt.



Value Description
0 Transmitter not busy
1 Transmitter busy: set by hardware as long as a frame (data, remote, overload or error frame)



or an ACK field is sent. Also set when an inter frame space is sent



Bit 3 – RXBSY: Receiver Busy
This flag does not generate an interrupt.



Value Description
0 Receiver not busy
1 Receiver busy: set by hardware as long as a frame is received or monitored



Bit 2 – ENFG: Enable Flag
This flag does not generate an interrupt.



Value Description
0 CAN controller disable: because an enable/standby command is not immediately effective,



this status gives the true state of the chosen mode
1 CAN controller enable



Bit 1 – BOFF: Bus Off Mode
BOFF gives the information of the state of the CAN channel. Only entering in bus off mode generates the
BOFFIT interrupt.



Value Description
0 No bus off mode
1 Bus off mode



Bit 0 – ERRP: Error Passive Mode
ERRP gives the information of the state of the CAN channel. This flag does not generate an interrupt.
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Value Description
0 No error passive mode
1 Error passive mode
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20.11.3. CAN General Interrupt Register



Name:  CANGIT
Offset:  0xDA
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 CANIT BOFFIT OVRTIM BXOK SERG CERG FERG AERG  



Access  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – CANIT: General Interrupt Flag
This is a read only bit.



Value Description
0 No interrupt
1 CAN interrupt: image of all the CAN controller interrupts except for OVRTIM interrupt. This



bit can be used for polling method



Bit 6 – BOFFIT: Bus Off Interrupt Flag
Writing a logical one resets this interrupt flag. BOFFIT flag is only set when the CAN enters in bus off
mode (coming from error passive mode).



Value Description
0 No interrupt
1 Bus off interrupt when the CAN enters in bus off mode



Bit 5 – OVRTIM: Overrun CAN Timer
Writing a logical one resets this interrupt flag. Entering in CAN timer overrun interrupt handler also reset
this interrupt flag



Value Description
0 No interrupt
1 CAN timer overrun interrupt: set when the CAN timer switches from 0xFFFF to 0



Bit 4 – BXOK: Frame Buffer Receive Interrupt
Writing a logical one resets this interrupt flag. BXOK flag can be cleared only if all CONMOB fields of the
MOb’s of the buffer have been re-written before.



Value Description
0 No interrupt
1 Burst receive interrupt: set when the frame buffer receive is completed



Bit 3 – SERG: Stuff Error General
Writing a logical one resets this interrupt flag.



Value Description
0 No interrupt
1 Stuff error interrupt: detection of more than 5 consecutive bits with the same polarity
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Bit 2 – CERG: CRC Error General
Writing a logical one resets this interrupt flag.



Value Description
0 No interrupt
1 CRC error interrupt: the CRC check on destuffed message does not fit with the CRC field



Bit 1 – FERG: Form Error General
Writing a logical one resets this interrupt flag.



Value Description
0 No interrupt
1 Form error interrupt: one or more violations of the fixed form in the CRC delimiter,



acknowledgment delimiter or EOF



Bit 0 – AERG: Acknowledgment Error General
Writing a logical one resets this interrupt flag.



Value Description
0 No interrupt
1 acknowledgment error interrupt: no detection of the dominant bit in acknowledge slot
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20.11.4. CAN General Interrupt Enable Register



Name:  CANGIE
Offset:  0xDB
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 ENIT ENBOFF ENRX ENTX ENERR ENBX ENERG ENOVRT  



Access  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – ENIT: Enable all Interrupts
Except for CAN Timer Overrun Interrupt



Value Description
0 Interrupt disabled
1 CANIT interrupt enabled



Bit 6 – ENBOFF: Enable Bus Off Interrupt



Value Description
0 Interrupt disabled
1 Bus off interrupt enabled



Bit 5 – ENRX: Enable Receive Interrupt



Value Description
0 Interrupt disabled
1 Receive interrupt enabled



Bit 4 – ENTX: Enable Transmit Interrupt



Value Description
0 Interrupt disabled
1 Transmit interrupt enabled



Bit 3 – ENERR: Enable MOb Errors Interrupt



Value Description
0 Interrupt disabled
1 MOb errors interrupt enabled



Bit 2 – ENBX: Enable Frame Buffer Interrupt



Value Description
0 Interrupt disabled
1 Frame buffer interrupt enabled



Bit 1 – ENERG: Enable General Errors Interrupt
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Value Description
0 Interrupt disabled
1 General errors interrupt enabled



Bit 0 – ENOVRT: Enable CAN Timer Overrun Interrupt



Value Description
0 Interrupt disabled
1 CAN timer interrupt overrun enabled
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20.11.5. CAN Enable MOb Registers



Name:  CANEN
Offset:  0xDC
Reset:  0x0
Property:
 



R



Bit 15 14 13 12 11 10 9 8  
          



Access  
Reset  



Bit 7 6 5 4 3 2 1 0  
   ENMOB5 ENMOB4 ENMOB3 ENMOB2 ENMOB1 ENMOB0  



Access  
Reset 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5 – ENMOBn: Enable MOb
This bit provides the availability of the MOb. It is set to one when the MOb is enabled (that is,
CONMOB1:0 of CANCDMOB register). Once TXOK or RXOK is set to one (TXOK for automatic reply),
the corresponding ENMOB is reset. ENMOB is also set to zero configuring the MOb in disabled mode,
applying abortion or standby mode.



Value Description
0 Message object disabled: MOb available for a new transmission or reception
1 Message object enabled: MOb in use
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20.11.6. CAN Enable Interrupt MOb Registers



Name:  CANIE
Offset:  0xDE
Reset:  0x0
Property:
 



R/W



Bit 15 14 13 12 11 10 9 8  
          



Access  
Reset  



Bit 7 6 5 4 3 2 1 0  
   IEMOB5 IEMOB4 IEMOB3 IEMOB2 IEMOB1 IEMOB0  



Access  
Reset 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5 – IEMOBn: Enable MOb
Example: CANIE2 = 0000 1100b : enable of interrupts on MOb 2 and 3



Value Description
0 Interrupt disabled
1 MOb interrupt enabled
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20.11.7. CAN Status Interrupt MOb Registers



Name:  CANSIT
Offset:  0xE0
Reset:  0x0
Property:
 



R



Bit 15 14 13 12 11 10 9 8  
          



Access  
Reset  



Bit 7 6 5 4 3 2 1 0  
   SIT5 SIT4 SIT3 SIT2 SIT1 SIT0  



Access  
Reset 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5 – SITn: Enable MOb
Example: CANSIT2 = 0010 0001b : MOb 0 and 5 interrupts



Value Description
0 No interrupt
1 MOb interrupt
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20.11.8. CAN Bit Timing Register 1



Name:  CANBT1
Offset:  0xE2
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
  BRP5 BRP4 BRP3 BRP2 BRP1 BRP0   



Access  
Reset 0 0 0 0 0 0  



Bits 1, 2, 3, 4, 5, 6 – BRPn: Baud Rate Prescaler
The period of the CAN controller system clock Tscl is programmable and determines the individual bit
timing.�SCL = BRP[5:0]+1clkIOfrequency
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20.11.9. CAN Bit Timing Register 2



Name:  CANBT2
Offset:  0xE3
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
  SJW1 SJW0  PRS2 PRS1 PRS0   



Access  
Reset 0 0 0 0 0  



Bits 5, 6 – SJWn: Re-Synchronization Jump Width
To compensate for phase shifts between clock oscillators of different bus controllers, the controller must
re-synchronize on any relevant signal edge of the current transmission. The synchronization jump width
defines the maximum number of clock cycles. A bit period may be shortened or lengthened by a re-
synchronization.�sjw = �scl × SJW[1:0]+1
Bits 1, 2, 3 – PRSn: Propagation Time Segment
This part of the bit time is used to compensate for the physical delay times within the network. It is twice
the sum of the signal propagation time on the bus line, the input comparator delay and the output driver
delay.�prs = �scl × PRS[2:0]+1
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20.11.10. CAN Bit Timing Register 3



Name:  CANBT3
Offset:  0xE4
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
  PHS22 PHS21 PHS20 PHS12 PHS11 PHS10 SMP  



Access  
Reset 0 0 0 0 0 0 0  



Bits 4, 5, 6 – PHS2n: Phase Segment 2
This phase is used to compensate for phase edge errors. This segment may be shortened by the re-
synchronization jump width. PHS2[2:0] shall be ≥1 and ≤PHS1[2..0]�phs2 = �scl × PHS2[2:0]+1
Bits 1, 2, 3 – PHS1n: Phase Segment 1
This phase is used to compensate for phase edge errors. This segment may be lengthened by the re-
synchronization jump width.�phs1 = �scl × PHS1[2:0]+1
Bit 0 – SMP: Sample Point(s)
This option allows to filter possible noise on TxCAN input pin.



‘SMP=1’ configuration is not compatible with ‘BRP[5:0]=0’ because TQ = TclkIO. If BRP = 0, SMP must be
cleared.



Value Description
0 The sampling will occur once at the user configured sampling point - SP
1 With three-point sampling configuration the first sampling will occur two TclkIO clocks before



the user configured sampling point - SP, again at one TclkIO clock before SP and finally at
SP. Then the bit level will be determined by a majority vote of the three samples
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20.11.11. CAN Timer Control Register



Name:  CANTCON
Offset:  0xE5
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 TPRSC7 TPRSC6 TPRSC5 TPRSC4 TPRSC3 TPRSC2 TPRSC1 TPRSC0  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7 – TPRSCn: CAN Timer Prescaler
Prescaler for the CAN timer upper counter range 0 to 255. It provides the clock to the CAN timer if the
CAN controller is enabled.���������� = ������ × 8 × �������[7:0]+1
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20.11.12. CAN Timer Registers



Name:  CANTIM
Offset:  0xE6
Reset:  0x0
Property:
 



R



Bit 15 14 13 12 11 10 9 8  
 CANTIM15 CANTIM14 CANTIM13 CANTIM12 CANTIM11 CANTIM10 CANTIM9 CANTIM8  



Access  
Reset 0 0 0 0 0 0 0 0  



Bit 7 6 5 4 3 2 1 0  
 CANTIM7 CANTIM6 CANTIM5 CANTIM4 CANTIM3 CANTIM2 CANTIM1 CANTIM0  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 – CANTIMn: CAN Timer Count
CAN timer counter range 0 to 65,535.
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20.11.13. CAN Timer Registers



Name:  CANTTC
Offset:  0xE8
Reset:  0x0
Property:
 



R



Bit 15 14 13 12 11 10 9 8  
 TIMTTC15 TIMTTC14 TIMTTC13 TIMTTC12 TIMTTC11 TIMTTC10 TIMTTC9 TIMTTC8  



Access  
Reset 0 0 0 0 0 0 0 0  



Bit 7 6 5 4 3 2 1 0  
 TIMTTC7 TIMTTC6 TIMTTC5 TIMTTC4 TIMTTC3 TIMTTC2 TIMTTC1 TIMTTC0  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 – TIMTTCn: TTC Timer Count
CAN TTC timer counter range 0 to 65,535.
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20.11.14. CAN Transmit Error Counter Register



Name:  CANTEC
Offset:  0xEA
Reset:  0x0
Property:
 



R



Bit 7 6 5 4 3 2 1 0  
 TEC7 TEC6 TEC5 TEC4 TEC3 TEC2 TEC1 TEC0  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7 – TECn: Transmit Error Count
CAN transmit error counter range 0 to 255.
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20.11.15. CAN Receive Error Counter Register



Name:  CANREC
Offset:  0xEB
Reset:  0x0
Property:
 



R



Bit 7 6 5 4 3 2 1 0  
 REC7 REC6 REC5 REC4 REC3 REC2 REC1 REC0  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7 – RECn: Receive Error Count
CAN receive error counter range 0 to 255.
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20.11.16. CAN Highest Priority MOb Register



Name:  CANHPMOB
Offset:  0xEC
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 HPMOB3 HPMOB2 HPMOB1 HPMOB0 CGP3 CGP2 CGP1 CGP0  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 4, 5, 6, 7 – HPMOBn: Highest Priority MOb Number
MOb having the highest priority in CANSIT registers.



If CANSIT = 0 (no MOb), the return value is 0xF.



Note:  Do not confuse “MOb priority” and “Message ID priority”



Bits 0, 1, 2, 3 – CGPn: CAN General Purpose Bits
These bits can be pre-programmed to match with the wanted configuration of the CANPAGE register (that
is, AINC and INDX2:0 setting).
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20.11.17. CAN Page MOb Register



Name:  CANPAGE
Offset:  0xED
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 MOBNB3 MOBNB2 MOBNB1 MOBNB0 AINC INDX2 INDX1 INDX0  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 4, 5, 6, 7 – MOBNBn: MOb Number
Selection of the MOb number, the available numbers are from 0 to 5.



Note:  MOBNB3 always must be written to zero for compatibility with all AVR CAN devices



Bit 3 – AINC: Auto Increment of the FIFO CAN Data Buffer Index (Active Low)



Value Description
0 Auto increment of the index (default value)
1 No auto increment of the index



Bits 0, 1, 2 – INDXn: FIFO CAN Data Buffer Index
Byte location of the CAN data byte into the FIFO for the defined MOb.
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20.11.18. CAN MOb Status Register



Name:  CANSTMOB
Offset:  0xEE
Reset: 
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 DLCW TXOK RXOK BERR SERR CERR FERR AERR  



Access  
Reset  



Bit 7 – DLCW: Data Length Code Warning
The incoming message does not have the DLC expected. Whatever the frame type, the DLC field of the
CANCDMOB register is updated by the received DLC.



Bit 6 – TXOK: Transmit OK
This flag can generate an interrupt. It must be cleared using a read-modify-write software routine on the
whole CANSTMOB register.



The communication enabled by transmission is completed. TxOK rises at the end of EOF field. When the
controller is ready to send a frame, if two or more message objects are enabled as producers, the lower
MOb index (0 to 14) is supplied first.



Bit 5 – RXOK: Receive OK
This flag can generate an interrupt. It must be cleared using a read-modify-write software routine on the
whole CANSTMOB register.



The communication enabled by reception is completed. RxOK rises at the end of the 6th bit of EOF field.
In case of two or more message object reception hits, the lower MOb index (0 to 14) is updated first.



Bit 4 – BERR: Bit Error (Only in Transmission)
This flag can generate an interrupt. It must be cleared using a read-modify-write software routine on the
whole CANSTMOB register.



The bit value monitored is different from the bit value sent.



Exceptions: the monitored recessive bit sent as a dominant bit during the arbitration field and the
acknowledge slot detecting a dominant bit during the sending of an error frame.



Bit 3 – SERR: Stuff Error
This flag can generate an interrupt. It must be cleared using a read-modify-write software routine on the
whole CANSTMOB register.



Detection of more than five consecutive bits with the same polarity. This flag can generate an interrupt.



Bit 2 – CERR: CRC Error
This flag can generate an interrupt. It must be cleared using a read-modify-write software routine on the
whole CANSTMOB register.



The receiver performs a CRC check on every de-stuffed received message from the start of frame up to
the data field. If this checking does not match with the de-stuffed CRC field, a CRC error is set.
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Bit 1 – FERR: Form Error
This flag can generate an interrupt. It must be cleared using a read-modify-write software routine on the
whole CANSTMOB register.



The form error results from one or more violations of the fixed form in the following bit fields:



• CRC delimiter
• Acknowledgment delimiter
• EOF



Bit 0 – AERR: Acknowledgment Error
This flag can generate an interrupt. It must be cleared using a read-modify-write software routine on the
whole CANSTMOB register.



No detection of the dominant bit in the acknowledge slot.
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20.11.19. CAN MOb Control and DLC Register



Name:  CANCDMOB
Offset:  0xEF
Reset: 
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 CONMOB1 CONMOB0 RPLV IDE DLC3 DLC2 DLC1 DLC0  



Access  
Reset  



Bits 6, 7 – CONMOBn: Configuration of Message Object
These bits set the communication to be performed (no initial value after RESET).



These bits are not cleared once the communication is performed. The user must re-write the configuration
to enable a new communication.



• This operation is necessary to be able to reset the BXOK flag
• This operation also set the corresponding bit in the CANEN registers



Value Description
00 Disable
01 Enable transmission
10 Enable reception
11 Enable frame buffer reception



Bit 5 – RPLV: Reply Valid
Used in the automatic reply mode after receiving a remote frame.



Value Description
0 Reply not ready
1 Reply ready and valid



Bit 4 – IDE: Identifier Extension
IDE bit of the remote or data frame to send. This bit is updated with the corresponding value of the
remote or data frame received.



Value Description
0 CAN standard rev 2.0 A (identifiers length = 11 bits)
1 CAN standard rev 2.0 B (identifiers length = 29 bits)



Bits 0, 1, 2, 3 – DLCn: Data Length Code
Number of Bytes in the data field of the message.



DLC field of the remote or data frame to send. The range of DLC is from 0 up to 8. If DLC field >8 then
effective DLC=8.



This field is updated with the corresponding value of the remote or data frame received. If the expected
DLC differs from the incoming DLC, a DLC warning appears in the CANSTMOB register.
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20.11.20. CAN Identifier Tag Registers
V2.0 part A



Name:  CANIDT
Offset:  0xF0
Reset: 
Property:
 



R/W



Bit 31 30 29 28 27 26 25 24  
 IDT10 IDT9 IDT8 IDT7 IDT6 IDT5 IDT4 IDT3  



Access  
Reset  



Bit 23 22 21 20 19 18 17 16  
 IDT2 IDT1 IDT0       



Access  
Reset  



Bit 15 14 13 12 11 10 9 8  
          



Access  
Reset  



Bit 7 6 5 4 3 2 1 0  
      RTRTAG  RB0TAG  



Access  
Reset  



Bits 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 – IDTn: Identifier Tag
Identifier field of the remote or data frame to send. This field is updated with the corresponding value of
the remote or data frame received.



Bit 2 – RTRTAG: Remote Transmission Request Tag
RTR bit of the remote or data frame to send. This tag is updated with the corresponding value of the
remote or data frame received. In case of Automatic Reply mode, this bit is automatically reset before
sending the response.



Bit 0 – RB0TAG: Reserved Bit 0 Tag
RB0 bit of the remote or data frame to send. This tag is updated with the corresponding value of the
remote or data frame received.
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20.11.21. CAN Identifier Tag Registers
V2.0 part B



Name:  CANIDT
Offset:  0xF0
Reset: 
Property:
 



R/W



Bit 31 30 29 28 27 26 25 24  
 IDT28 IDT27 IDT26 IDT25 IDT24 IDT23 IDT22 IDT21  



Access  
Reset  



Bit 23 22 21 20 19 18 17 16  
 IDT20 IDT19 IDT18 IDT17 IDT16 IDT15 IDT14 IDT13  



Access  
Reset  



Bit 15 14 13 12 11 10 9 8  
 IDT12 IDT11 IDT10 IDT9 IDT8 IDT7 IDT6 IDT5  



Access  
Reset  



Bit 7 6 5 4 3 2 1 0  
 IDT4 IDT3 IDT2 IDT1 IDT0 RTRTAG RB1TAG RB0TAG  



Access  
Reset  



Bits 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31
– IDTn: Identifier Tag
Identifier field of the remote or data frame to send. This field is updated with the corresponding value of
the remote or data frame received.



Bit 2 – RTRTAG: Remote Transmission Request Tag
RTR bit of the remote or data frame to send. This tag is updated with the corresponding value of the
remote or data frame received. In case of Automatic Reply mode, this bit is automatically reset before
sending the response.



Bit 1 – RB1TAG: Reserved Bit 1 Tag
RB1 bit of the remote or data frame to send. This tag is updated with the corresponding value of the
remote or data frame received.



Bit 0 – RB0TAG: Reserved Bit 0 Tag
RB0 bit of the remote or data frame to send. This tag is updated with the corresponding value of the
remote or data frame received.
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20.11.22. CAN Identifier Mask Registers
V2.0 part A



Name:  CANIDM
Offset:  0xF4
Reset: 
Property:
 



R/W



Bit 31 30 29 28 27 26 25 24  
 IDMSK10 IDMSK9 IDMSK8 IDMSK7 IDMSK6 IDMSK5 IDMSK4 IDMSK3  



Access  
Reset  



Bit 23 22 21 20 19 18 17 16  
 IDMSK2 IDMSK1 IDMSK0       



Access  
Reset  



Bit 15 14 13 12 11 10 9 8  
          



Access  
Reset  



Bit 7 6 5 4 3 2 1 0  
      RTRMSK  IDEMSK  



Access  
Reset  



Bits 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 – IDMSKn: Identifier Mask



Value Description
0 Comparison true forced
1 Bit comparison enabled



Bit 2 – RTRMSK: Remote Transmission Request Mask



Value Description
0 Comparison true forced
1 Bit comparison enabled



Bit 0 – IDEMSK: Identifier Extension Mask



Value Description
0 Comparison true forced
1 Bit comparison enabled
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20.11.23. CAN Identifier Mask Registers
V2.0 part B



Name:  CANIDM
Offset:  0xF4
Reset: 
Property:
 



R/W



Bit 31 30 29 28 27 26 25 24  
 IDMSK28 IDMSK27 IDMSK26 IDMSK25 IDMSK24 IDMSK23 IDMSK22 IDMSK21  



Access  
Reset  



Bit 23 22 21 20 19 18 17 16  
 IDMSK20 IDMSK19 IDMSK18 IDMSK17 IDMSK16 IDMSK15 IDMSK14 IDMSK13  



Access  
Reset  



Bit 15 14 13 12 11 10 9 8  
 IDMSK12 IDMSK11 IDMSK10 IDMSK9 IDMSK8 IDMSK7 IDMSK6 IDMSK5  



Access  
Reset  



Bit 7 6 5 4 3 2 1 0  
 IDMSK4 IDMSK3 IDMSK2 IDMSK1 IDMSK0 RTRMSK  IDEMSK  



Access  
Reset  



Bits 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31
– IDMSKn: Identifier Mask



Value Description
0 Comparison true forced
1 Bit comparison enabled



Bit 2 – RTRMSK: Remote Transmission Request Mask



Value Description
0 Comparison true forced
1 Bit comparison enabled



Bit 0 – IDEMSK: Identifier Extension Mask
RB0 bit of the remote or data frame to send. This tag is updated with the corresponding value of the
remote or data frame received.



Value Description
0 Comparison true forced
1 Bit comparison enabled
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20.11.24. CAN Time Stamp Registers



Name:  CANSTM
Offset:  0xF8
Reset: 
Property:
 



R



Bit 15 14 13 12 11 10 9 8  
 TIMSTM15 TIMSTM14 TIMSTM13 TIMSTM12 TIMSTM11 TIMSTM10 TIMSTM9 TIMSTM8  



Access  
Reset  



Bit 7 6 5 4 3 2 1 0  
 TIMSTM7 TIMSTM6 TIMSTM5 TIMSTM4 TIMSTM3 TIMSTM2 TIMSTM1 TIMSTM0  



Access  
Reset  



Bits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 – TIMSTMn: Time Stamp Count
CAN time stamp counter range 0 to 65,535.



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



271











20.11.25. CAN Data Message Register



Name:  CANMSG
Offset:  0xFA
Reset: 
Property:
 



R



Bit 7 6 5 4 3 2 1 0  
 MSG7 MSG6 MSG5 MSG4 MSG3 MSG2 MSG1 MSG0  



Access  
Reset  



Bits 0, 1, 2, 3, 4, 5, 6, 7 – MSGn: Message Data
This register contains the CAN data byte pointed at the page MOb register.



After writing in the page MOb register, this byte is equal to the specified message location of the pre-
defined identifier + index. If auto-incrementation is used, at the end of the data register writing or reading
cycle, the index is auto-incremented.



The range of the counting is 8 with no end of loop (0, 1,..., 7, 0,...).
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21. LIN / UART - Local Interconnect Network Controller or UART



21.1. Features



21.1.1. LIN
• Hardware implementation of LIN 2.1 (LIN 1.3 Compatibility)



• Small, CPU efficient and independent Master/Slave routines based on “LIN Work Flow Concept” of LIN
2.1 specification



• Automatic LIN header handling and filtering of irrelevant LIN frames



• Automatic LIN response handling



• Extended LIN error detection and signalling



• Hardware frame time-out detection



• “Break-in-data” support capability



• Automatic re-synchronization to ensure proper frame integrity



• Fully flexible extended frames support capabilities



21.1.2. UART
• Full duplex operation (independent serial receive and transmit processes)



• Asynchronous operation



• High resolution baud rate generator



• Hardware support of eight data bits, odd/even/no parity bit, and one stop bit frames



• Data over-run and framing error detection



21.2. Overview
The LIN (Local Interconnect Network) is a serial communications protocol which efficiently supports the
control of mechatronics nodes in distributed automotive applications. The main properties of the LIN bus
are:



• Single master with multiple slaves concept



• Low cost silicon implementation based on common UART/SCI interface



• Self synchronization in slave node



• Deterministic signal transmission with signal propagation time computable in advance



• Low cost single-wire implementation



• Speed up to 20Kbit/s



LIN provides a cost efficient bus communication where the bandwidth and versatility of CAN are not
required. The specification of the line driver/receiver needs to match the ISO9141 NRZ-standard.



If LIN is not required, the controller alternatively can be programmed as Universal Asynchronous serial
Receiver and Transmitter (UART).
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21.3. LIN protocol



21.3.1. Master and slave
A LIN cluster consists of one master task and several slave tasks. A master node contains the master
task as well as a slave task. All other nodes contain a slave task only.



Figure 21-1. LIN cluster with one master node and “n” slave nodes.
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LIN bus
The master task decides when and which frame shall be transferred on the bus. The slave tasks provide
the data transported by each frame. Both the master task and the slave task are parts of the Frame
handler.



21.3.2. Frames
A frame consists of a header (provided by the master task) and a response (provided by a slave task).



The header consists of a BREAK and SYNC pattern followed by a PROTECTED IDENTIFIER. The
identifier uniquely defines the purpose of the frame. The slave task appointed for providing the response
associated with the identifier transmits it. The response consists of a DATA field and a CHECKSUM field.



Figure 21-2. Master and slave tasks behavior in LIN frame.
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The slave tasks waiting for the data associated with the identifier receives the response and uses the
data transported after verifying the checksum.



Figure 21-3. Structure of a LIN frame
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Each byte field is transmitted as a serial byte, LSB first.



21.3.3. Data transport
Two types of data may be transported in a frame; signals or diagnostic messages.



• Signals
Signals are scalar values or byte arrays that are packed into the data field of a frame. A signal is
always present at the same position in the data field for all frames with the same identifier.



• Diagnostic messages
Diagnostic messages are transported in frames with two reserved identifiers. The interpretation of
the data field depends on the data field itself as well as the state of the communicating nodes.
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21.3.4. Schedule table
The master task (in the master node) transmits frame headers based on a schedule table. The schedule
table specifies the identifiers for each header and the interval between the start of a frame and the start of
the following frame. The master application may use different schedule tables and select among them.



21.3.5. Compatibility with LIN 1.3
LIN 2.1 is a super-set of LIN 1.3.



A LIN 2.1 master node can handle clusters consisting of both LIN 1.3 slaves and/or LIN 2.1 slaves. The
master will then avoid requesting the new LIN 2.1 features from a LIN 1.3 slave:



• Enhanced checksum
• Re-configuration and diagnostics
• Automatic baud rate detection
• “Response error” status monitoring



LIN 2.1 slave nodes can not operate with a LIN 1.3 master node (for example the LIN1.3 master does not
support the enhanced checksum).



The LIN 2.1 physical layer is backwards compatible with the LIN1.3 physical layer. But not the other way
around. The LIN 2.1 physical layer sets greater requirements, that is, a master node using the LIN 2.1
physical layer can operate in a LIN 1.3 cluster.



21.4. LIN / UART controller
The LIN/UART controller is divided in three main functions:



• Tx LIN Header function
• Rx LIN Header function
• LIN Response function



These functions mainly use two services:



• Rx service
• Tx service



Because these two services are basically UART services, the controller is also able to switch into an
UART function.



21.4.1. LIN overview
The LIN/UART controller is designed to match as closely as possible to the LIN software application
structure. The LIN software application is developed as independent tasks, several slave tasks and one
master task (c.f. Schedule table). The Atmel ATmega16M1/32M1/64M1 conforms to this perspective. The
only link between the master task and the slave task will be at the cross-over point where the interrupt
routine is called once a new identifier is available. Thus, in a master node, housing both master and slave
task, the Tx LIN Header function will alert the slave task of an identifier presence. In the same way, in a
slave node, the Rx LIN Header function will alert the slave task of an identifier presence.



When the slave task is warned of an identifier presence, it has first to analyze it to know what to do with
the response. Hardware flags identify the presence of one of the specific identifiers from 60 (0x3C) up to
63 (0x3F).



For LIN communication, only four interrupts need to be managed:



• LIDOK: New LIN identifier available
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• LRXOK: LIN response received
• LTXOK: LIN response transmitted
• LERR: LIN Error(s)



The wake-up management can be automated using the UART wake-up capability and a node sending a
minimum of five low bits (0xF0) for LIN 2.1 and 8 low bits (0x80) for LIN 1.3. Pin change interrupt on LIN
wake-up signal can be also used to exit the device of one of its sleep modes.



Extended frame identifiers 62 (0x3E) and 63 (0x3F) are reserved to allow the embedding of user-defined
message formats and future LIN formats. The byte transfer mode offered by the UART will ensure the
upwards compatibility of LIN slaves with accommodation of the LIN protocol.



21.4.2. UART overview
The LIN/UART controller can also function as a conventional UART. By default, the UART operates as a
full duplex controller. It has local loop back circuitry for test purposes. The UART has the ability to buffer
one character for transmit and two for receive. The receive buffer is made of one 8-bit serial register
followed by one 8-bit independent buffer register. Automatic flag management is implemented when the
application puts or gets characters, thus reducing the software overhead. Because transmit and receive
services are independent, the user can save one device pin when one of the two services is not used.
The UART has an enhanced baud rate generator providing a maximum error of 2% whatever the clock
frequency and the targeted baud rate.



21.4.3. LIN/UART controller structure
Figure 21-4. LIN/UART controller block diagram.
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21.4.4. LIN/UART command overview
Figure 21-5. LIN/UART command dependencies.
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Table 21-1. LIN/UART command list.



LENA LCMD[2] LCMD[1] LCMD[0] Command Comment



0 x x x Disable peripheral



1 0 0 0 Rx Header - LIN abort LIN withdrawal



1 Tx header LCMD[2..0]=000 after Tx



1 0 Rx response LCMD[2..0]=000 after Rx



1 Tx response LCMD[2..0]=000 after Tx



1 0 0 Byte transfer no CRC, no time-out
LTXDL=LRXDL=0
(LINDLR: read only register)1 0 Rx byte



0 1 Tx byte



1 1 Full duplex



21.4.5. Enable / disable
Setting the LENA bit in LINCR register enables the LIN/UART controller. To disable the LIN/UART
controller, LENA bit must be written to 0. No wait states are implemented, so, the disable command is
taken into account immediately.
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21.4.6. LIN commands
Clearing the LCMD[2] bit in LINCR register enables LIN commands.



As shown in Table 21-1, four functions controlled by the LCMD[1..0] bits of LINCR register are available
(see Figure 21-5).



21.4.6.1. Rx header / LIN abort function
This function (or state) is mainly the withdrawal mode of the controller.



When the controller has to execute a master task, this state is the start point before enabling a Tx Header
command.



When the controller has only to execute slave tasks, LIN header detection/acquisition is enabled as
background function. At the end of such an acquisition (Rx Header function), automatically the
appropriate flags are set, and in LIN 1.3, the LINDLR register is set with the uncoded length value.



This state is also the start point before enabling the Tx or the Rx Response command.



A running function (that is Tx Header, Tx or Rx Response) can be aborted by clearing LCMD[1..0] bits in
LINCR register. In this case, an abort flag - LABORT - in LINERR register will be set to inform the other
software tasks. No wait states are implemented, so, the abort command is taken into account
immediately.



Rx Header function is responsible for:



• The BREAK field detection
• The hardware re-synchronization analyzing the SYNCH field
• The reception of the PROTECTED IDENTIFIER field, the parity control and the update of the



LINDLR register in case of LIN 1.3
• The starting of the Frame_Time_Out
• The checking of the LIN communication integrity



21.4.6.2. Tx header function
In accordance with the LIN protocol, only the master task must enable this function. The header is sent in
the appropriate timed slots at the programmed baud rate (c.f. LINBRR & LINBTR registers).



The controller is responsible for:



• The transmission of the BREAK field - 13 dominant bits
• The transmission of the SYNCH field - character 0x55
• The transmission of the PROTECTED IDENTIFIER field. It is the full content of the LINIDR register



(automatic check bits included)



At the end of this transmission, the controller automatically returns to Rx Header / LIN Abort state (that is,
LCMD[1..0] = 00) after setting the appropriate flags. This function leaves the controller in the same setting
as after the Rx Header function. This means that, in LIN 1.3, the LINDLR register is set with the uncoded
length value at the end of the Tx Header function.



During this function, the controller is also responsible for:



• The starting of the Frame_Time_Out
• The checking of the LIN communication integrity



21.4.6.3. Rx & TX response functions
These functions are initiated by the slave task of a LIN node. They must be used after sending an header
(master task) or after receiving an header (considered as belonging to the slave task). When the TX
Response order is sent, the transmission begins. A Rx Response order can be sent up to the reception of
the last serial bit of the first byte (before the stop-bit).
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In LIN 1.3, the header slot configures the LINDLR register. In LIN 2.1, the user must configure the
LINDLR register, either LRXDL[3..0] for Rx Response either LTXDL[3..0] for Tx Response.



When the command starts, the controller checks the LIN13 bit of the LINCR register to apply the right rule
for computing the checksum. Checksum calculation over the DATA bytes and the PROTECTED
IDENTIFIER byte is called enhanced checksum and it is used for communication with LIN 2.1 slaves.
Checksum calculation over the DATA bytes only is called classic checksum and it is used for
communication with LIN 1.3 slaves. Note that identifiers 60 (0x3C) to 63 (0x3F) shall always use classic
checksum.



At the end of this reception or transmission, the controller automatically returns to Rx Header / LIN Abort
state (that is LCMD[1..0] = 00) after setting the appropriate flags.



If an LIN error occurs, the reception or the transmission is stopped, the appropriate flags are set and the
LIN bus is left to recessive state.



During these functions, the controller is responsible for:



• The initialization of the checksum operator
• The transmission or the reception of ‘n’ data with the update of the checksum calculation
• The transmission or the checking of the CHECKSUM field
• The checking of the Frame_Time_Out
• The checking of the LIN communication integrity



While the controller is sending or receiving a response, BREAK and SYNCH fields can be detected and
the identifier of this new header will be recorded. Of course, specific errors on the previous response will
be maintained with this identifier reception.



21.4.6.4. Handling data of LIN response
A FIFO data buffer is used for data of the LIN response. After setting all parameters in the LINSEL
register, repeated accesses to the LINDAT register perform data read or data write (see Data
management).



Note that LRXDL[3..0] and LTXDL[3..0] are not linked to the data access.



21.4.7. UART commands
Setting the LCMD[2] bit in LINENR register enables UART commands. Tx Byte and Rx Byte services are
independent as shown in Table 21-1.



• Byte Transfer: the UART is selected but both Rx and Tx services are disabled
• Rx Byte: only the Rx service is enable but Tx service is disabled
• Tx Byte: only the Tx service is enable but Rx service is disabled
• Full Duplex: the UART is selected and both Rx and Tx services are enabled



This combination of services is controlled by the LCMD[1..0] bits of LINENR register (see Figure 21-5).



21.4.7.1. Data handling
The FIFO used for LIN communication is disabled during UART accesses. LRXDL[3..0] and LTXDL[3..0]
values of LINDLR register are then irrelevant. LINDAT register is then used as data register and LINSEL
register is not relevant.



21.4.7.2. Rx service
Once this service is enabled, the user is warned of an in-coming character by the LRXOK flag of LINSIR
register. Reading LINDAT register automatically clears the flag and makes free the second stage of the
buffer. If the user considers that the in-coming character is irrelevant without reading it, he directly can
clear the flag (see specific flag management described in Section 20.6.2 on page 208).



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



279











The intrinsic structure of the Rx service offers a 2-byte buffer. The fist one is used for serial to parallel
conversion, the second one receives the result of the conversion. This second buffer byte is reached
reading LINDAT register. If the 2-byte buffer is full, a new in-coming character will overwrite the second
one already recorded. An OVRERR error in LINERR register will then accompany this character when
read.



A FERR error in LINERR register will be set in case of framing error.



21.4.7.3. Tx service
If this service is enabled, the user sends a character by writing in LINDAT register. Automatically the
LTXOK flag of LINSIR register is cleared. It will rise at the end of the serial transmission. If no new
character has to be sent, LTXOK flag can be cleared separately (see specific flag management described
in “LINSIR – LIN Status and Interrupt Register” on page 208).



There is no transmit buffering.



No error is detected by this service.



21.5. LIN / UART description



21.5.1. Reset
The AVR core reset logic signal also resets the LIN/UART controller. Another form of reset exists, a
software reset controlled by LSWRES bit in LINCR register. This self-reset bit performs a partial reset.



Table 21-2. Reset of LIN/UART registers.



Register Name Reset Value LSWRES value Comment



LIN control reg. LINCR 0000 0000 b 0000 0000 b x=unknown
u=unchangedLIN status & interrupt reg. LINSIR 0000 0000 b 0000 0000 b



LIN enable interrupt reg. LINENIR 0000 0000 b xxxx 0000 b



LIN error reg. LINERR 0000 0000 b 0000 0000 b



LIN bit timing reg. LINBTR 0010 0000 b 0010 0000 b



LIN baud rate reg. low LINBRRL 0000 0000 b uuuu uuuu b



LIN baud rate reg. high LINBRRH 0000 0000 b xxxx uuuu b



LIN data length reg. LINDLR 0000 0000 b 0000 0000 b



LIN identifier reg. LINIDR 1000 0000 b 1000 0000 b



LIN data buffer selection LINSEL 0000 0000 b xxxx 0000 b



LIN data LINDAT 0000 0000 b 0000 0000 b



21.5.2. Clock
The I/O clock signal (clki/o) also clocks the LIN/UART controller. It is its unique clock.



21.5.3. LIN protocol selection
LIN13 bit in LINCR register is used to select the LIN protocol:



• LIN13 = 0 (default): LIN 2.1 protocol
• LIN13 = 1: LIN 1.3 protocol
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The controller checks the LIN13 bit in computing the checksum (enhanced checksum in LIN2.1 / classic
checksum in LIN 1.3). See Rx & TX response functions.



This bit is irrelevant for UART commands.



21.5.4. Configuration
Depending on the mode (LIN or UART), LCONF[1..0] bits of the LINCR register set the controller in the
following configuration:



Table 21-3. Configuration table versus mode.



Mode LCONF[1..0] Configuration



LIN 00 b LIN standard configuration (default)



01 b No CRC field detection or transmission



10 b Frame_Time_Out disable



11 b Listening mode



UART 00 b 8-bit data, no parity & 1 stop-bit



01 b 8-bit data, even parity & 1 stop-bit



10 b 8-bit data, odd parity & 1 stop-bit



11 b Listening mode, 8-bit data, no parity & 1 stop-bit



The LIN configuration is independent of the programmed LIN protocol.



The listening mode connects the internal Tx LIN and the internal Rx LIN together. In this mode, the TXLIN
output pin is disabled and the RXLIN input pin is always enabled. The same scheme is available in UART
mode.



Figure 21-6. Listening mode.
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21.5.5. Busy signal
LBUSY bit flag in LINSIR register is the image of the BUSY signal. It is set and cleared by hardware. It
signals that the controller is busy with LIN or UART communication.
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21.5.5.1. Busy signal in LIN mode
Figure 21-7. Busy signal in LIN mode
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When the busy signal is set, some registers are locked, user writing is not allowed:



• “LIN Control Register” - LINCR - except LCMD[2..0], LENA & LSWRES
• “LIN Baud Rate Registers” - LINBRRL & LINBRRH
• “LIN Data Length Register” - LINDLR
• “LIN Identifier Register” - LINIDR
• “LIN Data Register” - LINDAT



If the busy signal is set, the only available commands are:



• LCMD[1..0] = 00 b, the abort command is taken into account at the end of the byte
• LENA = 0 and/or LCMD[2] = 0, the kill command is taken into account immediately
• LSWRES = 1, the reset command is taken into account immediately



Note that, if another command is entered during busy signal, the new command is not validated and the
LOVRERR bit flag of the LINERR register is set. The on-going transfer is not interrupted.



21.5.5.2. Busy signal in UART mode
During the byte transmission, the busy signal is set. This locks some registers from being written:



• “LIN Control Register” - LINCR - except LCMD[2..0], LENA & LSWRES
• “LIN Data Register” - LINDAT



The busy signal is not generated during a byte reception.



21.5.6. Bit timing



21.5.6.1. Baud rate generator
The baud rate is defined to be the transfer rate in bits per second (bps):



• BAUD: Baud rate (in bps)
• clki/o: System I/O clock frequency
• LDIV[11..0]: Contents of LINBRRH & LINBRRL registers - (0-4095), the pre-scaler receives clki/o as



input clock
• LBT[5..0]: Least significant bits of - LINBTR register- (0-63) is the number of samplings in a LIN or



UART bit (default value 32)



Equation for calculating baud rate:



BAUD = fclki/o / LBT[5..0] x (LDIV[11..0] + 1)



Equation for setting LINDIV value:



LDIV[11..0] = ( fclki/o / LBT[5..0] x BAUD ) - 1



Note that in reception a majority vote on three samplings is made.
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21.5.6.2. Re-synchronization in LIN mode
When waiting for Rx Header, LBT[5..0] = 32 in LINBTR register. The re-synchronization begins when the
BREAK is detected. If the BREAK size is not in the range (11 bits min., 28 bits max. — 13 bits nominal),
the BREAK is refused. The re-synchronization is done by adjusting LBT[5..0] value to the SYNCH field of
the received header (0x55). Then the PROTECTED IDENTIFIER is sampled using the new value of
LBT[5..0]. The re-synchronization implemented in the controller tolerates a clock deviation of ±20% and
adjusts the baud rate in a ±2% range.



The new LBT[5..0] value will be used up to the end of the response. Then, the LBT[5..0] will be reset to
32 for the next header.



The LINBTR register can be used to re-calibrate the clock oscillator.



The re-synchronization is not performed if the LIN node is enabled as a master.



21.5.6.3. Handling LBT[5:0]
LDISR bit of LINBTR register is used to:



• To enable the setting of LBT[5:0] (to manually adjust the baud rate especially in the case of UART
mode). A minimum of eight is required for LBT[5:0] due to the sampling operation



• Disable the re-synchronization in LIN Slave Mode for test purposes



Note that the LENA bit of LINCR register is important for this handling.



Figure 21-8. Handling LBT[5:0].



Write in LINBTR register



LENA ?
(LINCR bit 4)



LDISR
to write



=0



=0



=1



LBT[5..0] forced to 0x20
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Enable re-synch. in LIN mode



LBT[5..0] = LBT[5..0] to write
(LBT[5..0]min=8)



LDISR forced to 1
Disable re-synch. in LIN mode



=1



21.5.7. Data length
LIN commands describes how to set or how are automatically set the LRXDL[3..0] or LTXDL[3..0] fields of
LINDLR register before receiving or transmitting a response.



In the case of Tx Response the LRXDL[3..0] will be used by the hardware to count the number of bytes
already successfully sent.



In the case of Rx Response the LTXDL[3..0] will be used by the hardware to count the number of bytes
already successfully received.



If an error occurs, this information is useful to the programmer to recover the LIN messages.



21.5.7.1. Data length in LIN 2.1
• If LTXDL[3..0]=0 only the CHECKSUM will be sent
• If LRXDL[3..0]=0 the first byte received will be interpreted as the CHECKSUM
• If LTXDL[3..0] or LRXDL[3..0] >8, values will be forced to eight after the command setting and



before sending or receiving of the first byte
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21.5.7.2. Data length in LIN 1.3
• LRXDL and LTXDL fields are both hardware updated before setting LIDOK by decoding the data



length code contained in the received PROTECTED IDENTIFIER (LRXDL = LTXDL)
• Via the above mechanism, a length of 0 or >8 is not possible



21.5.7.3. Data length in Rx Response
Figure 21-9. LIN2.1 - Rx Response - no error



DATA-0 DATA-1 DATA-2 DATA-3 CHECKSUM



LINDLR=0x?4
LCMD2..0=000b



LIN bus



LRXDL (*) 4



1? 0



LBUSY



LTXDL (*) 2 3 4



1st Byte 2 nd Byte 3 rd Byte 4 th Byte
LIDOK LRXOK



LCMD=Rx Response



(*) : LRXDL & LTXDL updated by user



• The user initializes LRXDL field before setting the Rx Response command
• After setting the Rx Response command, LTXDL is reset by hardware
• LRXDL field will remain unchanged during Rx (during busy signal)
• LTXDL field will count the number of received bytes (during busy signal)
• If an error occurs, Rx stops, the corresponding error flag is set and LTXDL will give the number of



received bytes without error
• If no error occurs, LRXOK is set after the reception of the CHECKSUM, LRXDL will be unchanged



(and LTXDL = LRXDL)



21.5.7.4. Data length in Tx Response
Figure 21-10. LIN1.3 - Tx Response - no error



DATA-0 DATA-1 DATA-2 DATA-3 CHECKSUM



LCMD2..0=000b



LIN bus



LBUSY



1st Byte 2 nd Byte 3 rd Byte 4 th Byte
LIDOK LTXOK



14 0LRXDL (*) 2 3 4



LCMD=Tx Response



(*) : LRXDL & LTXDL updated by Rx Response or Tx Response task



LTXDL (*) 4



• The user initializes LTXDL field before setting the Tx Response command
• After setting the Tx Response command, LRXDL is reset by hardware
• LTXDL will remain unchanged during Tx (during busy signal)
• LRXDL will count the number of transmitted bytes (during busy signal)
• If an error occurs, Tx stops, the corresponding error flag is set and LRXDL will give the number of



transmitted bytes without error
• If no error occurs, LTXOK is set after the transmission of the CHECKSUM, LTXDL will be



unchanged (and LRXDL = LTXDL)
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21.5.7.5. Data length after error
Figure 21-11. Tx Response - error.



DATA-0 DATA-1



LCMD2..0=000b



LIN bus



LBUSY



1st Byte 2 nd Byte 3 rd Byte
LERR



14 0LRXDL 2



LCMD=Tx Response



LTXDL 4



DATA-2
ERRORERROR



Note:  Information on response (ex: error on byte) is only available at the end of the serialization/de-
serialization of the byte.



21.5.7.6. Data length in UART mode
• The UART mode forces LRXDL and LTXDL to 0 and disables the writing in LINDLR register
• Note that after reset, LRXDL and LTXDL are also forced to 0



21.5.8. xxOK flags
There are three xxOK flags in LINSIR register:



• LIDOK: LIN IDentifier OK
It is set at the end of the header, either by the Tx Header function or by the Rx Header. In LIN 1.3,
before generating LIDOK, the controller updates the LRXDL & LTXDL fields in LINDLR register.
It is not driven in UART mode.



• LRXOK: LIN RX response complete
It is set at the end of the response by the Rx Response function in LIN mode and once a character
is received in UART mode.



• LTXOK: LIN TX response complete
It is set at the end of the response by the Tx Response function in LIN mode and once a character
has been sent in UART mode.



These flags can generate interrupts if the corresponding enable interrupt bit is set in the LINENIR register
(see Interrupts).



21.5.9. xxERR flags
LERR bit of the LINSIR register is an logical ‘OR’ of all the bits of LINERR register (see Interrupts). There
are eight flags:



• LBERR = LIN Bit ERRor
. A unit that is sending a bit on the bus also monitors the bus. A LIN bit error will be flagged when
the bit value that is monitored is different from the bit value that is sent. After detection of a LIN bit
error the transmission is aborted.



• LCERR = LIN Checksum ERRor. A LIN checksum error will be flagged if the inverted modulo-256
sum of all received data bytes (and the protected identifier in LIN 2.1) added to the checksum does
not result in 0xFF.



• LPERR = LIN Parity ERRor (identifier). A LIN parity error in the IDENTIFIER field will be flagged if
the value of the parity bits does not match with the identifier value. (See LP[1:0] bits in LINIDR. A
LIN slave application does not distinguish between corrupted parity bits and a corrupted identifier.



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



285











The hardware does not undertake any correction. However, the LIN slave application has to solve
this as:



– known identifier (parity bits corrupted)
– or corrupted identifier to be ignored
– or new identifier



• LSERR = LIN Synchronization ERRor. A LIN synchronization error will be flagged if a slave detects
the edges of the SYNCH field outside the given tolerance.



• LFERR = LIN Framing ERRor. A framing error will be flagged if dominant STOP bit is sampled.
Same function in UART mode.



• LTOERR = LIN Time Out ERRor. A time-out error will be flagged if the MESSAGE frame is not fully
completed within the maximum length T Frame_Maximum by any slave task upon transmission of the
SYNCH and IDENTIFIER fields (see Section Frame time out).



• LOVERR = LIN OVerrun ERRor. Overrun error will be flagged if a new command (other than LIN
Abort) is entered while ‘Busy signal’ is present.
In UART mode, an overrun error will be flagged if a received byte overwrites the byte stored in the
serial input buffer.



• LABORT. LIN abort transfer reflects a previous LIN Abort command (LCMD[2..0] = 000) while ‘Busy
signal’ is present.



After each LIN error, the LIN controller stops its previous activity and returns to its withdrawal mode
(LCMD[2..0] = 000 b) as illustrated in Figure 21-11.



Writing 1 in LERR of LINSIR register resets LERR bit and all the bits of the LINERR register.



21.5.10. Frame time out
According to the LIN protocol, a frame time-out error is flagged if: T Frame > T Frame_Maximum. This feature is
implemented in the LIN/UART controller.



Figure 21-12. LIN timing and frame time-out
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21.5.11. Break-in-data
According to the LIN protocol, the LIN/UART controller can detect the BREAK/SYNC field sequence even
if the break is partially superimposed with a byte of the response. When a BREAK/SYNC field sequence
happens, the transfer in progress is aborted and the processing of the new frame starts.



• On slave node(s), an error is generated (that is, LBERR in case of Tx Response or LFERR in case
of Rx Response). Information on data error is also available, refer to Data length after error.



• On master node, the user (code) is responsible for this aborting of frame. To do this, the master
task has first to abort the on-going communication (clearing LCMD bits - LIN Abort command) and
then to apply the Tx Header command. In this case, the abort error flag - LABORT - is set
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On the slave node, the BREAK detection is processed with the synchronization setting available when the
LIN/UART controller processed the (aborted) response. But the re-synchronization restarts as usual. Due
to a possible difference of timing reference between the BREAK field and the rest of the frame, the time-
out values can be slightly inaccurate.



21.5.12. Checksum
The last field of a frame is the checksum.



In LIN 2.1, the checksum contains the inverted eight bit sum with carry over all data bytes and the
protected identifier. This calculation is called enhanced checksum.CHECKSUM = 255− unsigned char 0�   DATA � + PROTECTED ID.+ unsigned char 0�   DATA � + PROTECTED ID. » 8
In LIN 1.3, the checksum contains the inverted eight bit sum with carry over all data bytes. This
calculation is called classic checksum.CHECKSUM = 255− unsigned char 0�   DATA � + unsigned char 0�   DATA � » 8
Frame identifiers 60 (0x3C) to 61 (0x3D) shall always use classic checksum.



21.5.13. Interrupts
As shown in the figure below, the four communication flags of the LINSIR register are combined to drive
two interrupts. Each of these flags have their respective enable interrupt bit in LINENIR register.



See xxOK flags and xxERR flags.



Figure 21-13. LIN interrupt mapping
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21.5.14. Message filtering
Message filtering based upon the whole identifier is not implemented. Only a status for frame headers
having 0x3C, 0x3D, 0x3E and 0x3F as identifier is available in the LINSIR register.
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Table 21-4. Frame status



LIDST[2..0] Frame status



0xx b No specific identifier



100 b 60 (0x3C) identifier



101 b 61 (0x3D) identifier



110 b 62 (0x3E) identifier



111 b 63 (0x3F) identifier



The LIN protocol says that a message with an identifier from 60 (0x3C) up to 63 (0x3F) uses a classic
checksum (sum over the data bytes only). Software will be responsible for switching correctly the LIN13
bit to provide/check this expected checksum (the insertion of the ID field in the computation of the CRC is
set - or not - just after entering the Rx or Tx Response command).



21.5.15. Data management



21.5.15.1. LIN FIFO data buffer
To preserve register allocation, the LIN data buffer is seen as a FIFO (with address pointer accessible).
This FIFO is accessed via the LINDX[2..0] field of LINSEL register through the LINDAT register.



LINDX[2..0], the data index, is the address pointer to the required data byte. The data byte can be read or
written. The data index is automatically incremented after each LINDAT access if the LAINC (active low)
bit is cleared. A roll-over is implemented, after data index=7 it is data index=0. Otherwise, if LAINC bit is
set, the data index needs to be written (updated) before each LINDAT access.



The first byte of a LIN frame is stored at the data index=0, the second one at the data index=1, and so on.
Nevertheless, LINSEL must be initialized by the user before use.



21.5.15.2. UART data register
The LINDAT register is the data register (no buffering - no FIFO). In write access, LINDAT will be for data
out and in read access, LINDAT will be for data in.



In UART mode the LINSEL register is unused.



21.5.16. OCD support
This chapter describes the behavior of the LIN/UART controller stopped by the OCD (that is I/O view
behavior in Atmel Studio®).



1. LINCR
– LINCR[6..0] are R/W accessible
– LSWRES always is a self-reset bit (needs one micro-controller cycle to execute)



2. LINSIR
– LIDST[2..0] and LBUSY are always Read accessible
– LERR & LxxOK bit are directly accessible (unlike in execution, set or cleared directly by



writing 1 or 0)
– Note that clearing LERR resets all LINERR bits and setting LERR sets all LINERR bits



3. LINENR
– All bits are R/W accessible



4. LINERR
– All bits are R/W accessible
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– Note that LINERR bits are ORed to provide the LERR interrupt flag of LINSIR
5. LINBTR



– LBT[5..0] are R/W access only if LDISR is set
– If LDISR is reset, LBT[5..0] are unchangeable



6. LINBRRH & LINBRRL
– All bits are R/W accessible



7. LINDLR
– All bits are R/W accessible



8. LINIDR
– LID[5..0] are R/W accessible
– LP[1..0] are Read accessible and are always updated on the fly



9. LINSEL
– All bits are R/W accessible



10. LINDAT
– All bits are R/W accessible
– Note that LAINC has no more effect on the auto-incrementation and the access to the full



FIFO is done setting LINDX[2..0] of LINSEL
– Note:  When a debugger break occurs, the state machine of the LIN/UART controller is



stopped (included frame time-out) and further communication may be corrupted.



21.6. Register Description



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



289











21.6.1. LIN Control Register



Name:  LINCR
Offset:  0xC8
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 LSWRES LIN13 LCONF[1:0] LENA LCMD[2:0]  



Access  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – LSWRES: Software Reset



Value Description
0 No action
1 Software reset (this bit is self-reset at the end of the reset procedure)



Bit 6 – LIN13: LIN 1.3 mode



Value Description
0 LIN 2.1 (default)
1 LIN 1.3



Bits 5:4 – LCONF[1:0]: Configuration
The configuration settings for LIN and UART mode are shown below



Value Name Description
00 LIN Mode LIN Standard configuration (listen mode “off”, CRC “on” & Frame_Time_Out



“on”) (default)
01 LIN Mode No CRC, no Time out (listen mode “off”)
10 LIN Mode No Frame_Time_Out (listen mode “off” & CRC “on”)
11 LIN Mode Listening mode (CRC “on” & Frame_Time_Out “on”)
00 UART Mode 8-bit, no parity (listen mode “off”) (default)
01 UART Mode 8-bit, even parity (listen mode “off”)
10 UART Mode 8-bit, odd parity (listen mode “off”)
11 UART Mode Listening mode, 8-bit, no parity



Bit 3 – LENA: Enable



Value Description
0 Disable (both LIN and UART modes)
1 Enable (both LIN and UART modes)



Bits 2:0 – LCMD[2:0]: Command and mode
The command is only available if LENA is set



Value Description
000 LIN Rx Header - LIN abort
001 LIN Tx Header
010 LIN Rx Response
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Value Description
011 LIN Tx Response
100 UART Rx & Tx Byte disable
11x UART Rx Byte enable
1x1 UART Tx Byte enable
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21.6.2. LIN Status and Interrupt Register



Name:  LINSIR
Offset:  0xC9
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 LIDST[2:0] LBUSY LERR LIDOK LTXOK LRXOK  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 7:5 – LIDST[2:0]: LIN Identifier Status



Value Description
0xx No specific identifier
100 Identifier 60 (0x3C)
101 Identifier 61 (0x3D)
110 Identifier 62 (0x3E)
111 Identifier 63 (0x3F)



Bit 4 – LBUSY: Busy Signal



Value Description
0 Not busy
1 Busy (receiving or transmitting)



Bit 3 – LERR: Error Interrupt
It is a logical OR of LINERR register bits. This bit generates an interrupt if its respective enable bit -
LENERR - is set in LINENIR.



The user clears this bit by writing 1 in order to reset this interrupt. Resetting LERR also resets all LINERR
bits. In UART mode, this bit is also cleared by reading LINDAT.



Value Description
0 No error
1 An error has occurred



Bit 2 – LIDOK: Identifier Interrupt
This bit generates an interrupt if its respective enable bit - LENIDOK - is set in LINENIR.



The user clears this bit by writing 1, in order to reset this interrupt.



Value Description
0 No identifier
1 Slave task: Identifier present, master task: Tx Header complete



Bit 1 – LTXOK: Transmit Performed Interrupt
This bit generates an interrupt if its respective enable bit - LENTXOK - is set in LINENIR.



The user clears this bit by writing 1, in order to reset this interrupt.



In UART mode, this bit is also cleared by writing LINDAT.
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Value Description
0 No Tx
1 Tx Response complete



Bit 0 – LRXOK: Receive Performed Interrupt
This bit generates an interrupt if its respective enable bit - LENRXOK - is set in LINENIR.



The user clears this bit by writing 1, in order to reset this interrupt.



In UART mode, this bit is also cleared by writing LINDAT.



Value Description
0 No Rx
1 Rx Response complete
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21.6.3. LIN Enable Interrupt Register



Name:  LINENIR
Offset:  0xCA
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
     LENERR LENIDOK LENTXOK LENRXOK  



Access  
Reset 0 0 0 0  



Bit 3 – LENERR: Enable Error Interrupt



Value Description
0 Error interrupt masked
1 Error interrupt enabled



Bit 2 – LENIDOK: Enable Identifier Interrupt



Value Description
0 Identifier interrupt masked
1 Identifier interrupt enabled



Bit 1 – LENTXOK: Enable Transmit Performed Interrupt



Value Description
0 Transmit performed interrupt masked
1 Transmit performed interrupt enabled



Bit 0 – LENRXOK: Enable Receive Performed Interrupt



Value Description
0 Receive performed interrupt masked
1 Receive performed interrupt enabled
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21.6.4. LIN Error Register



Name:  LINERR
Offset:  0xCB
Reset:  0x0
Property:
 



R



Bit 7 6 5 4 3 2 1 0  
 LABORT LTOERR LOVERR LFERR LSERR LPERR LCERR LBERR  



Access  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – LABORT: Abort Flag
This bit is cleared when LERR bit in LINSIR is cleared.



Value Description
0 No warning
1 LIN abort command occurred



Bit 6 – LTOERR: Frame_Time_Out Error Flag
This bit is cleared when LERR bit in LINSIR is cleared.



Value Description
0 No error
1 Frame_Time_Out error



Bit 5 – LOVERR: Overrun Error Flag
This bit is cleared when LERR bit in LINSIR is cleared.



Value Description
0 No error
1 Overrun error



Bit 4 – LFERR: Framing Error Flag
This bit is cleared when LERR bit in LINSIR is cleared.



Value Description
0 No error
1 Framing error



Bit 3 – LSERR: LSERR:
This bit is cleared when LERR bit in LINSIR is cleared.



Value Description
0 No error
1 Synchronization error



Bit 2 – LPERR: Parity Error Flag
This bit is cleared when LERR bit in LINSIR is cleared.
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Value Description
0 No error
1 Parity error



Bit 1 – LCERR: Checksum Error Flag
This bit is cleared when LERR bit in LINSIR is cleared.



Value Description
0 No error
1 Checksum error



Bit 0 – LBERR: Bit Error Flag
This bit is cleared when LERR bit in LINSIR is cleared.



Value Description
0 No error
1 Bit error
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21.6.5. LIN Bit Timing Register



Name:  LINBTR
Offset:  0xCC
Reset:  0x20
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 LDISR  LBT[5:0]  



Access  
Reset 0 1 0 0 0 0 0  



Bit 7 – LDISR: Disable Bit Timing Re synchronization



Value Description
0 Bit timing re-synchronization enabled (default)
1 Bit timing re-synchronization disabled



Bits 5:0 – LBT[5:0]: LIN Bit Timing
Gives the number of samples of a bit. Sample-time = (1/fclki/o ) × (LDIV[11..0] + 1). Default value:
LBT[6:0]=32 — Min. value: LBT[6:0]=8 — Max. value: LBT[6:0]=63
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21.6.6. LIN Baud Rate Register



Name:  LINBRR
Offset:  0xCD
Reset:  0x0
Property:
 



R/W



Bit 15 14 13 12 11 10 9 8  
     LDIV11 LDIV10 LDIV9 LDIV8  



Access  
Reset 0 0 0 0  



Bit 7 6 5 4 3 2 1 0  
 LDIV7 LDIV6 LDIV5 LDIV4 LDIV3 LDIV2 LDIV1 LDIV0  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 – LDIVn:  Scaling of clki/o Frequency
The LDIV value is used to scale the entering clki/o frequency to achieve appropriate LIN or UART baud
rate.
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21.6.7. LIN Data Length Register



Name:  LINDLR
Offset:  0xCF
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 LTXDL0[3:0] LRXDL0[3:0]  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 4:7, 8:11, 12:15, 16:19 – LTXDLn: LIN Transmit Data Length
In LIN mode, this field gives the number of bytes to be transmitted (clamped to 8 Max).



In UART mode this field is unused.



Bits 0:3, 4:7, 8:11, 12:15 – LRXDLn: LIN Receive Data Length
In LIN mode, this field gives the number of bytes to be received (clamped to 8 Max).



In UART mode this field is unused.
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21.6.8. LIN Identifier Register



Name:  LINIDR
Offset:  0xD0
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 LP1 LP0 LDL1 LDL0 LID3 LID2 LID1 LID0  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 6, 7 – LPn: Parity
In LIN mode:



LP0 = LID4 ^ LID2 ^ LID1 ^ LID0
LP1 = ! ( LID1 ^ LID3 ^ LID4 ^ LID5 )



In UART mode this field is unused.



Bits 4, 5 – LDLn: LIN 1.3 Data Length or LIN 2.1 Identifier
In LIN 1.3 mode as in the table below.



In LIN 2.1 mode: these 2 bits are belong to the 6-bit identifier (no length transported).



In UART mode this field is unused.



Value Description
00 2-byte response
01 2-byte response
10 4-byte response
11 8-byte response



Bits 0, 1, 2, 3, 4, 5 – LIDn: LIN 1.3 Identifier and 2.1 Identifier
In LIN 1.3 mode: 4-bit identifier.



In LIN 2.1 mode: 6-bit identifier (no length transported).



In UART mode this field is unused.



Value Description
00 2-byte response
01 2-byte response
10 4-byte response
11 8-byte response
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21.6.9. LIN Data Buffer Selection Register



Name:  LINSEL
Offset:  0xD1
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
    LAINC1 LAINC0 LINDX2 LINDX1 LINDX0  



Access  
Reset 0 0 0 0 0  



Bits 3, 4 – LAINCn:  Auto Increment of Data Buffer Index
In LIN mode as in the table below



In UART mode this field is unused.



Value Description
0 Auto incrementation of FIFO data buffer index (default)
1 No auto incrementation



Bits 0, 1, 2 – LINDXn: FIFO LIN Data Buffer Index
In LIN mode: location (index) of the LIN response data byte into the FIFO data buffer. The FIFO data
buffer is accessed through LINDAT.



In UART mode this field is unused.
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21.6.10. LIN Data Register



Name:  LINDAT
Offset:  0xD2
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 LDATA7 LDATA6 LDATA5 LDATA4 LDATA3 LDATA2 LDATA1 LDATA0  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7 – LDATAn: LIN Data In / Data out
In LIN mode: FIFO data buffer port.



In UART mode: data register (no data buffer - no FIFO).



• In Write access, data out
• In Read access, data in
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22. ADC - Analog to Digital Converter



22.1. Features
• 10-bit Resolution
• 0.5 LSB Integral Non-Linearity
• ±2 LSB Absolute Accuracy
• 8 - 250μs Conversion Time
• Up to 120kSPS at Maximum Resolution
• 11 Multiplexed Single Ended Input Channels
• Three differential input channels with accurate (5%) programmable gain 5, 10, 20 and 40
• Optional Left Adjustment for ADC Result Readout
• 0 - VCC ADC Input Voltage Range
• Selectable 2.56V ADC Reference Voltage
• Free Running or Single Conversion Mode
• ADC start conversion by auto triggering on interrupt sources
• Interrupt on ADC Conversion Complete
• Sleep Mode Noise Canceler
• Temperature Sensor
• LiN address sense (ISRC voltage measurement)
• VCC voltage measurement



22.2. Overview
The device features a 10-bit successive approximation ADC. The ADC is connected to a 15-channel
Analog Multiplexer which allows 11 single-ended voltage inputs. The single-ended voltage inputs refer to
0V (GND).



The device also supports three differential voltage input amplifiers which are equipped with a
programmable gain stage, providing amplification steps of 14dB (5×), 20dB (10×), 26dB (20×), or 32dB
(40×) on the differential input voltage before the A/D conversion. On the amplified channels, 8-bit
resolution can be expected.



The ADC contains a Sample and Hold circuit which ensures that the input voltage to the ADC is held at a
constant level during conversion. A block diagram of the ADC is shown below.



The ADC has a separate analog supply voltage pin, AVCC. AVCC must not differ more than ±0.3V from
VCC. See section ADC Noise Canceler on how to connect this pin.



The Power Reduction ADC bit in the Power Reduction Register (PRR.PRADC) must be written to '0' in
order to be enable the ADC.



The ADC converts an analog input voltage to a 10-bit digital value through successive approximation. The
minimum value represents GND and the maximum value represents the voltage on the AREF pin minus 1
LSB. Optionally, AVCC or an internal 2.56V reference voltage may be connected to the AREF pin by
writing to the REFSn bits in the ADMUX Register. The internal voltage reference must be decoupled by
an external capacitor at the AREF pin to improve noise immunity.
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Figure 22-1. Analog to Digital Converter Block Schematic Operation
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Related Links
Power Management and Sleep Modes on page 60
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Power Reduction Register on page 62



22.3. M1_Operation
The ADC converts an analog input voltage to a 10-bit digital value through successive approximation. The
minimum value represents GND and the maximum value represents the voltage on the AREF pin minus 1
LSB. Optionally, AVCC or an internal 2.56V reference voltage may be connected to the AREF pin by
writing to the REFSn bits in the ADMUX Register. The internal voltage reference may thus be decoupled
by an external capacitor at the AREF pin to improve noise immunity.



The analog input channel are selected by writing to the MUX bits in ADMUX. Any of the ADC input pins,
as well as GND and a fixed bandgap voltage reference, can be selected as single ended inputs to the
ADC.



The ADC is enabled by setting the ADC Enable bit, ADEN in ADCSRA. Voltage reference is set by the
REFS1 and REFS0 bits in ADMUX register, whatever the ADC is enabled or not. The ADC does not
consume power when ADEN is cleared, so it is recommended to switch off the ADC before entering
power saving sleep modes.



The ADC generates a 10-bit result which is presented in the ADC Data Registers, ADCH and ADCL. By
default, the result is presented right adjusted, but can optionally be presented left adjusted by setting the
ADLAR bit in ADMUX.



If the result is left adjusted and no more than 8-bit precision is required, it is sufficient to read ADCH.
Otherwise, ADCL must be read first, then ADCH, to ensure that the content of the Data Registers belongs
to the same conversion. Once ADCL is read, ADC access to Data Registers is blocked. This means that if
ADCL has been read, and a conversion completed before ADCH is read, neither register is updated and
the result from the conversion is lost. When ADCH is read, ADC access to the ADCH and ADCL
Registers is re-enabled.



The ADC has its own interrupt which can be triggered when a conversion completes. The ADC access to
the Data Registers is prohibited between reading of ADCH and ADCL, the interrupt will trigger even if the
result is lost.



22.4. Starting a Conversion
A single conversion is started by writing a '0' to the Power Reduction ADC bit in the Power Reduction
Register (PRR.PRADC), and writing a '1' to the ADC Start Conversion bit in the ADC Control and Status
Register A (ADCSRA.ADSC). ADCS will stay high as long as the conversion is in progress, and will be
cleared by hardware when the conversion is completed. If a different data channel is selected while a
conversion is in progress, the ADC will finish the current conversion before performing the channel
change.



Alternatively, a conversion can be triggered automatically by various sources. Auto Triggering is enabled
by setting the ADC Auto Trigger Enable bit (ADCSRA.ADATE). The trigger source is selected by setting
the ADC Trigger Select bits in the ADC Control and Status Register B (ADCSRB.ADTS). See the
description of the ADCSRB.ADTS for a list of available trigger sources.



When a positive edge occurs on the selected trigger signal, the ADC prescaler is reset and a conversion
is started. This provides a method of starting conversions at fixed intervals. If the trigger signal still is set
when the conversion completes, a new conversion will not be started. If another positive edge occurs on
the trigger signal during conversion, the edge will be ignored. Note that an interrupt flag will be set even if
the specific interrupt is disabled or the Global Interrupt Enable bit in the AVR Status Register (SREG.I) is
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cleared. A conversion can thus be triggered without causing an interrupt. However, the Interrupt Flag
must be cleared in order to trigger a new conversion at the next interrupt event.



Figure 22-2. ADC Auto Trigger Logic
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Using the ADC Interrupt Flag as a trigger source makes the ADC start a new conversion as soon as the
ongoing conversion has finished. The ADC then operates in Free Running mode, constantly sampling
and updating the ADC Data Register. The first conversion must be started by writing a '1' to
ADCSRA.ADSC. In this mode the ADC will perform successive conversions independently of whether the
ADC Interrupt Flag (ADIF) is cleared or not.The free running mode is not allowed on the amplified
channels.



If Auto Triggering is enabled, single conversions can be started by writing ADCSRA.ADSC to '1'. ADSC
can also be used to determine if a conversion is in progress. The ADSC bit will be read as '1' during a
conversion, independently of how the conversion was started.



22.5. Prescaling and Conversion Timing
Figure 22-3. ADC Prescaler
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By default, the successive approximation circuitry requires an input clock frequency between 50kHz and
2MHz to get maximum resolution. If a lower resolution than 10 bits is needed, the input clock frequency to
the ADC can be higher than 2MHz to get a higher sample rate.
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The ADC module contains a prescaler, which generates an acceptable ADC clock frequency from any
CPU frequency above 100kHz. The prescaling is selected by the ADC Prescaler Select bits in the ADC
Control and Status Register A (ADCSRA.ADPS). The prescaler starts counting from the moment the ADC
is switched on by writing the ADC Enable bit ADCSRA.ADEN to '1'. The prescaler keeps running for as
long as ADEN=1, and is continuously reset when ADEN=0.



When initiating a single ended conversion by writing a '1' to the ADC Start Conversion bit
(ADCSRA.ADSC), the conversion starts at the following rising edge of the ADC clock cycle.



A normal conversion takes 13 ADC clock cycles. The first conversion after the ADC is switched on (i.e.,
ADCSRA.ADEN is written to '1') takes 25 ADC clock cycles in order to initialize the analog circuitry.



When the bandgap reference voltage is used as input to the ADC, it will take a certain time for the voltage
to stabilize. If not stabilized, the first value read after the first conversion may be wrong.



The actual sample-and-hold takes place 3.5 ADC clock cycles after the start of a normal conversion and
13.5 ADC clock cycles after the start of an first conversion. When a conversion is complete, the result is
written to the ADC Data Registers (ADCL and ADCH), and the ADC Interrupt Flag (ADCSRA.ADIF) is set.
In Single Conversion mode, ADCSRA.ADSC is cleared simultaneously. The software may then set
ADCSRA.ADSC again, and a new conversion will be initiated on the first rising ADC clock edge.



When Auto Triggering is used, the prescaler is reset when the trigger event occurs. This assures a fixed
delay from the trigger event to the start of conversion. In this mode, the sample-and-hold takes place two
ADC clock cycles after the rising edge on the trigger source signal. Three additional CPU clock cycles are
used for synchronization logic.



In Free Running mode, a new conversion will be started immediately after the conversion completes,
while ADCRSA.ADSC remains high. See also the ADC Conversion Time table below.



Figure 22-4. ADC Timing Diagram, First Conversion (Single Conversion Mode)
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Figure 22-5. ADC Timing Diagram, Single Conversion
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Figure 22-6. ADC Timing Diagram, Auto Triggered Conversion
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Figure 22-7. ADC Timing Diagram, Free Running Conversion
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Table 22-1. ADC Conversion Time



Condition Sample & Hold 
(Cycles from Start of Conversion)



Conversion Time 
(Cycles)



First conversion 13.5 25



Normal conversions, single ended 3.5 15.5



Auto Triggered conversions 2 16



22.6. Changing Channel or Reference Selection
The Analog Channel Selection bits (MUX) and the Reference Selection bits (REFS) bits in the ADC
Multiplexer Selection Register (ADMUX.MUX[3:0] and ADMUX.REFS[1:0]) are single buffered through a
temporary register to which the CPU has random access. This ensures that the channels and reference
selection only takes place at a safe point during the conversion. The channel and reference selection is
continuously updated until a conversion is started. Once the conversion starts, the channel and reference
selection is locked to ensure a sufficient sampling time for the ADC. Continuous updating resumes in the
last ADC clock cycle before the conversion completes (indicated by ADCSRA.ADIF set). Note that the
conversion starts on the following rising ADC clock edge after ADSC is written. The user is thus advised
not to write new channel or reference selection values to ADMUX until one ADC clock cycle after the ADC
Start Conversion bit (ADCRSA.ADSC) was written.



If Auto Triggering is used, the exact time of the triggering event can be indeterministic. Special care must
be taken when updating the ADMUX Register, in order to control which conversion will be affected by the
new settings.



If both the ADC Auto Trigger Enable and ADC Enable bits (ADCRSA.ADATE, ADCRSA.ADEN) are
written to '1', an interrupt event can occur at any time. If the ADMUX Register is changed in this period,
the user cannot tell if the next conversion is based on the old or the new settings. ADMUX can be safely
updated in the following ways:



1. When ADATE or ADEN is cleared.
1.1. During conversion, minimum one ADC clock cycle after the trigger event.
1.2. After a conversion, before the Interrupt Flag used as trigger source is cleared.



When updating ADMUX in one of these conditions, the new settings will affect the next ADC conversion.



Special care should be taken when changing differential channels. Once a differential channel has been
selected, the gain stage may take as much as 125 μs to stabilize to the new value. Thus conversions
should not be started within the first 125 μs after selecting a new differential channel. Alternatively,
conversion results obtained within this period should be discarded. The same settling time should be
observed for the first differential conversion after changing ADC reference (by changing the REFS[1:0]
bits in ADMUX).



22.6.1. ADC Input Channels
When changing channel selections, the user should observe the following guidelines to ensure that the
correct channel is selected:



• In Single Conversion mode, always select the channel before starting the conversion. The channel
selection may be changed one ADC clock cycle after writing one to ADSC. However, the simplest
method is to wait for the conversion to complete before changing the channel selection.



• In Free Running mode, always select the channel before starting the first conversion. The channel
selection may be changed one ADC clock cycle after writing one to ADSC. However, the simplest
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method is to wait for the first conversion to complete, and then change the channel selection. Since
the next conversion has already started automatically, the next result will reflect the previous
channel selection. Subsequent conversions will reflect the new channel selection.



• In Free Running mode, because the amplifier clear the ADSC bit at the end of an amplified
conversion, it is not possible to use the free running mode, unless ADSC bit is set again by soft at
the end of each conversion.



The user is advised not to write new channel or reference selection values during Free Running mode.



When switching to a differential gain channel, the first conversion result may have a poor accuracy due to
the required settling time for the automatic offset cancellation circuitry. The user should preferably
disregard the first conversion result.



22.6.2. ADC Voltage Reference
The reference voltage for the ADC (VREF) indicates the conversion range for the ADC. Single ended
channels that exceed VREF will result in codes close to 0x3FF. VREF can be selected as either AVCC,
internal 2.56V reference, or external AREF pin.



AVCC is connected to the ADC through a passive switch. The internal 2.56V reference is generated from
the internal bandgap reference (VBG) through an internal amplifier. In either case, the external AREF pin
is directly connected to the ADC, and the reference voltage can be made more immune to noise by
connecting a capacitor between the AREF pin and ground. VREF can also be measured at the AREF pin
with a high impedance voltmeter. Note that VREF is a high impedance source, and only a capacitive load
should be connected in a system.



If the user has a fixed voltage source connected to the AREF pin, the user may not use the other
reference voltage options in the application, as they will be shorted to the external voltage. If no external
voltage is applied to the AREF pin, the user may switch between AVCC and 2.56V as reference selection.
The first ADC conversion result after switching reference voltage source may be inaccurate, and the user
is advised to discard this result.



AREF pin is alternate function with ISRC Current Source output. When current source is selected, the
AREF pin is not connected to the internal reference voltage network. See AREFEN and ISRCEN bits in
ADCSRB – ADC Control and Status Register B.



If differential channels are used, the selected reference should not be closer to AVCC than indicated in
ADC Characteristics of Electrical Characteristics chapter.



22.7. ADC Noise Canceler
The ADC features a noise canceler that enables conversion during sleep mode to reduce noise induced
from the CPU core and other I/O peripherals. The noise canceler can be used with ADC Noise Reduction
and Idle mode. To make use of this feature, the following procedure should be used:



1. Make sure that the ADC is enabled and is not busy converting. Single Conversion mode must be
selected and the ADC conversion complete interrupt must be enabled.



2. Enter ADC Noise Reduction mode (or Idle mode). The ADC will start a conversion once the CPU
has been halted.



3. If no other interrupts occur before the ADC conversion completes, the ADC interrupt will wake up
the CPU and execute the ADC Conversion Complete interrupt routine. If another interrupt wakes up
the CPU before the ADC conversion is complete, that interrupt will be executed, and an ADC
Conversion Complete interrupt request will be generated when the ADC conversion completes. The
CPU will remain in active mode until a new sleep command is executed.
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Note:  The ADC will not be automatically turned off when entering other sleep modes than Idle mode and
ADC Noise Reduction mode. The user is advised to write zero to ADCRSA.ADEN before entering such
sleep modes to avoid excessive power consumption.



22.7.1. Analog Input Circuitry
The analog input circuitry for single ended channels is illustrated below. An analog source applied to
ADCn is subjected to the pin capacitance and input leakage of that pin, regardless of whether that
channel is selected as input for the ADC. When the channel is selected, the source must drive the S/H
capacitor through the series resistance (combined resistance in the input path).



The ADC is optimized for analog signals with an output impedance of approximately 10 kΩ or less. If such
a source is used, the sampling time will be negligible. If a source with higher impedance is used, the
sampling time will depend on how long time the source needs to charge the S/H capacitor, with can vary
widely. The user is recommended to only use low impedance sources with slowly varying signals, since
this minimizes the required charge transfer to the S/H capacitor.



Signal components higher than the Nyquist frequency (fADC/2) should not be present for either kind of
channels, to avoid distortion from unpredictable signal convolution. The user is advised to remove high
frequency components with a low-pass filter before applying the signals as inputs to the ADC.



Figure 22-8. Analog Input Circuitry
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22.7.2. Analog Noise Canceling Techniques
Digital circuitry inside and outside the device generates EMI which might affect the accuracy of analog
measurements. If conversion accuracy is critical, the noise level can be reduced by applying the following
techniques:



1. Keep analog signal paths as short as possible. Make sure analog tracks run over the ground plane,
and keep them well away from high-speed switching digital tracks.



2. The AVCC pin on the device should be connected to the digital VCC supply voltage via an LC
network as shown in the figure below.



3. Use the ADC noise canceler function to reduce induced noise from the CPU.
4. If any ADC port pins are used as digital outputs, it is essential that these do not switch while a



conversion is in progress.



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



311











Figure 22-9. ADC Power Connections
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22.7.3. Offset Compensation Schemes
The gain stage has a built-in offset cancellation circuitry that nulls the offset of differential measurements
as much as possible. The remaining offset in the analog path can be measured directly by selecting the
same channel for both differential inputs. This offset residue can be then subtracted in software from the
measurement results. Using this kind of software based offset correction, offset on any channel can be
reduced below one LSB.



22.7.4. ADC Accuracy Definitions
An n-bit single-ended ADC converts a voltage linearly between GND and VREF in 2n steps (LSBs). The
lowest code is read as 0, and the highest code is read as 2n-1.



Several parameters describe the deviation from the ideal behavior:



• Offset: The deviation of the first transition (0x000 to 0x001) compared to the ideal transition (at 0.5
LSB). Ideal value: 0 LSB.
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Figure 22-10. Offset Error
Output Code
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• Gain error: After adjusting for offset, the gain error is found as the deviation of the last transition
(0x3FE to 0x3FF) compared to the ideal transition (at 1.5 LSB below maximum). Ideal value: 0 LSB.



Figure 22-11. Gain Error
Output Code
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• Integral Non-linearity (INL): After adjusting for offset and gain error, the INL is the maximum
deviation of an actual transition compared to an ideal transition for any code. Ideal value: 0 LSB.



Figure 22-12. Integral Non-linearity (INL)
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• Differential Non-linearity (DNL): The maximum deviation of the actual code width (the interval
between two adjacent transitions) from the ideal code width (1 LSB). Ideal value: 0 LSB.



Figure 22-13. Differential Non-linearity (DNL)
Output Code
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• Quantization Error: Due to the quantization of the input voltage into a finite number of codes, a
range of input voltages (1 LSB wide) will code to the same value. Always ±0.5 LSB.



• Absolute accuracy: The maximum deviation of an actual (unadjusted) transition compared to an
ideal transition for any code. This is the compound effect of offset, gain error, differential error, non-
linearity, and quantization error. Ideal value: ±0.5 LSB.



22.8. ADC Conversion Result
After the conversion is complete (ADCSRA.ADIF is set), the conversion result can be found in the ADC
Result Registers (ADCL, ADCH).



For single ended conversion, the result isADC = �IN ⋅ 1024�REF
where VIN is the voltage on the selected input pin, and VREF the selected voltage reference (see also
descriptions of ADMUX.REFSn and ADMUX.MUX). 0x000 represents analog ground, and 0x3FF
represents the selected reference voltage minus one LSB.



If differential channels are used, the result is



ADC = ����− ���� ⋅ ���� ⋅ 512�REF
where VPOS is the voltage on the positive input pin, VNEG the voltage on the negative input pin, GAIN the
selected gain factor, and VREF the selected voltage reference. The result is presented in two’s
complement form, from 0x200 (-512d) through 0x1FF (+511d). Note that if the user wants to perform a
quick polarity check of the results, it is sufficient to read the MSB of the result (ADC9 in ADCH). If this bit
is one, the result is negative, and if this bit is zero, the result is positive. The figure below shows the
decoding of the differential input range.
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Figure 22-14. Differential Measurement Range
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The table below shows the resulting output codes if the differential input channel pair (ADCn - ADCm) is
selected with a gain of GAIN and a reference voltage of VREF.
Table 22-2. Correlation between Input Voltage and Output Codes



VADCn Read code Corresponding Decimal Value



VADCm + VREF/GAIN 0x1FF 511



VADCm + 0.999 VREF/GAIN 0x1FF 511



VADCm + 0.998 VREF/GAIN 0x1FE 510



... ... ...



VADCm + 0.001 VREF/GAIN 0x001 1



VADCm 0x000 0



VADCm - 0.001 VREF/GAIN 0x3FF -1



... ... ...



VADCm - 0.999 VREF/GAIN 0x201 -511



VADCm - VREF/GAIN 0x200 -512



Example:



ADMUX = 0xED (ADC3 - ADC2, 10× gain, 2.56V reference, left adjusted result)



Voltage on ADC3 is 300 mV, voltage on ADC2 is 500 mV.



ADCR = 512 × 10 × (300 - 500) / 2560 = -400 = 0x270



ADCL will thus read 0x00, and ADCH will read 0x9C.
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Writing zero to ADLAR right adjusts the result: ADCL = 0x70, ADCH = 0x02.



22.9. Temperature Measurement
The temperature measurement is based on an on-chip temperature sensor that is coupled to a single
ended Temperature sensor channel. Selecting the Temperature sensor channel by writing
ADMUX.MUX[4:0] to '10000' enables the temperature sensor. The internal 2.56V voltage reference must
also be selected for the ADC voltage reference source in the temperature sensor measurement. When
the temperature sensor is enabled, the ADC converter can be used in single conversion mode to
measure the voltage over the temperature sensor.



The measured voltage has a linear relationship to the temperature as described in the following table.
The voltage sensitivity is approximately 2.5mV/°C and the accuracy depends on the method of user
calibration. Typically, the measurement accuracy after a single temperature calibration is ±10°C,
assuming calibration at room temperature. Better accuracies are achieved by using two temperature
points for calibration.



Table 22-3. Temperature vs. Sensor Output Voltage (Typical Case)



Temperature -40°C +25°C +85°C



Voltage 600mV 762mV 912mV



The values described in the table above are typical values. However, due to process variations the
temperature sensor output voltage varies from one chip to another. To be capable of achieving more
accurate results the temperature measurement can be calibrated in the application software. The
software calibration requires that a calibration value is measured and stored in a register or EEPROM for
each chip, as a part of the production test. The software calibration can be done utilizing the formula:



T = k x [(ADCH << 8) | ADCL] - TOS



where ADCH and ADCL are the ADC data registers, T is temperature in Kelvin, k is a fixed coefficient and
TOS is the temperature sensor offset value determined and stored into EEPROM as a part of the
production test. Typically, k is very close to 1.0 and in single-point calibration the coefficient may be
omitted. Where higher accuracy is required the slope coefficient should be evaluated based on
measurements at two temperatures.



22.9.1. User Calibration
The software calibration requires that a calibration value is measured and stored in a register or
EEPROM for each chip. The software calibration can be done utilizing the formula:



T = {[(ADCH << 8) | ADCL] - TOS}/k



where ADCH and ADCL are the ADC data registers, k is a fixed coefficient and TOS is the temperature
sensor offset value determined and stored into EEPROM.



22.9.2. Manufacturing Calibration
One can also use the calibration values available in the signature row.



The calibration values are determined from values measured during test at hot temperature which is
approximately +85°C.



The temperature in Celsius degrees can be calculated utilizing the formula:



T = {[(ADCH << 8) | ADCL] × TSGAIN} + TSOFFSET - 273
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Where:
• ADCH and ADCL are the ADC data registers.
• TSGAIN is the temperature sensor gain (constant 1, or unsigned fixed point number, 0x80 =



decimal 1.0).
• TSOFFSET is the temperature sensor offset correction term (2. complement signed byte).



22.10. Amplifier
The Atmel ATmega16M1/32M1/64M1 features three differential amplified channels with programmable 5,
10, 20, and 40 gain stage.



Because the amplifiers are switching capacitor amplifiers, they need to be clocked by a synchronization
signal called in this document the amplifier synchronization clock. To ensure an accurate result, the
amplifier input needs to have a quite stable input value during at least four Amplifier synchronization clock
periods.



To ensure an accurate result, the amplifier input needs to have a quite stable input value at the sampling
point during at least four amplifier synchronization clock periods.



Amplified conversions can be synchronized to PSC events or to the internal clock CKADC equal to eighth
the ADC clock frequency. In case the synchronization is done the ADC clock divided by 8, this
synchronization is done automatically by the ADC interface in such a way that the sample-and-hold
occurs at a specific phase of CKADC2. A conversion initiated by the user (that is, all single conversions,
and the first free running conversion) when CKADC2 is low will take the same amount of time as a single
ended conversion (13 ADC clock cycles from the next prescaled clock cycle). A conversion initiated by
the user when CKADC2 is high will take 14 ADC clock cycles due to the synchronization mechanism.



The normal way to use the amplifier is to select a synchronization clock via the AMPxTS1:0 bits in the
AMPxCSR register. Then the amplifier can be switched on, and the amplification is done on each
synchronization event.



In order to start an amplified Analog to Digital Conversion on the amplified channel, the ADMUX must be
configured as specified on .



The ADC starting requirement is done by setting the ADSC bit of the ADCSRA Register.



Until the conversion is not achieved, it is not possible to start a conversion on another channel.



In order to have a better understanding of the functioning of the amplifier synchronization, two timing
diagram examples are shown below.



As soon as a conversion is requested thanks to the ADSC bit, the Analog to Digital Conversion is started.
In case the amplifier output is modified during the sample phase of the ADC, the on-going conversion is
aborted and restarted as soon as the output of the amplifier is stable. This ensure a fast response time.
The only precaution to take is to be sure that the trig signal (PSC) frequency is lower than ADCclk/4.
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Figure 22-15. Amplifier synchronization timing diagram. With change on analog input signal.
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Figure 22-16. Amplifier synchronization timing diagram. ADSC is set when the amplifier output is changing
due to the amplifier clock switch.
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In order to have a better understanding of the functioning of the amplifier synchronization, a timing
diagram example is shown in the figure above.



It is also possible to auto trigger conversion on the amplified channel. In this case, the conversion is
started at the next amplifier clock event following the last auto trigger event selected thanks to the ADTS
bits in the ADCSRB register. In auto trigger conversion, the free running mode is not possible unless the
ADSC bit in ADCSRA is set by soft after each conversion.



The block diagram of the two amplifiers is shown below.
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Figure 22-17. Amplifiers block diagram.
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22.11. Register Description
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22.11.1. ADC Multiplexer Selection Register



Name:  ADMUX
Offset:  0x7C
Reset:  0x00
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 REFS1 REFS0 ADLAR MUX4 MUX3 MUX2 MUX1 MUX0  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 7:6 – REFSn: ADC Reference Selection Bits
These bits select the voltage reference for the ADC. If these bits are changed during a conversion, the
change will not go in effect until this conversion is complete (ADIF in ADCSRA is set). The internal
voltage reference options may not be used if an external reference voltage is being applied to the AREF
pin.



Table 22-4. ADC Voltage Reference Selection



AREFEN ISRCEN REFS[1:0] Voltage Reference
Selection



1 0 00 External VREF on AREF
pin, Internal VREF is
switched off



1 0 01 AVCC with external
capacitor connected on
the AREF pin



0 0 01 AVCC (no external
capacitor connected on
the AREF pin)



1 0 10 Reserved



1 0 11 Internal 2.56V reference
voltage with external
capacitor connected on
the AREF pin



0 x 11 Internal 2.56V reference
voltage



If bits REFS1 and REFS0 are changed during a conversion, the change will not take effect until this
conversion is complete (it means while the ADIF bit in ADCSRA register is set). In case the internal Vref
is selected, it is turned ON as soon as an analog feature needed it is set.



Bit 5 – ADLAR: ADC Left Adjust Result
The ADLAR bit affects the presentation of the ADC conversion result in the ADC Data Register. Write one
to ADLAR to left adjust the result. Otherwise, the result is right adjusted. Changing the ADLAR bit will
affect the ADC Data Register immediately, regardless of any ongoing conversions. For a complete
description of this bit, see the ADCL and ADCH.
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Bits 4:0 – MUXn: ADC Channel Selection Bits
These four bits determine which analog inputs are connected to the ADC input. If these bits are changed
during a conversion, the change will not go in effect until this conversion is complete. (ADIF in ADCSRA
is set).



Table 22-5. ADC input channel selection



MUX[4:0] Single Ended Input



00000 ADC0



00001 ADC1



00010 ADC2



00011 ADC3



00100 ADC4



00101 ADC5



00110 ADC6



00111 ADC7



01000 ADC8



01001 ADC9



01010 ADC10



01011 Temperature sensor



01100 VCC/4



01101 ISRC



01110 AMP0



01111 AMP1 (- is ADC8, + is ADC9)



10000 AMP2 (- is ADC6)



10001 Bandgap



10010 GND



10011 Reserved



101xx Reserved



1xxxx Reserved
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22.11.2. ADC Control and Status Register A



Name:  ADCSRA
Offset:  0x7A
Reset:  0x00
Property:
 



r/w



Bit 7 6 5 4 3 2 1 0  
 ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – ADEN: ADC Enable
Writing this bit to one enables the ADC. By writing it to zero, the ADC is turned off. Turning the ADC off
while a conversion is in progress, will take effect at the end of the conversion.



Bit 6 – ADSC: ADC Start Conversion
In Single Conversion mode, write this bit to one to start each conversion. In Free Running mode, write
this bit to one to start the first conversion. The first conversion performs initialization of the ADC.



ADSC will read as one as long as a conversion is in progress. When the conversion is complete, it returns
to zero. Writing zero to this bit has no effect.



Bit 5 – ADATE: ADC Auto Trigger Enable
When this bit is written to one, Auto Triggering of the ADC is enabled. Clear it to return in single
conversion mode. The trigger source is selected by setting the ADC Trigger Select bits, ADTS in
ADCSRB.



Bit 4 – ADIF: ADC Interrupt Flag
This bit is set when an ADC conversion completes and the Data Registers are updated. The ADC
Conversion Complete Interrupt is executed if the ADIE bit and the I-bit in SREG are set. ADIF is cleared
by hardware when executing the corresponding interrupt handling vector. Alternatively, ADIF is cleared by
writing a logical one to the flag. Beware that if doing a Read-Modify-Write on ADCSRA, a pending
interrupt can be disabled. This also applies if the SBI and CBI instructions are used.



Bit 3 – ADIE: ADC Interrupt Enable
When this bit is written to one and the I-bit in SREG is set, the ADC Conversion Complete Interrupt is
activated.



Bits 2:0 – ADPSn: ADC Prescaler Select [n = 2:0]
These bits determine the division factor between the system clock frequency and the input clock to the
ADC.



Table 22-6. Input Channel Selection



ADPS[2:0] Division Factor



000 2



001 2



010 4
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ADPS[2:0] Division Factor



011 8



100 16



101 32



110 64



111 128
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22.11.3. ADC Control and Status Register B



Name:  ADCSRB
Offset:  0x7B
Reset:  0x00
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 ADHSM ISRCEN AREFEN  ADTS[3:0]  



Access R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0  



Bit 7 – ADHSM: ADC High Speed Mode
Writing this bit to one enables the ADC High Speed mode. Set this bit if you wish to convert with an ADC
clock frequency higher than 200kHz.



Bit 6 – ISRCEN: Current Source Enable
Set this bit to source a 100μA current to the AREF pin. Clear this bit to use AREF pin as Analog
Reference pin.



Bit 5 – AREFEN: Analog Reference pin Enable
Set this bit to connect the internal AREF circuit to the AREF pin. Clear this bit to disconnect the internal
AREF circuit from the AREF pin.



Bits 3:0 – ADTS[3:0]: ADC Auto Trigger Source Selection Bits
These bits are only necessary in case the ADC works in auto trigger mode. It means if ADATE bit in
ADCSRA register is set.



These three bits select the interrupt event which will generate the trigger of the start of conversion. The
start of conversion will be generated by the rising edge of the selected interrupt flag whether the interrupt
is enabled or not. In case of trig on PSCnASY event, there is no flag. So in this case a conversion will
start each time the trig event appears and the previous conversion is completed.



Value Description
0000 Free Running mode
0001 External interrupt request 0
0010 Timer/Counter0 compare match
0011 Timer/Counter0 overflow
0100 Timer/Counter1 compare Match B
0101 Timer/Counter1 overflow
0110 Timer/Counter1 capture event
0111 PSC Module 0 synchronization signal
1000 PSC Module 1 synchronization signal
1001 PSC Module 2 synchronization signal
1010 Analog comparator 0
1011 Analog comparator 1
1100 Analog comparator 2
1101 Analog comparator 3
1110 Reserved
1111 Reserved
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22.11.4. ADC Data Register Low and High Byte (ADLAR=0)
The ADCL and ADCH register pair represents the 16-bit value, ADC Data Register. The low byte [7:0]
(suffix L) is accessible at the original offset. The high byte [15:8] (suffix H) can be accessed at offset +
0x01. For more details on reading and writing 16-bit registers, refer to Accessing 16-bit Registers.



When an ADC conversion is complete, the result is found in these two registers.



If differential channels are used, the result is presented in two’s complement form.



When ADCL is read, the ADC Data Register is not updated until ADCH is read. Consequently, if the result
is left adjusted and no more than 8-bit precision is required, it is sufficient to read ADCH. Otherwise,
ADCL must be read first, then ADCH.



The ADLAR bit and the MUXn bits in ADMUX affect the way the result is read from the registers. If
ADLAR is set (ADLAR=1), the result is left adjusted. If ADLAR is cleared (ADLAR=0 which is the default
value), the result is right adjusted.



Name:  ADCL and ADCH
Offset:  0x78
Reset:  0x00
Property:
 



ADLAR = 0



Bit 15 14 13 12 11 10 9 8  
       ADC9 ADC8  



Access R R  
Reset 0 0  



Bit 7 6 5 4 3 2 1 0  
 ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADC1 ADC0  



Access R R R R R R R R  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 – ADCn: ADC Conversion Result
These bits represent the result from the conversion. Refer to ADC Conversion Result for details.
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22.11.5. ADC Data Register Low and High Byte (ADLAR=1)
The ADCL and ADCH register pair represents the 16-bit value, ADC Data Register. The low byte [7:0]
(suffix L) is accessible at the original offset. The high byte [15:8] (suffix H) can be accessed at offset +
0x01. For more details on reading and writing 16-bit registers, refer to Accessing 16-bit Registers.



When an ADC conversion is complete, the result is found in these two registers.



If differential channels are used, the result is presented in two’s complement form.



When ADCL is read, the ADC Data Register is not updated until ADCH is read. Consequently, if the result
is left adjusted and no more than 8-bit precision is required, it is sufficient to read ADCH. Otherwise,
ADCL must be read first, then ADCH.



The ADLAR bit and the MUXn bits in ADMUX affect the way the result is read from the registers. If
ADLAR is set (ADLAR=1), the result is left adjusted. If ADLAR is cleared (ADLAR=0 which is the default
value), the result is right adjusted.



Name:  ADCL and ADCH
Offset:  0x78
Reset:  0x00
Property:
 



ADLAR = 1



Bit 15 14 13 12 11 10 9 8  
 ADC9 ADC8 ADC7 ADC6 ADC5 ADC4 ADC3 ADC2  



Access R R R R R R R R  
Reset 0 0 0 0 0 0 0 0  



Bit 7 6 5 4 3 2 1 0  
 ADC1 ADC0        



Access R R  
Reset 0 0  



Bits 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 – ADCn: ADC Conversion Result
These bits represent the result from the conversion. Refer to ADC Conversion Result for details.
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22.11.6. Digital Input Disable Register 0
When the respective bits are written to logic one, the digital input buffer on the corresponding ADC pin is
disabled. The corresponding PIN Register bit will always read as zero when this bit is set. When an
analog signal is applied to the ADC7...0 pin and the digital input from this pin is not needed, this bit should
be written logic one to reduce power consumption in the digital input buffer.



Name:  DIDR0
Offset:  0x7E
Reset:  0x00
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
 ADC7D ADC6D ADC5D ADC4D ADC3D ADC2D ADC1D ADC0D  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7 – ADC0D, ADC1D, ADC2D, ADC3D, ADC4D, ADC5D, ADC6D, ADC7D: ADC
Digital Input Disable
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22.11.7. Digital Input Disable Register 1
When the respective bits are written to logic one, the digital input buffer on the corresponding ADC pin is
disabled. The corresponding PIN Register bit will always read as zero when this bit is set. When an
analog signal is applied to an analog pin and the digital input from this pin is not needed, this bit should
be written logic one to reduce power consumption in the digital input buffer.



Name:  DIDR1
Offset:  0x7F
Reset:  0x00
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
   ADC5D ADC4D ADC3D ADC2D ADC1D ADC0D  



Access R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5 – ADC0D, ADC1D, ADC2D, ADC3D, ADC4D, ADC5D: ADC Digital Input Disable
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22.11.8. Amplifier m Control and Status Register



Name:  AMP0CSR, AMP1CSR, AMP2CSR
Offset:  0x75 + n*0x01 [n=0..2]
Reset:  0x00
Property:
 



-



Bit 7 6 5 4 3 2 1 0  
 AMPmEN AMPmIS AMP0G[1:0] AMPCMPm AMPmTS[2:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – AMPmEN: Amplifier n Enable
Set this bit to enable the Amplifier m. Clear this bit to disable the Amplifier m. Clearing this bit while a
conversion is running will take effect at the end of the conversion.



Warning:  Always clear AMPmTS0:1 when clearing AMPmEN.



Bit 6 – AMPmIS: Amplifier m Input Shunt
Set this bit to short-circuit the Amplifier m input. Clear this bit to normally use the Amplifier m.



Bits 5:4 – AMPnG[1:0]: Amplifier m Gain Selection
These bits determine the gain of the amplifier m. To ensure an accurate result, after the gain value has
been changed, the amplifier input needs to have a quite stable input value during at least four Amplifier
synchronization clock periods.



Value Description
00 Gain 5
01 Gain 10
10 Gain 20
11 Gain 40



Bit 3 – AMPCMPm: Amplifier m - Comparator m connection
Set this bit to connect the amplifier m to the comparator m positive input. In this configuration the
comparator clock is adapted to the amplifier clock and AMPmTS[2:0] bits have no effect. Clear this bit to
normally use the Amplifier m.



Bits 2:0 – AMPmTS[2:0]: Amplifier m Clock Source Selection
These bits select the event which will generate the clock for the amplifier m. This clock source is
necessary to start the conversion on the amplified channel.



Value Description
000 ADC Clock/8
001 Timer/Counter0 compare match
010 Timer/Counter0 overflow
011 Timer/Counter1 compare Match B
100 Timer/Counter1 overflow
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Value Description
101 PSC Module 0 synchronization signal (PSS0)
110 PSC Module 1 synchronization signal (PSS1)
111 PSC Module 2 synchronization signal (PSS2)
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23. ISRC - Current Source



23.1. Features
• 100μA constant current source
• ±2% absolute accuracy



The Atmel ATmega16M1/32M1/64M1 features a 100μA ±2% current source. After RESET or up on
request, the current is flowing through an external resistor. The voltage can be measured on the
dedicated pin shared with the ADC. Using a resistor in series with a ≤0.5% tolerance is recommended. To
protect the device against big values, the ADC must be configured with AVCC as internal reference to
perform the first measurement. Afterwards, another internal reference can be chosen according to the
previous measured value to refine the result. When ISRCEN bit is set, the ISRC pin sources 100μA.
Otherwise this pin keeps its initial function.



Figure 23-1. Current source block diagram
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23.2. Typical Applications



23.2.1. LIN Current Source
During the configuration of a LIN node in a cluster, it may be necessary to attribute dynamically an unique
physical address to every cluster node. The way to do it is not described in the LIN protocol.



The Current Source offers an excellent solution to associate a physical address to the application
supported by the LIN node. A full dynamic node configuration can be used to set-up the LIN nodes in a
cluster.



Atmel ATmega16M1/32M1/64M1 proposes to have an external resistor used in conjunction with the
Current Source. The device measures the voltage to the boundaries of the resistance via the Analog to
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Digital converter. The resulting voltage defines the physical address that the communication handler will
use when the node will participate in LIN communication.



In automotive applications, distributed voltages are very disturbed. The internal Current Source solution of
ATmega16M1/32M1/64M1 immunizes the address detection against any kind of voltage variations.



Table 23-1. Example of resistor values (±5%) for a 8-address system (AVCC = 5V)



Physical address Resistor value
Rload [Ohm] (1)



Minimum voltage
measured [V]



Typical voltage
measured [V]



Maximum voltage
measured [V]



0 1 000 0.1



1 2 200 0.22



2 3 300 0.33



3 4 700 0.47



4 6 800 0.68



5 10 000 1



6 15 000 1.5



7 22 000 2.2



Table 23-2. Example of resistor values (±1%) for a 16-address system (AVCC = 5V)



Physical address Resistor value
Rload [Ohm] (1)



Minimum voltage
measured [V]



Typical voltage
measured [V]



Maximum voltage
measured [V]



0 2 000 0.2



1 2 400 0.24



2 2 700 0.27



3 3 300 0.33



4 3 900 0.39



5 4 700 0.47



6 5 600 0.56



7 6 800 0.68



8 8 200 0.82



9 9 100 0.91



10 11 000 1.1



11 13 000 1.3



12 16 000 1.6



13 18 000 1.8



14 20 000 2



15 24 000 2.4
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Note:  5V range: Max. Rload 30KΩ. 3V range: Max. Rload 15KΩ.



23.2.2. Voltage Reference for External Devices
An external resistor used in conjunction with the current source can be used as voltage reference for
external devices. Using a resistor in series with a lower tolerance than the Current Source accuracy
(≤2%) is recommended. The tables above give examples of voltage references using standard values of
resistors.



23.2.3. Threshold Reference for Internal Analog Comparator
An external resistor used in conjunction with the current source can be used as threshold reference for
the internal Analog Comparator. This can be connected to AIN0 (negative Analog Compare input pin) as
well as AIN1 (positive Analog Compare input pin). Using a resistor in series with a lower tolerance than
the Current Source accuracy (≤2%) is recommended. The tables above give examples of threshold
references using standard values of resistors.



23.3. Register Description
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23.3.1. ADC Control and Status Register B



Name:  ADCSRB
Offset:  0x7B
Reset:  0x00
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 ADHSM ISRCEN AREFEN  ADTS[3:0]  



Access R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0  



Bit 7 – ADHSM: ADC High Speed Mode
Writing this bit to one enables the ADC High Speed mode. Set this bit if you wish to convert with an ADC
clock frequency higher than 200kHz.



Bit 6 – ISRCEN: Current Source Enable
Set this bit to source a 100μA current to the AREF pin. Clear this bit to use AREF pin as Analog
Reference pin.



Bit 5 – AREFEN: Analog Reference pin Enable
Set this bit to connect the internal AREF circuit to the AREF pin. Clear this bit to disconnect the internal
AREF circuit from the AREF pin.



Bits 3:0 – ADTS[3:0]: ADC Auto Trigger Source Selection Bits
These bits are only necessary in case the ADC works in auto trigger mode. It means if ADATE bit in
ADCSRA register is set.



These three bits select the interrupt event which will generate the trigger of the start of conversion. The
start of conversion will be generated by the rising edge of the selected interrupt flag whether the interrupt
is enabled or not. In case of trig on PSCnASY event, there is no flag. So in this case a conversion will
start each time the trig event appears and the previous conversion is completed.



Value Description
0000 Free Running mode
0001 External interrupt request 0
0010 Timer/Counter0 compare match
0011 Timer/Counter0 overflow
0100 Timer/Counter1 compare Match B
0101 Timer/Counter1 overflow
0110 Timer/Counter1 capture event
0111 PSC Module 0 synchronization signal
1000 PSC Module 1 synchronization signal
1001 PSC Module 2 synchronization signal
1010 Analog comparator 0
1011 Analog comparator 1
1100 Analog comparator 2
1101 Analog comparator 3
1110 Reserved
1111 Reserved
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24. AC – analog comparator



24.1. Features
• Four analog comparators



• High speed clocked comparators



• ±30mV hysteresis



• Four reference levels



• Generating configurable interrupts



24.2. Overview
The Atmel ATmega16M1/32M1/64M1 features four fast analog comparators. The Analog Comparator
compares the input values on the positive pin ACMPx and negative pin ACMPM or ACMPMx.



Each comparator has a dedicated input on the positive input, and the negative input of each comparator
can be configured as:



• a steady value among the four internal reference levels defined by the VREF selected thanks to the
REFS1:0 bits in ADMUX register



• a value generated from the internal DAC
• an external analog input ACMPMx



When the voltage on the positive ACMPn pin is higher than the voltage selected by the ACnM multiplexer
on the negative input, the Analog Comparator output, ACnO, is set.



The comparator is a clocked comparator. A new comparison is done on the falling edge of CLKI/O or
CLKI/O/2. Depending on ACCKDIV fit of ACSR register, see ACSR.



Each comparator can trigger a separate interrupt, exclusive to the Analog Comparator. In addition, the
user can select Interrupt triggering on comparator output rise, fall or toggle.



The interrupt flags can also be used to synchronize ADC or DAC conversions.



Moreover, the comparator’s output of the Comparator 1 can be set to trigger the Timer/Counter1 Input
Capture function.



A block diagram of the four comparators and their surrounding logic is shown below.
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Figure 24-1. Analog comparator block diagram
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Note:  ADC multiplexer output: see teh ADMUX register.



Note:  Refer to the Pin Configuration for the analog comparator pin placement.



Note:  The voltage on VREF is defined in the ADMUX register.



Related Links
ADMUX on page 321
Pin configurations on page 9
Pin descriptions on page 10
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24.3. Use of ADC amplifiers
Thanks to AMPCMP0 configuration bit, Comparator 0 positive input can be connected to Amplifier O
output. In that case, the clock of Comparator 0 is adapted to the Amplifier 0 clock.



Thanks to AMPCMP1 configuration bit, Comparator 1 positive input can be connected to Amplifier 1
output. In that case, the clock of Comparator 1 is adapted to the Amplifier 1 clock.



Thanks to AMPCMP2 configuration bit, Comparator 2 positive input can be connected to Amplifier 2
output. In that case, the clock of Comparator 2 is adapted to the Amplifier 2 clock.



Related Links
AMP0CSR, AMP1CSR, AMP2CSR on page 330



24.4. Register Description
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24.4.1. Analog Comparator 0 Control Register



Name:  AC0CON
Offset:  0x94
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 AC0EN AC0IE AC0IS[1:0] ACCKSEL AC0M[2:0]  



Access  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – AC0EN: Analog Comparator 0 Enable Bit



Value Description
1 Enable the Analog Comparator 0.
0 Disable the Analog Comparator 0.



Bit 6 – AC0IE: Analog Comparator 0 Interrupt Enable bit



Value Description
1 Enable the Analog Comparator 0 interrupt.
0 Disable the Analog Comparator 0 interrupt.



Bits 5:4 – AC0IS[1:0]: Analog Comparator 0 Interrupt Select bit
These two bits determine the sensitivity of the interrupt trigger.



Value Description
00 Comparator Interrupt on output toggle
01 Reserved
10 Comparator interrupt on output falling edge
11 Comparator interrupt on output rising edge



Bit 3 – ACCKSEL: Analog Comparator Clock Select



Value Description
1 Use the PLL output as comparator clock.
0 use the CLKIO as comparator clock.



Bits 2:0 – AC0M[2:0]: Analog Comparator 0 Multiplexer register
These three bits determine the input of the negative input of the analog comparator.



Value Description
000 “VREF”/6.40
001 “VREF”/3.20
010 “VREF”/2.13
011 “VREF”/1.60
100 Bandgap (1.1V)
101 DAC result
110 Analog comparator negative input (ACMPM pin)
111 Reserved
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24.4.2. Analog Comparator 1 Control Register



Name:  AC1CON
Offset:  0x95
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 AC1EN AC1IE AC1IS[1:0] AC1ICE AC1M[2:0]  



Access  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – AC1EN: Analog Comparator 1 Enable Bit



Value Description
1 Enable the Analog Comparator 1.
0 Disable the Analog Comparator 1.



Bit 6 – AC1IE: Analog Comparator 1 Interrupt Enable bit



Value Description
1 Enable the Analog Comparator 1 interrupt.
0 Disable the Analog Comparator 1 interrupt.



Bits 5:4 – AC1IS[1:0]: Analog Comparator 1 Interrupt Select bit
These two bits determine the sensitivity of the interrupt trigger.



Value Description
00 Comparator Interrupt on output toggle
01 Reserved
10 Comparator interrupt on output falling edge
11 Comparator interrupt on output rising edge



Bit 3 – AC1ICE: Analog Comparator 1 Interrupt Capture Enable bit
Set this bit to enable the input capture of the Timer/Counter1 on the analog comparator event. The
comparator output is in this case directly connected to the input capture front-end logic, making the
comparator utilize the noise canceler and edge select features of the Timer/Counter1 Input Capture
interrupt. To make the comparator trigger the Timer/Counter1 Input Capture interrupt, the ICIE1 bit in the
Timer Interrupt Mask Register (TIMSK1) must be set.



In case ICES1 bit is set high, the rising edge of AC1O is the capture/trigger event of the Timer/Counter1,
in case ICES1 is set to zero, it is the falling edge which is taken into account.



Clear this bit to disable this function. In this case, no connection between the analog comparator and the
input capture function exists.



Bits 2:0 – AC1M[2:0]: Analog Comparator 1 Multiplexer register
These three bits determine the input of the negative input of the analog comparator.



Value Description
000 “VREF”/6.40
001 “VREF”/3.20



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



340











Value Description
010 “VREF”/2.13
011 “VREF”/1.60
100 Bandgap (1.1V)
101 DAC result
110 Analog comparator negative input (ACMPM pin)
111 Reserved
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24.4.3. Analog Comparator 2 Control Register



Name:  AC2CON
Offset:  0x96
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 AC2EN AC1IE AC2IS[1:0]  AC2M[2:0]  



Access  
Reset 0 0 0 0 0 0 0  



Bit 7 – AC2EN: Analog Comparator 2 Enable Bit



Value Description
1 Enable the Analog Comparator 2.
0 Disable the Analog Comparator 2.



Bit 6 – AC1IE: Analog Comparator 2 Interrupt Enable bit



Value Description
1 Enable the Analog Comparator 2 interrupt.
0 Disable the Analog Comparator 2 interrupt.



Bits 5:4 – AC2IS[1:0]: Analog Comparator 2 Interrupt Select bit
These two bits determine the sensitivity of the interrupt trigger.



Value Description
00 Comparator Interrupt on output toggle
01 Reserved
10 Comparator interrupt on output falling edge
11 Comparator interrupt on output rising edge



Bits 2:0 – AC2M[2:0]: Analog Comparator 2 Multiplexer register
These three bits determine the input of the negative input of the analog comparator.



Value Description
000 “VREF”/6.40
001 “VREF”/3.20
010 “VREF”/2.13
011 “VREF”/1.60
100 Bandgap (1.1V)
101 DAC result
110 Analog comparator negative input (ACMPM pin)
111 Reserved
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24.4.4. Analog Comparator 3 Control Register



Name:  AC3CON
Offset:  0x97
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 AC3EN AC3IE AC3IS[1:0]  AC3M[2:0]  



Access  
Reset 0 0 0 0 0 0 0  



Bit 7 – AC3EN: Analog Comparator 3 Enable Bit



Value Description
1 Enable the Analog Comparator 3.
0 Disable the Analog Comparator 3.



Bit 6 – AC3IE: Analog Comparator 3 Interrupt Enable bit



Value Description
1 Enable the Analog Comparator 3 interrupt.
0 Disable the Analog Comparator 3 interrupt.



Bits 5:4 – AC3IS[1:0]: Analog Comparator 3 Interrupt Select bit
These two bits determine the sensitivity of the interrupt trigger.



Value Description
00 Comparator Interrupt on output toggle
01 Reserved
10 Comparator interrupt on output falling edge
11 Comparator interrupt on output rising edge



Bits 2:0 – AC3M[2:0]: Analog Comparator 3 Multiplexer register
These three bits determine the input of the negative input of the analog comparator.



Value Description
000 “VREF”/6.40
001 “VREF”/3.20
010 “VREF”/2.13
011 “VREF”/1.60
100 Bandgap (1.1V)
101 DAC result
110 Analog comparator negative input (ACMPM pin)
111 Reserved
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24.4.5. Analog Comparator Status Register



Name:  ACSR
Offset:  0x50
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 AC3IF AC2IF AC1IF AC0IF AC3O AC2O AC1O AC0O  



Access  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – AC3IF: Analog Comparator 3 Interrupt Flag Bit
This bit is set by hardware when Comparator 3 output event triggers off the interrupt mode defined by
AC3IS1 and AC3IS0 bits in AC3CON register.



This bit is cleared by hardware when the corresponding interrupt vector is executed in case the AC3IE in
AC3CON register is set. Anyway, this bit is cleared by writing a logical one on it.



This bit can also be used to synchronize ADC or DAC conversions.



Bit 6 – AC2IF: Analog Comparator 2 Interrupt Flag Bit
This bit is set by hardware when Comparator 2 output event triggers off the interrupt mode defined by
AC2IS1 and AC2IS0 bits in AC2CON register.



This bit is cleared by hardware when the corresponding interrupt vector is executed in case the AC2IE in
AC2CON register is set. Anyway, this bit is cleared by writing a logical one on it.



This bit can also be used to synchronize ADC or DAC conversions.



Bit 5 – AC1IF: Analog Comparator 1 Interrupt Flag Bit
This bit is set by hardware when Comparator 1 output event triggers off the interrupt mode defined by
AC1IS1 and AC1IS0 bits in AC1CON register.



This bit is cleared by hardware when the corresponding interrupt vector is executed in case the AC1IE in
AC1CON register is set. Anyway, this bit is cleared by writing a logical one on it.



This bit can also be used to synchronize ADC or DAC conversions.



Bit 4 – AC0IF: Analog Comparator 0 Interrupt Flag Bit
This bit is set by hardware when Comparator 0 output event triggers off the interrupt mode defined by
AC0IS1 and AC0IS0 bits in AC0CON register.



This bit is cleared by hardware when the corresponding interrupt vector is executed in case the AC3IE in
AC3CON register is set. Anyway, this bit is cleared by writing a logical one on it.



This bit can also be used to synchronize ADC or DAC conversions.



Bit 3 – AC3O: AC3O bit is directly the output of the Analog Comparator 3.



Value Description
1 The output of the comparator is high.
0 The output comparator is low.



Bit 2 – AC2O: AC2O bit is directly the output of the Analog Comparator 2.



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



344











Value Description
1 The output of the comparator is high.
0 The output comparator is low.



Bit 1 – AC1O: AC1O bit is directly the output of the Analog Comparator 1.



Value Description
1 The output of the comparator is high.
0 The output comparator is low.



Bit 0 – AC0O: AC0O bit is directly the output of the Analog Comparator 0.



Value Description
1 The output of the comparator is high.
0 The output comparator is low.
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24.4.6. Digital Input Disable Register 0



Name:  DIDR0
Offset:  0x7E
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
  ACMPN1D ACMPN0D  ACMPN2D ACMP2D  ACMPN3D  



Access  
Reset 0 0 0 0 0  



Bit 6 – ACMPN1D: ACMPN1 Digital Input Disable
When this bit is written logic one, the digital input buffer on the corresponding analog pin is disabled. The
corresponding PIN Register bit will always read as zero when this bit is set. When an analog signal is
applied to one of these pins and the digital input from this pin is not needed, this bit should be written
logic one to reduce power consumption in the digital input buffer.



Bit 5 – ACMPN0D: ACMPN0 Digital Input Disable
When this bit is written logic one, the digital input buffer on the corresponding analog pin is disabled. The
corresponding PIN Register bit will always read as zero when this bit is set. When an analog signal is
applied to one of these pins and the digital input from this pin is not needed, this bit should be written
logic one to reduce power consumption in the digital input buffer.



Bit 3 – ACMPN2D: ACMPN2 Digital Input Disable
When this bit is written logic one, the digital input buffer on the corresponding analog pin is disabled. The
corresponding PIN Register bit will always read as zero when this bit is set. When an analog signal is
applied to one of these pins and the digital input from this pin is not needed, this bit should be written
logic one to reduce power consumption in the digital input buffer.



Bit 2 – ACMP2D: ACMP2 Digital Input Disable
When this bit is written logic one, the digital input buffer on the corresponding analog pin is disabled. The
corresponding PIN Register bit will always read as zero when this bit is set. When an analog signal is
applied to one of these pins and the digital input from this pin is not needed, this bit should be written
logic one to reduce power consumption in the digital input buffer.



Bit 0 – ACMPN3D: ACMPN3 Digital Input Disable
When this bit is written logic one, the digital input buffer on the corresponding analog pin is disabled. The
corresponding PIN Register bit will always read as zero when this bit is set. When an analog signal is
applied to one of these pins and the digital input from this pin is not needed, this bit should be written
logic one to reduce power consumption in the digital input buffer.
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24.4.7. Digital Input Disable Register 1



Name:  DIDR1
Offset:  0x7F
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
   ACMP0D   ACMP1PD ACMP3PD ACMPN3D  



Access  
Reset 0 0 0 0  



Bit 5 – ACMP0D: ACMP0 Digital Input Disable
When this bit is written logic one, the digital input buffer on the corresponding analog pin is disabled. The
corresponding PIN Register bit will always read as zero when this bit is set. When an analog signal is
applied to one of these pins and the digital input from this pin is not needed, this bit should be written
logic one to reduce power consumption in the digital input buffer.



Bit 2 – ACMP1PD: ACMP1P Digital Input Disable
When this bit is written logic one, the digital input buffer on the corresponding analog pin is disabled. The
corresponding PIN Register bit will always read as zero when this bit is set. When an analog signal is
applied to one of these pins and the digital input from this pin is not needed, this bit should be written
logic one to reduce power consumption in the digital input buffer.



Bit 2 – ACMP2D: ACMP2 Digital Input Disable
When this bit is written logic one, the digital input buffer on the corresponding analog pin is disabled. The
corresponding PIN Register bit will always read as zero when this bit is set. When an analog signal is
applied to one of these pins and the digital input from this pin is not needed, this bit should be written
logic one to reduce power consumption in the digital input buffer.



Bit 1 – ACMP3PD: ACMP3P Digital Input Disable
When this bit is written logic one, the digital input buffer on the corresponding analog pin is disabled. The
corresponding PIN Register bit will always read as zero when this bit is set. When an analog signal is
applied to one of these pins and the digital input from this pin is not needed, this bit should be written
logic one to reduce power consumption in the digital input buffer.



Bit 0 – ACMPN3D: ACMPN3 Digital Input Disable
When this bit is written logic one, the digital input buffer on the corresponding analog pin is disabled. The
corresponding PIN Register bit will always read as zero when this bit is set. When an analog signal is
applied to one of these pins and the digital input from this pin is not needed, this bit should be written
logic one to reduce power consumption in the digital input buffer.
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25. DAC – Digital to Analog Converter



25.1. Features
• 10-bits resolution
• 8-bits linearity
• ±0.5LSB accuracy between 100mV and AVCC - 100mV
• Vout = DAC × VREF/1023
• The DAC could be connected to the negative inputs of the analog comparators and/or to a



dedicated output driver
• The output impedance of the driver is around 100Ohm. So the driver is able to load a 1nF



capacitance in parallel with a resistor higher than 33K with a time constant around 1μs



25.2. Overview
The Atmel ATmega16M1/32M1/64M1 features a 10-bit Digital to Analog Converter. This DAC can be
used for the analog comparators and/or can be output on the D2A pin of the microcontroller via a
dedicated driver.



The DAC has a separate analog supply voltage pin, AVCC. AVCC must not differ more than ±0.3V from
VCC. See the ADC description for how to connect this pin.



The reference voltage is the same as the one used for the ADC, see the description in the ADMUX
register. These nominally 2.56V VREF or AVCC are provided On-chip. The voltage reference may be
externally decoupled at the AREF pin by a capacitor for better noise performance.
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Figure 25-1. Digital to analog converter block schematic
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Related Links
ADC Noise Canceler on page 310
Analog Input Circuitry on page 311
Analog Noise Canceling Techniques on page 311
Offset Compensation Schemes on page 312
ADC Accuracy Definitions on page 312
ADMUX on page 321



25.3. Operation
The digital to analog converter generates an analog signal proportional to the value of the DAC registers
value.
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In order to have an accurate sampling frequency control, there is the possibility to update the DAC input
values through different trigger events.



25.4. Starting a conversion
The DAC is configured thanks to the DACON register. As soon as the DAEN bit in DACON register is set,
the DAC converts the value present on the DACH and DACL registers in accordance with the register
DACON setting.



Alternatively, a conversion can be triggered automatically by various sources. Auto Triggering is enabled
by setting the DAC Auto Trigger Enable bit, DAATE in DACON. The trigger source is selected by setting
the DAC Trigger Select bits, DATS in DACON (See description of the DATS bits for a list of the trigger
sources). When a positive edge occurs on the selected trigger signal, the DAC converts the value present
on the DACH and DACL registers in accordance with the register DACON setting. This provides a
method of starting conversions at fixed intervals. If the trigger signal is still set when the conversion
completes, a new conversion will not be started. If another positive edge occurs on the trigger signal
during conversion, the edge will be ignored. Note that an interrupt flag will be set even if the specific
interrupt is disabled or the Global Interrupt Enable bit in SREG is cleared. A conversion can thus be
triggered without causing an interrupt. However, the interrupt flag must be cleared in order to trigger a
new conversion at the next interrupt event.



25.4.1. DAC voltage reference
The reference voltage for the ADC (VREF) indicates the conversion range for the DAC. VREF can be
selected as either AVCC, internal 2.56V reference, or external AREF pin.



AVCC is connected to the DAC through a passive switch. The internal 2.56V reference is generated from
the internal bandgap reference (VBG) through an internal amplifier. In either case, the external AREF pin
is directly connected to the DAC, and the reference voltage can be made more immune to noise by
connecting a capacitor between the AREF pin and ground. VREF can also be measured at the AREF pin
with a high impedance voltmeter. Note that VREF is a high impedance source, and only a capacitive load
should be connected in a system.



If the user has a fixed voltage source connected to the AREF pin, the user may not use the other
reference voltage options in the application, as they will be shorted to the external voltage. If no external
voltage is applied to the AREF pin, the user may switch between AVCC and 2.56V as reference selection.
The first DAC conversion result after switching reference voltage source may be inaccurate, and the user
is advised to discard this result.



25.5. Register Description
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25.5.1. Digital to Analog Conversion Control Register



Name:  DACON
Offset:  0x90
Reset:  0x0
Property:
 



R/W



Bit 7 6 5 4 3 2 1 0  
 DAATE DATS[2:0]  DALA DAOE DAEN  



Access  
Reset 0 0 0 0 0 0 0  



Bit 7 – DAATE: DAC Auto Trigger Enable
Set this bit to update the DAC input value on the positive edge of the trigger signal selected with the
DACTS2-0 bit in DACON register. Clear it to automatically update the DAC input when a value is written
on DACH register.



Bits 6:4 – DATS[2:0]: DAC Trigger Selection
These bits are only necessary in case the DAC works in auto trigger mode. It means if DAATE bit is set.
These three bits select the interrupt event which will generate the update of the DAC input values. The
update will be generated by the rising edge of the selected interrupt flag whether the interrupt is enabled
or not.



Value Description
000 Analog Comparator 0
001 Analog Comparator 1
010 External Interrupt Request 0
011 Timer/Counter0 compare Match
100 Timer/Counter0 Overflow
101 Timer/Counter1 compare Match B
110 Timer/Counter1 overflow
111 Timer/Counter1 capture event



Bit 2 – DALA: Digital to Analog Left Adjust
Set this bit to left adjust the DAC input data. Clear it to right adjust the DAC input data. The DALA bit
affects the configuration of the DAC data registers. Changing this bit affects the DAC output on the next
DACH writing.



Bit 1 – DAOE: Digital to Analog Output Enable
Set this bit to output the conversion result on D2A. Clear it to use the DAC internally.



Bit 0 – DAEN: Digital to Analog Enable
Set this bit to enable the DAC. Clear it to disable the DAC
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25.5.2. Digital to Analog Converter input Register
DACH and DACL registers contain the value to be converted into analog voltage. Writing the DACL
register prohibits the update of the input value until DACH has not been written too. So the normal way to
write a 10-bit value in the DAC register is firstly to write DACL the DACH. In order to work easily with only
eight bits, there is the possibility to left adjust the input value. Like this it is sufficient to write DACH to
update the DAC value.



To work with the 10-bit DAC, two registers have to be updated. In order to avoid intermediate value, the
DAC input values which are really converted into analog signal are buffered into unreachable registers. In
normal mode, the update of the shadow register is done when the register DACH is written.



In case DAATE bit is set, the DAC input values will be updated on the trigger event selected through
DATS bits.



In order to avoid wrong DAC input values, the update can only be done after having written respectively
DACL and DACH registers. It is possible to work on 8-bit configuration by only writing the DACH value. In
this case, update is done each trigger event.



In case DAATE bit is cleared, the DAC is in an automatic update mode. Writing the DACH register
automatically update the DAC input values with the DACH and DACL register values.



It means that whatever is the configuration of the DAATE bit, changing the DACL register has no effect on
the DAC output until the DACH register has also been updated. So, to work with 10 bits, DACL must be
written first before DACH. To work with 8-bit configuration, writing DACH allows the update of the DAC.



Name:  DAC
Offset:  0x91
Reset:  0x0
Property:
 



R/W



Bit 15 14 13 12 11 10 9 8  
       DAC9 DAC8  



Access  
Reset 0 0  



Bit 7 6 5 4 3 2 1 0  
 DAC7 DAC6 DAC5 DAC4 DAC3 DAC2 DAC1 DAC0  



Access  
Reset 0 0 0 0 0 0 0 0  



Bits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 – DACn: DAC Value
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26. DBG - debugWIRE On-chip Debug System



26.1. Features
• Complete Program Flow Control
• Emulates All On-chip Functions, Both Digital and Analog, except RESET Pin
• Real-time Operation
• Symbolic Debugging Support (Both at C and Assembler Source Level, or for Other HLLs)
• Unlimited Number of Program Break Points (Using Software Break Points)
• Non-intrusive Operation
• Electrical Characteristics Identical to Real Device
• Automatic Configuration System
• High-speed Operation
• Programming of Non-volatile Memories



26.2. Overview
The debugWIRE On-chip debug system uses a wire with bi-directional interface to control the program
flow and execute AVR instructions in the CPU and to program the different non-volatile memories.



26.3. Physical Interface
When the debugWIRE Enable (DWEN) bit is programmed to '0' and Lock bits are unprogrammed ('1'), the
debugWIRE system within the target device is activated. The RESET port pin is configured as a wire-
AND (open-drain) bi-directional I/O pin with pull-up enabled and becomes the communication gateway
between target and emulator.



Figure 26-1. The debugWIRE Setup



dW



GND



dW(RESET)



VCC



1.8 - 5.5V
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The debugWIRE Setup shows the schematic of a target MCU, with debugWIRE enabled, and the
emulator connector. The system clock is not affected by debugWIRE and will always be the clock source
selected by the CKSEL Fuses.



When designing a system where debugWIRE will be used, the following observations must be made for
correct operation:



• Pull-up resistors on the dW/(RESET) line must not be smaller than 10kΩ. The pull-up resistor is not
required for debugWIRE functionality



• Connecting the RESET pin directly to VCC will not work.
• Capacitors connected to the RESET pin must be disconnected when using debugWire.
• All external reset sources must be disconnected.



26.4. Software Break Points
debugWIRE supports Break Points function in Program Memory by the AVR Break instruction. Setting a
break point in Atmel Studio will insert a BREAK instruction in the Program Memory. The Instruction
replaced by the BREAK instruction will be stored. When program execution is continued, the stored
instruction will be executed before continuing from the Program Memory. A break can be inserted
manually by putting the BREAK instruction in the program.



The Flash must be re-programmed each time when a Break Point is changed. This is automatically
handled by Atmel Studio through the debugWIRE interface. The use of Break Points will therefore reduce
the Flash Data retention. Devices used for debugging purposes should not be shipped to end customers.



26.5. Limitations of debugWIRE
The debugWIRE communication pin (dW) is physically located on the same pin as External Reset
(RESET). An External Reset source is therefore not supported when the debugWIRE is enabled.



A programmed DWEN Fuse enables some parts of the clock system to be running in all sleep modes.
This will increase the power consumption while in sleep. Thus, the DWEN Fuse should be disabled when
debugWire is not used.



26.6. Register Description
The following section describes the registers used with the debugWire.
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26.6.1. debugWire Data Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  DWDR
Offset:  0x51
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x31



Bit 7 6 5 4 3 2 1 0  
 DWDR[7:0]  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bits 7:0 – DWDR[7:0]: debugWire Data
The DWDR Register provides a communication channel from the running program in the MCU to the
debugger. This register is only accessible by the debugWIRE and can therefore not be used as a general
purpose register in the normal operations.
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27. BTLDR - Boot Loader Support – Read-While-Write Self-Programming



27.1. Features
• Read-While-Write Self-Programming
• Flexible Boot Memory Size
• High Security (Separate Boot Lock Bits for a Flexible Protection)
• Separate Fuse to Select Reset Vector
• Optimized Page(1) Size
• Code Efficient Algorithm
• Efficient Read-Modify-Write Support



Note:  1. A page is a section in the Flash consisting of several bytes (see Table. No. of Words in a Page
and No. of Pages in the Flash in Page Size) used during programming. The page organization does not
affect normal operation.



27.2. Overview
In this device, the Boot Loader Support provides a real Read-While-Write Self-Programming mechanism
for downloading and uploading program code by the MCU itself. This feature allows flexible application
software updates controlled by the MCU using a Flash-resident Boot Loader program. The Boot Loader
program can use any available data interface and associated protocol to read code and write (program)
that code into the Flash memory, or read the code from the program memory. The program code within
the Boot Loader section has the capability to write into the entire Flash, including the Boot Loader
memory. The Boot Loader can thus even modify itself, and it can also erase itself from the code if the
feature is not needed anymore. The size of the Boot Loader memory is configurable with fuses and the
Boot Loader has two separate sets of Boot Lock bits which can be set independently. This gives the user
a unique flexibility to select different levels of protection.



27.3. Application and Boot Loader Flash Sections
The Flash memory is organized in two main sections, the Application section and the Boot Loader
section. The size of the different sections is configured by the BOOTSZ Fuses. These two sections can
have different level of protection since they have different sets of Lock bits.



27.3.1. Application Section
The Application section is the section of the Flash that is used for storing the application code. The
protection level for the Application section can be selected by the application Boot Lock bits (Boot Lock
bits 0). The Application section can never store any Boot Loader code since the SPM instruction is
disabled when executed from the Application section.



27.3.2. BLS – Boot Loader Section
While the Application section is used for storing the application code, the Boot Loader software must be
located in the BLS since the SPM instruction can initiate a programming when executing from the BLS
only. The SPM instruction can access the entire Flash, including the BLS itself. The protection level for
the Boot Loader section can be selected by the Boot Loader Lock bits (Boot Lock bits 1).
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27.4. Read-While-Write and No Read-While-Write Flash Sections
Whether the CPU supports Read-While-Write or if the CPU is halted during a Boot Loader software
update is dependent on which address that is being programmed. In addition to the two sections that are
configurable by the BOOTSZ Fuses as described above, the Flash is also divided into two fixed sections,
the Read-While-Write (RWW) section and the No Read-While-Write (NRWW) section. The limit between
the RWW- and NRWW sections is given in the Boot Loader Parameters section and Figure 27-2. The
main difference between the two sections is:



• When erasing or writing a page located inside the RWW section, the NRWW section can be read
during the operation



• When erasing or writing a page located inside the NRWW section, the CPU is halted during the
entire operation



The user software can never read any code that is located inside the RWW section during a Boot Loader
software operation. The syntax “Read-While-Write section” refers to which section that is being
programmed (erased or written), not which section that actually is being read during a Boot Loader
software update.



Related Links
ATmega16M1 Boot Loader Parameters on page 368
ATmega32M1 Boot Loader Parameters on page 370
ATmega64M1 Boot Loader Parameters on page 371



27.4.1. RWW – Read-While-Write Section
If a Boot Loader software update is programming a page inside the RWW section, it is possible to read
code from the Flash, but only code that is located in the NRWW section. During an on-going
programming, the software must ensure that the RWW section never is being read. If the user software is
trying to read code that is located inside the RWW section (i.e., by a call/jmp/lpm or an interrupt) during
programming, the software might end up in an unknown state. To avoid this, the interrupts should either
be disabled or moved to the Boot Loader section. The Boot Loader section is always located in the
NRWW section. The RWW Section Busy bit (RWWSB) in the Store Program Memory Control and Status
Register (SPMCSR) will be read as logical one as long as the RWW section is blocked for reading. After
a programming is completed, the RWWSB must be cleared by software before reading code located in
the RWW section. Please refer to SPMCSR – Store Program Memory Control and Status Register in this
chapter for details on how to clear RWWSB.



27.4.2. NRWW – No Read-While-Write Section
The code located in the NRWW section can be read when the Boot Loader software is updating a page in
the RWW section. When the Boot Loader code updates the NRWW section, the CPU is halted during the
entire Page Erase or Page Write operation.



Table 27-1. Read-While-Write Features



Which Section does the Z-
pointer Address during the
Programming?



Which Section can be read
during Programming?



CPU Halted? Read-While-Write
Supported?



RWW Section NRWW Section No Yes



NRWW Section None Yes No
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Figure 27-1. Read-While-Write vs. No Read-While-Write
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Figure 27-2. Memory Sections
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Related Links
ATmega16M1 Boot Loader Parameters on page 368
ATmega32M1 Boot Loader Parameters on page 370
ATmega64M1 Boot Loader Parameters on page 371



27.5. Boot Loader Lock Bits
If no Boot Loader capability is needed, the entire Flash is available for application code. The Boot Loader
has two separate sets of Boot Lock bits which can be set independently. This gives the user a unique
flexibility to select different levels of protection.



The user can select:
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• To protect the entire Flash from a software update by the MCU
• To protect only the Boot Loader Flash section from a software update by the MCU
• To protect only the Application Flash section from a software update by the MCU
• Allow software update in the entire Flash



The Boot Lock bits can be set in software and in Serial or Parallel Programming mode, but they can be
cleared by a Chip Erase command only. The general Write Lock (Lock Bit mode 2) does not control the
programming of the Flash memory by SPM instruction. Similarly, the general Read/Write Lock (Lock Bit
mode 1) does not control reading nor writing by LPM/SPM, if it is attempted.



Table 27-2. Boot Lock Bit0 Protection Modes (Application Section)



BLB0
Mode



BLB02 BLB01 Protection



1 1 1 No restrictions for SPM or LPM accessing the Application section.



2 1 0 SPM is not allowed to write to the Application section.



3 0 0 SPM is not allowed to write to the Application section, and LPM executing
from the Boot Loader section is not allowed to read from the Application
section. If Interrupt Vectors are placed in the Boot Loader section,
interrupts are disabled while executing from the Application section.



4 0 1 LPM executing from the Boot Loader section is not allowed to read from
the Application section. If Interrupt Vectors are placed in the Boot Loader
section, interrupts are disabled while executing from the Application
section.



Note:  “1” means unprogrammed, “0” means programmed.



Table 27-3. Boot Lock Bit1 Protection Modes (Boot Loader Section)



BLB1
Mode



BLB12 BLB11 Protection



1 1 1 No restrictions for SPM or LPM accessing the Boot Loader section.



2 1 0 SPM is not allowed to write to the Boot Loader section.



3 0 0 SPM is not allowed to write to the Boot Loader section, and LPM executing
from the Application section is not allowed to read from the Boot Loader
section. If Interrupt Vectors are placed in the Application section, interrupts
are disabled while executing from the Boot Loader section.



4 0 1 LPM executing from the Application section is not allowed to read from the
Boot Loader section. If Interrupt Vectors are placed in the Application
section, interrupts are disabled while executing from the Boot Loader
section.



Note:  “1” means unprogrammed, “0” means programmed.



27.6. Entering the Boot Loader Program
Entering the Boot Loader takes place by a jump or call from the application program. This may be initiated
by a trigger such as a command received via USART, or SPI interface. Alternatively, the Boot Reset Fuse
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can be programmed so that the Reset Vector is pointing to the Boot Flash start address after a reset. In
this case, the Boot Loader is started after a reset. After the application code is loaded, the program can
start executing the application code. The fuses cannot be changed by the MCU itself. This means that
once the Boot Reset Fuse is programmed, the Reset Vector will always point to the Boot Loader Reset
and the fuse can only be changed through the serial or parallel programming interface.



Table 27-4. Boot Reset Fuse



BOOTRST Reset Address



1 Reset Vector = Application Reset (address 0x0000)



0 Reset Vector = Boot Loader Reset, as described by the Boot Loader Parameters



Note:  '1' means unprogrammed, '0' means programmed.



27.7. Addressing the Flash During Self-Programming
The Z-pointer is used to address the SPM commands. The Z pointer consists of the Z-registers ZL and
ZH in the register file, and RAMPZ in the I/O space. The number of bits actually used is implementation
dependent. Note that the RAMPZ register is only implemented when the program space is larger than
64Kbytes.



Bit 15 14 13 12 11 10 9 8



ZH (R31) Z15 Z14 Z13 Z12 Z11 Z10 Z9 Z8 
ZL (R30) Z7 Z6 Z5 Z4 Z3 Z2 Z1 Z0



7 6 5 4 3 2 1 0



ZH (R31) Z15 Z14 Z13 Z12 Z11 Z10 Z9 Z8 
ZL (R30) Z7 Z6 Z5 Z4 Z3 Z2 Z1 Z0



7 6 5 4 3 2 1 0



RAMPZ7 RAMPZ6 RAMPZ5 RAMPZ4 RAMPZ3 RAMPZ2 RAMPZ1 RAMPZ0



Bit 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8



Since the Flash is organized in pages, the Program Counter can be treated as having two different
sections. One section, consisting of the least significant bits, is addressing the words within a page, while
the most significant bits are addressing the pages. This is shown in the following figure. The Page Erase
and Page Write operations are addressed independently. Therefore it is of major importance that the Boot
Loader software addresses the same page in both the Page Erase and Page Write operation. Once a
programming operation is initiated, the address is latched and the Z-pointer can be used for other
operations.



The only SPM operation that does not use the Z-pointer is Setting the Boot Loader Lock bits. The content
of the Z-pointer is ignored and will have no effect on the operation. The LPM instruction does also use the
Z-pointer to store the address. Since this instruction addresses the Flash byte-by-byte, also the LSB (bit
Z0) of the Z-pointer is used.



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



361











Figure 27-3. Addressing the Flash During SPM
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Note:  The different variables used in this figure are listed in the Related Links.



27.8. Self-Programming the Flash
The program memory is updated in a page by page fashion. Before programming a page with the data
stored in the temporary page buffer, the page must be erased. The temporary page buffer is filled one
word at a time using SPM and the buffer can be filled either before the Page Erase command or between
a Page Erase and a Page Write operation:



Alternative 1, fill the buffer before a Page Erase
• Fill temporary page buffer
• Perform a Page Erase
• Perform a Page Write



Alternative 2, fill the buffer after Page Erase
• Perform a Page Erase
• Fill temporary page buffer
• Perform a Page Write



If only a part of the page needs to be changed, the rest of the page must be stored (for example in the
temporary page buffer) before the erase, and then be rewritten. When using alternative 1, the Boot
Loader provides an effective Read-Modify-Write feature which allows the user software to first read the
page, do the necessary changes, and then write back the modified data. If alternative 2 is used, it is not
possible to read the old data while loading since the page is already erased. The temporary page buffer
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can be accessed in a random sequence. It is essential that the page address used in both the Page
Erase and Page Write operation is addressing the same page. Please refer to Simple Assembly Code
Example for a Boot Loader.



27.8.1. Performing Page Erase by SPM
To execute Page Erase, set up the address in the Z-pointer, write “0x0000011” to Store Program Memory
Control and Status Register (SPMCSR) and execute SPM within four clock cycles after writing SPMCSR.
The data in R1 and R0 is ignored. The page address must be written to PCPAGE in the Z-register. Other
bits in the Z-pointer will be ignored during this operation.



• Page Erase to the RWW section: The NRWW section can be read during the Page Erase.
• Page Erase to the NRWW section: The CPU is halted during the operation.



27.8.2. Filling the Temporary Buffer (Page Loading)
To write an instruction word, set up the address in the Z-pointer and data in [R1:R0], write “0x00000001”
to SPMCSR and execute SPM within four clock cycles after writing SPMCSR. The content of PCWORD
([Z5:Z1]) in the Z-register is used to address the data in the temporary buffer. The temporary buffer will
auto-erase after a Page Write operation or by writing the RWWSRE bit in SPMCSR
(SPMCSR.RWWSRE). It is also erased after a system reset. It is not possible to write more than one time
to each address without erasing the temporary buffer.



If the EEPROM is written in the middle of an SPM Page Load operation, all data loaded will be lost.



27.8.3. Performing a Page Write
To execute Page Write, set up the address in the Z-pointer, write “0x0000101” to SPMCSR and execute
SPM within four clock cycles after writing SPMCSR. The data in R1 and R0 is ignored. The page address
must be written to PCPAGE ([Z5:Z1]). Other bits in the Z-pointer must be written to zero during this
operation.



• Page Write to the RWW section: The NRWW section can be read during the Page Write
• Page Write to the NRWW section: The CPU is halted during the operation



27.8.4. Using the SPM Interrupt
If the SPM interrupt is enabled, the SPM interrupt will generate a constant interrupt when the SPMEN bit
in SPMCSR is cleared (SPMCSR.SPMEN). This means that the interrupt can be used instead of polling
the SPMCSR Register in software. When using the SPM interrupt, the Interrupt Vectors should be moved
to the Boot Loader Section (BLS) section to avoid that an interrupt is accessing the RWW section when it
is blocked for reading. How to move the interrupts is described in Interrupts chapter.



Related Links
Interrupt Vectors in ATmega16M1/32M1/64M1 on page 76



27.8.5. Consideration While Updating Boot Loader Section (BLS)
Special care must be taken if the user allows the Boot Loader Section (BLS) to be updated by leaving
Boot Lock bit11 unprogrammed. An accidental write to the Boot Loader itself can corrupt the entire Boot
Loader, and further software updates might be impossible. If it is not necessary to change the Boot
Loader software itself, it is recommended to program the Boot Lock bit11 to protect the Boot Loader
software from any internal software changes.



27.8.6. Prevent Reading the RWW Section During Self-Programming
During Self-Programming (either Page Erase or Page Write), the RWW section is always blocked for
reading. The user software itself must prevent that this section is addressed during the self programming
operation. The RWWSB in the SPMCSR (SPMCSR.RWWSB) will be set as long as the RWW section is
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busy. During Self-Programming the Interrupt Vector table should be moved to the BLS as described in
Watchdog Timer chapter, or the interrupts must be disabled. Before addressing the RWW section after
the programming is completed, the user software must clear the SPMCSR.RWWSB by writing the
SPMCSR.RWWSRE. Please refer to Simple Assembly Code Example for a Boot Loader for an example.



Related Links
Watchdog System Reset on page 69



27.8.7. Setting the Boot Loader Lock Bits by SPM
To set the Boot Loader Lock bits and general Lock Bits, write the desired data to R0, write “0x0001001” to
SPMCSR and execute SPM within four clock cycles after writing SPMCSR.



Bit 7 6 5 4 3 2 1 0



R0 1 1 BLB12 BLB11 BLB02 BLB01 LB2 LB1



The tables in Boot Loader Lock Bits show how the different settings of the Boot Loader bits affect the
Flash access.



If bits 5...0 in R0 are cleared (zero), the corresponding Lock bit will be programmed if an SPM instruction
is executed within four cycles after BLBSET and SPMEN are set in SPMCSR (SPMCSR.BLBSET and
SPMCSR.SPMEN). The Z-pointer don’t care during this operation, but for future compatibility it is
recommended to load the Z-pointer with 0x0001 (same as used for reading the lOck bits). For future
compatibility it is also recommended to set bits 7 and 6 in R0 to “1” when writing the Lock bits. When
programming the Lock bits the entire Flash can be read during the operation.



27.8.8. EEPROM Write Prevents Writing to SPMCSR
An EEPROM write operation will block all software programming to Flash. Reading the Fuses and Lock
bits from software will also be prevented during the EEPROM write operation. It is recommended that the
user checks the status bit (EEPE) in the EECR Register (EECR.EEPE) and verifies that the bit is cleared
before writing to the SPMCSR Register.



27.8.9. Reading the Fuse and Lock Bits from Software
It is possible to read both the Fuse and Lock bits (LB) from software. To read the Lock bits, load the Z-
pointer with 0x0001 and set the BLBSET and SPMEN bits in SPMCSR (SPMCSR.BLBSET and
SPMCSR.SPMEN). When an LPM instruction is executed within three CPU cycles after the BLBSET and
SPMEN bits are set in SPMCSR (SPMCSR.BLBSET and SPMCSR.SPMEN), the value of the Lock bits
will be loaded in the destination register. The SPMCSR.BLBSET and SPMCSR.SPMEN will auto-clear
upon completion of reading the Lock bits or if no LPM instruction is executed within three CPU cycles or
no SPM instruction is executed within four CPU cycles. When SPMCSR.BLBSET and SPMCSR.SPMEN
are cleared, LPM will work as described in the Instruction set Manual.



Bit 7 6 5 4 3 2 1 0



Rd - - BLB12 BLB11 BLB02 BLB01 LB2 LB1



The algorithm for reading the Fuse Low byte (FLB) is similar to the one described above for reading the
Lock bits. To read the Fuse Low byte, load the Z-pointer with 0x0000 and set the BLBSET and SPMEN
bits in SPMCSR (SPMCSR.BLBSET and SPMCSR.SPMEN). When an LPM instruction is executed within
three cycles after the SPMCSR.BLBSET and SPMCSR.SPMEN are set, the value of the Fuse Low byte
(FLB) will be loaded in the destination register as shown below.



Bit 7 6 5 4 3 2 1 0



Rd FLB7 FLB6 FLB5 FLB4 FLB3 FLB2 FLB1 FLB0
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Similarly, when reading the Fuse High byte (FHB), load 0x0003 in the Z-pointer. When an LPM instruction
is executed within three cycles after the SPMCSR.BLBSET and SPMCSR.SPMEN are set, the value of
the Fuse High byte (FHB) will be loaded in the destination register as shown below.



Bit 7 6 5 4 3 2 1 0



Rd FHB7 FHB6 FHB5 FHB4 FHB3 FHB2 FHB1 FHB0



When reading the Extended Fuse byte (EFB), load 0x0002 in the Z-pointer. When an LPM instruction is
executed within three cycles after the SPMCSR.BLBSET and SPMCSR.SPMEN are set, the value of the
Extended Fuse byte (EFB) will be loaded in the destination register as shown below.



Bit 7 6 5 4 3 2 1 0



Rd - - - - EFB3 EFB2 EFB1 EFB0



Fuse and Lock bits that are programmed read as '0'. Fuse and Lock bits that are unprogrammed, will read
as '1'.



Related Links
Fuse Bits on page 376



27.8.10. Reading the Signature Row from Software
To read the Signature Row from software, load the Z-pointer with the signature byte address given in the
following table and set the SIGRD and SPMEN bits in SPMCSR (SPMCSR.SIGRD and
SPMCSR.SPMEN). When an LPM instruction is executed within three CPU cycles after the
SPMCSR.SIGRD and SPMCSR.SPMEN are set, the signature byte value will be loaded in the destination
register. The SPMCSR.SIGRD and SPMCSR.SPMEN will auto-clear upon completion of reading the
Signature Row Lock bits or if no LPM instruction is executed within three CPU cycles. When
SPMCSR.SIGRD and SPMCSR.SPMEN are cleared, LPM will work as described in the Instruction set
Manual.



Table 27-5. Signature Row Addressing



Signature Byte Z-pointer Address



Device Signature Byte 1 0x0000



Device Signature Byte 2 0x0002



Device Signature Byte 3 0x0004



RC Oscillator Calibration Byte 0x0001



Note:  All other addresses are reserved for future use.



27.8.11. Preventing Flash Corruption
During periods of low VCC, the Flash program can be corrupted because the supply voltage is too low for
the CPU and the Flash to operate properly. These issues are the same as for board level systems using
the Flash, and the same design solutions should be applied.



A Flash program corruption can be caused by two situations when the voltage is too low. First, a regular
write sequence to the Flash requires a minimum voltage to operate correctly. Secondly, the CPU itself can
execute instructions incorrectly, if the supply voltage for executing instructions is too low.



Flash corruption can easily be avoided by following these design recommendations (one is sufficient):
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1. If there is no need for a Boot Loader update in the system, program the Boot Loader Lock bits to
prevent any Boot Loader software updates.



2. Keep the AVR RESET active (low) during periods of insufficient power supply voltage. This can be
done by enabling the internal Brown-out Detector (BOD) if the operating voltage matches the
detection level. If not, an external low VCC reset protection circuit can be used. If a reset occurs
while a write operation is in progress, the write operation will be completed provided that the power
supply voltage is sufficient.



3. Keep the AVR core in Power-down sleep mode during periods of low VCC. This will prevent the
CPU from attempting to decode and execute instructions, effectively protecting the SPMCSR
Register and thus the Flash from unintentional writes.



27.8.12. Programming Time for Flash when Using SPM
The calibrated RC Oscillator is used to time Flash accesses. The following table shows the typical
programming time for Flash accesses from the CPU.



Table 27-6. SPM Programming Time



Symbol Min. Programming
Time



Max. Programming
Time



Flash write (Page Erase, Page Write, and write Lock
bits by SPM)



3.2ms 3.4ms



Note:  Minimum and maximum programming time is per individual operation.



27.8.13. Simple Assembly Code Example for a Boot Loader



;-the routine writes one page of data from RAM to Flash
 
; the first data location in RAM is pointed to by the Y pointer
 
; the first data location in Flash is pointed to by the Z-pointer
 
;-error handling is not included
 ;-the routine must be placed inside the Boot space
 
; (at least the Do_spm sub routine). Only code inside NRWW section can
 
; be read during Self-Programming (Page Erase and Page Write).
 
;-registers used: r0, r1, temp1 (r16), temp2 (r17), looplo (r24), 
 
; loophi (r25), spmcrval (r20)
 
; storing and restoring of registers is not included in the routine
 
; register usage can be optimized at the expense of code size
 
;-It is assumed that either the interrupt table is moved to the Boot
 
; loader section or that the interrupts are disabled.



.equ PAGESIZEB = PAGESIZE*2 ;PAGESIZEB is page size in BYTES, not words



.org SMALLBOOTSTART



Write_page:
 
      ; Page Erase
 
      ldi spmcrval, (1<<PGERS) | (1<<SPMEN)
 
      call Do_spm
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      ; re-enable the RWW section
 
      ldi spmcrval, (1<<RWWSRE) | (1<<SPMEN)
 
      call Do_spm
 
 



      ; transfer data from RAM to Flash page buffer
 
      ldi looplo, low(PAGESIZEB)  ;init loop variable
 
      ldi loophi, high(PAGESIZEB) ;not required for PAGESIZEB<=256



Wrloop: 
 
      ld r0, Y+
 
      ld r1, Y+
 
      ldi spmcrval, (1<<SPMEN)
 
      call Do_spm
 
      adiw ZH:ZL, 2
 
      sbiw loophi:looplo, 2 ;use subi for PAGESIZEB<=256
 
      brne Wrloop



 



      ; execute Page Write
 
      subi ZL, low(PAGESIZEB) ;restore pointer
 
      sbci ZH, high(PAGESIZEB) ;not required for PAGESIZEB<=256
 
      ldi spmcrval, (1<<PGWRT) | (1<<SPMEN)
 
      call Do_spm



 



     ; re-enable the RWW section
 
     ldi spmcrval, (1<<RWWSRE) | (1<<SPMEN)
 
     call Do_spm



 



     ; read back and check, optional
 
     ldi looplo, low(PAGESIZEB) ;init loop variable
 
     ldi loophi, high(PAGESIZEB) ;not required for PAGESIZEB<=256
 
     subi YL, low(PAGESIZEB) ;restore pointer
 
     sbci YH, high(PAGESIZEB)



Rdloop: 
 
     lpm r0, Z+
 
     ld r1, Y+
 
     cpse r0, r1
 
     jmp Error
 
     sbiw loophi:looplo, 1 ;use subi for PAGESIZEB<=256
 
     brne Rdloop
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     ; return to RWW section
 
     ; verify that RWW section is safe to read



Return: 
 
     in temp1, SPMCSR
 
     sbrs temp1, RWWSB ; If RWWSB is set, the RWW section is not ready yet
 
     ret
 
     ; re-enable the RWW section
 
     ldi spmcrval, (1<<RWWSRE) | (1<<SPMEN)
 
     call Do_spm
 
     rjmp Return 



Do_spm:
 
     ; check for previous SPM complete



Wait_spm:
 
     in temp1, SPMCSR
 
     sbrc temp1, SPMEN
 
     rjmp Wait_spm
 



     ; input: spmcrval determines SPM action
 
     ; disable interrupts if enabled, store status
 
     in temp2, SREG
 
     cli 
 
     ; check that no EEPROM write access is present



Wait_ee: 
 
     sbic EECR, EEPE
 
     rjmp Wait_ee 
 
     ; SPM timed sequence
 
     out SPMCSR, spmcrval
 
     spm
 
     ; restore SREG (to enable interrupts if originally enabled)
 
     out SREG, temp2
 
     ret



27.8.14. ATmega16M1 Boot Loader Parameters
The following tables are the parameters used in the description of the self programming are given.
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Table 27-7. Boot Size Configuration, ATmega16M1



BOOTSZ1 BOOTSZ0 Boot
Size



Pages Application
Flash Section



Boot
Loader
Flash
Section



End
Application
Section



Boot Reset
Address
(Start Boot
Loader
Section)



1 1 256
words



4 0x0000 -
0x1EFF



0x1F00 -
0x1FFF



0x1EFF 0x1F00



1 0 512
words



8 0x0000 -
0x1DFF



0x1E00 -
0x1FFF



0x1DFF 0x1E00



0 1 1024
words



16 0x0000 -
0x1BFF



0x1C00 -
0x1FFF



0x1BFF 0x1C00



0 0 2048
words



32 0x0000 -
0x17FF



0x1800 -
0x1FFF



0x17FF 0x1800



Note:  The different BOOTSZ Fuse configurations are shown in Figure 27-2.



Table 27-8. Read-While-Write Limit, ATmega16M1



Section Pages Address



Read-While-Write section (RWW) 96 0x0000 - 0x17FF



No Read-While-Write section (NRWW) 32 0x3800 - 0x1FFF



For details about these two sections, please refer to NRWW – No Read-While-Write Section and RWW –
Read-While-Write Section.



Table 27-9. Explanation of Different Variables used in Figure 27-3



Variable Corresponding
Z-value(1)



Description



PCMSB 12 Most significant bit in the Program Counter. (The Program
Counter is 13 bits PC[12:0])



PAGEMSB 5 Most significant bit which is used to address the words within
one page (64 words in a page requires 6 bits PC [5:0]).



ZPCMSB Z13 Bit in Z-register that is mapped to PCMSB. Because Z0 is not
used, the ZPCMSB equals PCMSB + 1.



ZPAGEMSB Z6 Bit in Z-register that is mapped to PAGEMSB. Because Z0 is
not used, the ZPAGEMSB equals PAGEMSB + 1.



PCPAGE PC[12:6] Z13:Z7 Program counter page address: Page select, for page erase
and page write



PCWORD PC[5:0] Z6:Z1 Program counter word address: Word select, for filling
temporary buffer (must be zero during page write operation)



Note:  1. Z15:Z13: always ignored



Z0: should be zero for all SPM commands, byte select for the LPM instruction.
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Please refer to Addressing the Flash During Self-Programming for details about the use of Z-pointer
during Self- Programming.



27.8.15. ATmega32M1 Boot Loader Parameters
The following tables are the parameters used in the description of the self programming are given.



Table 27-10. Boot Size Configuration, ATmega32M1



BOOTSZ1 BOOTSZ0 Boot
Size



Pages Application
Flash Section



Boot
Loader
Flash
Section



End
Application
Section



Boot Reset
Address
(Start Boot
Loader
Section)



1 1 256
words



4 0x0000 -
0x3EFF



0x3F00 -
0x3FFF



0x3EFF 0x3F00



1 0 512
words



8 0x0000 -
0x3DFF



0x3E00 -
0x3FFF



0x3DFF 0x3E00



0 1 1024
words



16 0x0000 -
0x3BFF



0x3C00 -
0x3FFF



0x3BFF 0x3C00



0 0 2048
words



32 0x0000 -
0x37FF



0x3800 -
0x3FFF



0x37FF 0x3800



Note:  The different BOOTSZ Fuse configurations are shown in Figure 27-2.



Table 27-11. Read-While-Write Limit, ATmega32M1



Section Pages Address



Read-While-Write section (RWW) 224 0x0000 - 0x37FF



No Read-While-Write section (NRWW) 32 0x3800 - 0x3FFF



For details about these two sections, please refer to NRWW – No Read-While-Write Section and RWW –
Read-While-Write Section.



Table 27-12. Explanation of Different Variables used in Figure 27-3



Variable Corresponding
Z-value(1)



Description



PCMSB 13 Most significant bit in the Program Counter. (The Program
Counter is 14 bits PC[13:0])



PAGEMSB 5 Most significant bit which is used to address the words within
one page (64 words in a page requires 6 bits PC [5:0]).



ZPCMSB Z14 Bit in Z-register that is mapped to PCMSB. Because Z0 is not
used, the ZPCMSB equals PCMSB + 1.



ZPAGEMSB Z6 Bit in Z-register that is mapped to PAGEMSB. Because Z0 is
not used, the ZPAGEMSB equals PAGEMSB + 1.
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Variable Corresponding
Z-value(1)



Description



PCPAGE PC[13:6] Z14:Z7 Program counter page address: Page select, for page erase
and page write



PCWORD PC[5:0] Z6:Z1 Program counter word address: Word select, for filling
temporary buffer (must be zero during page write operation)



Note:  1. Z15:Z13: always ignored



Z0: should be zero for all SPM commands, byte select for the LPM instruction.



Please refer to Addressing the Flash During Self-Programming for details about the use of Z-pointer
during Self- Programming.



27.8.16. ATmega64M1 Boot Loader Parameters
The following tables are the parameters used in the description of the self programming are given.



Table 27-13. Boot Size Configuration, ATmega64M1



BOOTSZ1 BOOTSZ0 Boot
Size



Pages Application
Flash Section



Boot
Loader
Flash
Section



End
Application
Section



Boot Reset
Address
(Start Boot
Loader
Section)



1 1 512
words



4 0x0000 -
0x7DFF



0x7E00 -
0x7FFF



0x7DFF 0x7E00



1 0 1024
words



8 0x0000 -
0x7BFF



0x7C00 -
0x7FFF



0x7BFF 0x7C00



0 1 2048
words



16 0x0000 -
0x77FF



0x7800 -
0x7FFF



0x77FF 0x7800



0 0 4096
words



32 0x0000 -
0x6FFF



0x7000 -
0x7FFF



0x6FFF 0x7000



Note:  The different BOOTSZ Fuse configurations are shown in Figure 27-2.



Table 27-14. Read-While-Write Limit, ATmega64M1



Section Pages Address



Read-While-Write section (RWW) 224 0x0000 - 0x6FFF



No Read-While-Write section (NRWW) 32 0x7000 - 0x7FFF



For details about these two sections, please refer to NRWW – No Read-While-Write Section and RWW –
Read-While-Write Section.
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Table 27-15. Explanation of Different Variables used in Figure 27-3



Variable Corresponding
Z-value(1)



Description



PCMSB 14 Most significant bit in the Program Counter. (The Program
Counter is 15 bits PC[14:0])



PAGEMSB 7 Most significant bit which is used to address the words within
one page (64 words in a page requires 7 bits PC [5:0]).



ZPCMSB Z15 Bit in Z-register that is mapped to PCMSB. Because Z0 is not
used, the ZPCMSB equals PCMSB + 1.



ZPAGEMSB Z8 Bit in Z-register that is mapped to PAGEMSB. Because Z0 is
not used, the ZPAGEMSB equals PAGEMSB + 1.



PCPAGE PC[14:7] Z15:Z8 Program counter page address: Page select, for page erase
and page write



PCWORD PC[6:0] Z7:Z1 Program counter word address: Word select, for filling
temporary buffer (must be zero during page write operation)



Note:  1. Z15:Z13: always ignored



Z0: should be zero for all SPM commands, byte select for the LPM instruction.



Please refer to Addressing the Flash During Self-Programming for details about the use of Z-pointer
during Self- Programming.



27.9. Register Description
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27.9.1. SPMCSR – Store Program Memory Control and Status Register
The Store Program Memory Control and Status Register contains the control bits needed to control the
Boot Loader operations.



When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.



Name:  SPMCSR
Offset:  0x57
Reset:  0x00
Property:
 



When addressing as I/O Register: address offset is 0x37



Bit 7 6 5 4 3 2 1 0  
 SPMIE RWWSB SIGRD RWWSRE BLBSET PGWRT PGERS SPMEN  



Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  



Bit 7 – SPMIE: SPM Interrupt Enable
When the SPMIE bit is written to one, and the I-bit in the Status Register is set (one), the SPM ready
interrupt will be enabled. The SPM ready Interrupt will be executed as long as the SPMEN bit in the
SPMCSR Register is cleared.



Bit 6 – RWWSB: Read-While-Write Section Busy
When a Self-Programming (Page Erase or Page Write) operation to the RWW section is initiated, the
RWWSB will be set (one) by hardware. When the RWWSB bit is set, the RWW section cannot be
accessed. The RWWSB bit will be cleared if the RWWSRE bit is written to one after a Self-Programming
operation is completed. Alternatively the RWWSB bit will automatically be cleared if a page load operation
is initiated.



Bit 5 – SIGRD: Signature Row Read
If this bit is written to one at the same time as SPMEN, the next LPM instruction within three clock cycles
will read a byte from the signature row into the destination register. Please refer to Reading the Fuse and
Lock Bits from Software in this chapter. An SPM instruction within four cycles after SIGRD and SPMEN
are set will have no effect. This operation is reserved for future use and should not be used.



Bit 4 – RWWSRE: Read-While-Write Section Read Enable
When programming (Page Erase or Page Write) to the RWW section, the RWW section is blocked for
reading (the RWWSB will be set by hardware). To re-enable the RWW section, the user software must
wait until the programming is completed (SPMEN will be cleared). Then, if the RWWSRE bit is written to
one at the same time as SPMEN, the next SPM instruction within four clock cycles re-enables the RWW
section. The RWW section cannot be re-enabled while the Flash is busy with a Page Erase or a Page
Write (SPMEN is set). If the RWWSRE bit is written while the Flash is being loaded, the Flash load
operation will abort and the data loaded will be lost.



Bit 3 – BLBSET: Boot Lock Bit Set
If this bit is written to one at the same time as SPMEN, the next SPM instruction within four clock cycles
sets Boot Lock bits and Memory Lock bits, according to the data in R0. The data in R1 and the address in
the Z-pointer are ignored. The BLBSET bit will automatically be cleared upon completion of the Lock bit
set, or if no SPM instruction is executed within four clock cycles.
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An LPM instruction within three cycles after BLBSET and SPMEN are set in the SPMCSR Register
(SPMCSR.BLBSET and SPMCSR.SPMEN), will read either the Lock bits or the Fuse bits (depending on
Z0 in the Z-pointer) into the destination register. Please refer to Reading the Fuse and Lock Bits from
Software in this chapter.



Bit 2 – PGWRT: Page Write
If this bit is written to one at the same time as SPMEN, the next SPM instruction within four clock cycles
executes Page Write, with the data stored in the temporary buffer. The page address is taken from the
high part of the Zpointer. The data in R1 and R0 are ignored. The PGWRT bit will auto-clear upon
completion of a Page Write, or if no SPM instruction is executed within four clock cycles. The CPU is
halted during the entire Page Write operation if the NRWW section is addressed.



Bit 1 – PGERS: Page Erase
If this bit is written to one at the same time as SPMEN, the next SPM instruction within four clock cycles
executes Page Erase. The page address is taken from the high part of the Z-pointer. The data in R1 and
R0 are ignored. The PGERS bit will auto-clear upon completion of a Page Erase, or if no SPM instruction
is executed within four clock cycles. The CPU is halted during the entire Page Write operation if the
NRWW section is addressed.



Bit 0 – SPMEN: Store Program Memory
This bit enables the SPM instruction for the next four clock cycles. If written to one together with either
RWWSRE, BLBSET, PGWRT or PGERS, the following SPM instruction will have a special meaning, see
description above. If only SPMEN is written, the following SPM instruction will store the value in R1:R0 in
the temporary page buffer addressed by the Z-pointer. The LSB of the Z-pointer is ignored. The SPMEN
bit will auto-clear upon completion of an SPM instruction, or if no SPM instruction is executed within four
clock cycles. During Page Erase and Page Write, the SPMEN bit remains high until the operation is
completed.
Writing any other combination than “0x10001”, “0x01001”, “0x00101”, “0x00011” or “0x00001” in the lower
five bits will have no effect.
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28. MEMPROG- Memory Programming



28.1. Program And Data Memory Lock Bits
The devices provides six Lock bits. These can be left unprogrammed ('1') or can be programmed ('0') to
obtain the additional features listed in Table. Lock Bit Protection Modes in this section. The Lock bits can
only be erased to “1” with the Chip Erase command.



Table 28-1. Lock Bit Byte(1)



Lock Bit Byte Bit No. Description Default Value



7 – 1 (unprogrammed)



6 – 1 (unprogrammed)



BLB12 5 Boot Lock bit 1 (unprogrammed)



BLB11 4 Boot Lock bit 1 (unprogrammed)



BLB02 3 Boot Lock bit 1 (unprogrammed)



BLB01 2 Boot Lock bit 1 (unprogrammed)



LB2 1 Lock bit 1 (unprogrammed)



LB1 0 Lock bit 1 (unprogrammed)



Note: 
1. '1' means unprogrammed, '0' means programmed.



Table 28-2. Lock Bit Protection Modes(1)(2)



Memory Lock Bits Protection Type



LB Mode LB2 LB1



1 1 1 No memory lock features enabled.



2 1 0 Further programming of the Flash and EEPROM is disabled in Parallel and Serial
Programming mode. The Fuse bits are locked in both Serial and Parallel
Programming mode.(1)



3 0 0 Further programming and verification of the Flash and EEPROM is disabled in
Parallel and Serial Programming mode. The Boot Lock bits and Fuse bits are
locked in both Serial and Parallel Programming mode.(1)



Note: 
1. Program the Fuse bits and Boot Lock bits before programming the LB1 and LB2.
2. '1' means unprogrammed, '0' means programmed.
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Table 28-3. Lock Bit Protection - BLB0 Mode(1)(2).



BLB0
Mode



BLB02 BLB01



1 1 1 No restrictions for SPM or Load Program Memory (LPM) instruction
accessing the Application section.



2 1 0 SPM is not allowed to write to the Application section.



3 0 0 SPM is not allowed to write to the Application section, and LPM executing
from the Boot Loader section is not allowed to read from the Application
section. If Interrupt Vectors are placed in the Boot Loader section,
interrupts are disabled while executing from the Application section.



4 0 1 LPM executing from the Boot Loader section is not allowed to read from
the Application section. If Interrupt Vectors are placed in the Boot Loader
section, interrupts are disabled while executing from the Application
section.



Table 28-4. Lock Bit Protection - BLB1 Mode(1)(2)



BLB1
Mode



BLB12 BLB11



1 1 1 No restrictions for SPM or LPM accessing the Boot Loader section.



2 1 0 SPM is not allowed to write to the Boot Loader section.



3 0 0 SPM is not allowed to write to the Boot Loader section, and LPM executing
from the Application section is not allowed to read from the Boot Loader
section. If Interrupt Vectors are placed in the Application section, interrupts
are disabled while executing from the Boot Loader section.



4 0 1 LPM executing from the Application section is not allowed to read from the
Boot Loader section. If Interrupt Vectors are placed in the Application
section, interrupts are disabled while executing from the Boot Loader
section.



Note: 
1. Program the Fuse bits and Boot Lock bits before programming the LB1 and LB2.
2. '1' means unprogrammed; '0' means programmed.



28.2. Fuse Bits
The device has three Fuse bytes. The following tables describe briefly the functionality of all the fuses
and how they are mapped into the Fuse bytes. Note that the fuses are read as logical zero, “0”, if they are
programmed.



Table 28-5. Extended Fuse Byte



Extended Fuse Byte Bit No. Description Default Value



- 7 - 1 (unprogrammed)



- 6 - 1 (unprogrammed)
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Extended Fuse Byte Bit No. Description Default Value



PSCRB 5 PSC reset behavior 1 (unprogrammed)



PSCRVA 4 PSCOUTnA reset value 1 (unprogrammed)



PSCRVB 3 PSCOUTnB reset value 1 (unprogrammed)



BODLEVEL2 2 Brown-out detector trigger level 1 (unprogrammed)



BODLEVEL1 1 Brown-out detector trigger level 1 (unprogrammed)



BODLEVEL0 0 Brown-out detector trigger level 1 (unprogrammed)



Related Links
System and reset characteristics on page 399
Alternate Port Functions on page 98
WDTCSR on page 74
Calibrated Internal RC Oscillator on page 51



28.3. PSC Output Behavior During Reset
For external component safety reason, the state of PSC outputs during Reset can be programmed by
fuses PSCRB, PSCARV & PSCBRV.



These fuses are located in the Extended Fuse byte



If PSCRB fuse equals 1 (unprogrammed), all PSC outputs keep a standard port behaviour. If PSC0RB
fuse equals 0 (programmed), all PSC outputs are forced at reset to low level or high level according to
PSCARV and PSCBRV fuse bits. In this second case, the PSC outputs keep the forced state until POC
register is written.



PSCARV (PSCOUTnA Reset Value) gives the state low or high which will be forced on PSCOUT0A,
PSCOUT1A, and PSCOUT2A outputs when PSCRB is programmed. If PSCARV fuse equals 0
(programmed), the PSCOUT0A, PSCOUT1A, and PSCOUT2A outputs will be forced to high state. If
PSCRV fuse equals 1 (unprogrammed), the PSCOUT0A, PSCOUT1A, and PSCOUT2A outputs will be
forced to low state.



PSCBRV (PSCOUTnB Reset Value) gives the state low or high which will be forced on PSCOUT0B,
PSCOUT1B, and PSCOUT2B outputs when PSCRB is programmed. If PSCBRV fuse equals 0
(programmed), the PSCOUT0B, PSCOUT1B and PSCOUT2B outputs will be forced to high state. If
PSCRV fuse equals 1 (unprogrammed), the PSCOUT0B, PSCOUT1B, and PSCOUT2B outputs will be
forced to low state.



Table 28-6. PSC output behavior during and after reset until POC register is written



PSCRB PSCARV PSCBRV PSCOUTnA PSCOUTnB



unprogrammed X X normal port normal port



programmed unprogrammed unprogrammed forced low forced low



programmed unprogrammed programmed forced low forced high



programmed programmed unprogrammed forced high forced low



programmed programmed programmed forced high forced high
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PSCRB PSCARV PSCBRV PSCOUTnA PSCOUTnB



BODLEVEL2 (1) 2 Brown-out detector
trigger level



1 (unprogrammed)



BODLEVEL1 (1) 1 Brown-out detector
trigger level



1 (unprogrammed)



BODLEVEL0 (1) 0 Brown-out detector
trigger level



1 (unprogrammed)



Table 28-7. Fuse High byte



High Fuse byte Bit no. Description Default value



RSTDISBL (1) 7 External reset disable 1 (unprogrammed)



DWEN 6 debugWIRE enable 1 (unprogrammed)



SPIEN (2) 5 Enable Serial Program
and Data Downloading



0 (programmed, SPI
programming enabled)



WDTON (3) 4 Watchdog Timer always
on



1 (unprogrammed)



EESAVE 3 EEPROM memory is
preserved through the
Chip Erase



1 (unprogrammed),
EEPROM not reserved



BOOTSZ1 2 Select Boot Size 0 (programmed) (4)



BOOTSZ0 1 Select Boot Size 0 (programmed) (4)



BOOTRST 0 Select Reset Vector 1 (unprogrammed)



1. Note:  See “Alternate functions of Port C” on page 70 for description of RSTDISBL Fuse.
2. Note:  The SPIEN Fuse is not accessible in serial programming mode.
3. Note:  See “Watchdog timer configuration.” on page 48 for details.
4. Note:  The default value of BOOTSZ1..0 results in maximum Boot Size. See Table 27-11 on page



279 for details.



Table 28-8. Fuse Low byte



Low Fuse byte Bit no. Description Default value



CKDIV8 (4) 7 Divide clock by 8 0 (programmed)



CKOUT (3) 6 Clock output 1 (unprogrammed)



SUT1 5 Select start-up time 1 (unprogrammed) (1)



SUT0 4 Select start-up time 0 (programmed) (1)



CKSEL3 3 Select Clock source 0 (programmed) (2)



CKSEL2 2 Select Clock source 0 (programmed) (2)



CKSEL1 1 Select Clock source 1 (unprogrammed) (2)



CKSEL0 0 Select Clock source 0 (programmed) (2)
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1. Note:  The default value of SUT1..0 results in maximum start-up time for the default clock source.
See Table 8-9 on page 31 for details.



2. Note:  The default setting of CKSEL3..0 results in internal RC Oscillator @ 8MHz. See Table 8-9
on page 31 for details.



3. Note:  The CKOUT Fuse allows the system clock to be output on PORTB0. See “Clock output
buffer” on page 32 for details.



4. Note:  See “System clock prescaler” on page 32 for details.



The status of the Fuse bits is not affected by Chip Erase. Note that the Fuse bits are locked if Lock bit1
(LB1) is programmed. Program the Fuse bits before programming the Lock bits.



28.3.1. Latching of Fuses
The fuse values are latched when the device enters programming mode and changes of the fuse values
will have no effect until the part leaves Programming mode. This does not apply to the EESAVE Fuse
which will take effect once it is programmed. The fuses are also latched on Power-up in Normal mode.



28.4. Signature Bytes
The device have a three-byte signature code. This code can be read in both serial and parallel mode,
also when the device is locked. The three bytes reside in a separate address space. For the device the
signature bytes are given in the following table.



Table 28-9. Device ID



Part Signature Bytes Address



0x000 0x001 0x002



ATmega16M1 0x1E 0x94 0x84



ATmega32M1 0x1E 0x95 0x84



ATmega64M1 0x1E 0x95 0x84



28.5. Calibration Byte
The device has a byte calibration value for the Internal RC Oscillator. This byte resides in the high byte of
address 0x000 in the signature address space. During reset, this byte is automatically written into the
OSCCAL Register to ensure correct frequency of the calibrated RC Oscillator.
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28.6. Page Size
Table 28-10. No. of Words in a Page and No. of Pages in the Flash



Device Flash Size Page Size PCWORD No. of 
Pages



PCPAGE PCMSB



ATmega16M1 8K words 
(16Kbytes)



64 words PC[5:0] 128 PC[12:6] 12



ATmega32M1 16K words 
(32Kbytes)



64 words PC[5:0] 256 PC[13:6] 13



ATmega64M1 32K words 
(64Kbytes)



128 words PC[6:0] 256 PC[14:7] 14



Table 28-11. No. of Words in a Page and No. of Pages in the EEPROM



Device EEPROM
Size



Page 
Size



PCWORD No. of 
Pages



PCPAGE EEAMSB



ATmega16M1 512bytes 4bytes EEA[1:0] 128 EEA[8:2] 8



ATmega32M1 1Kbytes 4bytes EEA[1:0] 256 EEA[9:2] 9



ATmega64M1 2Kbytes 8bytes EEA[2:0] 256 EEA[10:2] 10



28.7. Parallel Programming Parameters, Pin Mapping, and Commands
This section describes how to parallel program and verify Flash Program memory, EEPROM Data
memory, Memory Lock bits, and Fuse bits in the device. Pulses are assumed to be at least 250ns unless
otherwise noted.



28.7.1. Signal Names
In this section, some pins of this device are referenced by signal names describing their functionality
during parallel programming, please refer to Figure. Parallel Programming and Table. Pin Name Mapping
in this section. Pins not described in the following table are referenced by pin names.



The XA1/XA0 pins determine the action executed when the XTAL1 pin is given a positive pulse. The bit
coding is shown in the table, XA1 and XA0 Coding.



When pulsing WR or OE, the command loaded determines the action executed. The different Commands
are shown in the table, Command Byte Bit Coding Command Byte Command Executed.
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Figure 28-1. Parallel Programming
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Note: VCC - 0.3V < AVCC < VCC + 0.3V, however, AVCC should always be within 4.5 - 5.5V



Table 28-12. Pin Name Mapping



Signal Name in
Programming Mode



Pin Name I/O Function



RDY/BSY PD1 O 0: Device is busy programming, 1: Device is ready for
new command



OE PD2 I Output Enable (Active low)



WR PD3 I Write Pulse (Active low)



BS1 PD4 I Byte Select 1 (“0” selects Low byte, “1” selects High
byte)



XA0 PD5 I XTAL Action Bit 0



XA1 PD6 I XTAL Action Bit 1



PAGEL PD7 I Program memory and EEPROM Data Page Load



BS2 PC2 I Byte Select 2 (“0” selects Low byte, “1” selects 2’nd
High byte)



DATA {PC[1:0]: PB[5:0]} I/O Bi-directional Data bus (Output when OE is low)



Table 28-13. Pin Values Used to Enter Programming Mode



Pin Symbol Value



PAGEL Prog_enable[3] 0



XA1 Prog_enable[2] 0



XA0 Prog_enable[1] 0



BS1 Prog_enable[0] 0
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Table 28-14. XA1 and XA0 Coding



XA1 XA0 Action when XTAL1 is Pulsed



0 0 Load Flash or EEPROM Address (High or low address byte determined by BS1)



0 1 Load Data (High or Low data byte for Flash determined by BS1)



1 0 Load Command



1 1 No Action, Idle



Table 28-15. Command Byte Bit Coding



Command Byte Command Executed



1000 0000 Chip Erase



0100 0000 Write Fuse bits



0010 0000 Write Lock bits



0001 0000 Write Flash



0001 0001 Write EEPROM



0000 1000 Read Signature Bytes and Calibration byte



0000 0100 Read Fuse and Lock bits



0000 0010 Read Flash



0000 0011 Read EEPROM



28.8. Parallel Programming



28.8.1. Enter Programming Mode
The following algorithm puts the device in Parallel (High-voltage) Programming mode:



1. Set Prog_enable pins listed in Pin Values Used to Enter Programming Mode of Signal Names
section “0x0000”, RESET pin to 0V and VCC to 0V.



2. Apply 4.5 - 5.5V between VCC and GND.
Ensure that VCC reaches at least 1.8V within the next 20μs.



3. Wait 20 - 60μs, and apply 11.5 - 12.5V to RESET.
4. Keep the Prog_enable pins unchanged for at least 10μs after the High-voltage has been applied to



ensure the Prog_enable Signature has been latched.
5. Wait at least 300μs before giving any parallel programming commands.
6. Exit Programming mode by power the device down or by bringing RESET pin to 0V.



If the rise time of the VCC is unable to fulfill the requirements listed above, the following alternative
algorithm can be used.



1. Set Prog_enable pins listed in Pin Values Used to Enter Programming Mode of Signal Names
section to “0000”, RESET pin to 0V and VCC to 0V.



2. Apply 4.5 - 5.5V between VCC and GND.
3. Monitor VCC, and as soon as VCC reaches 0.9 - 1.1V, apply 11.5 - 12.5V to RESET.
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4. Keep the Prog_enable pins unchanged for at least 10μs after the High-voltage has been applied to
ensure the Prog_enable Signature has been latched.



5. Wait until VCC actually reaches 4.5 - 5.5V before giving any parallel programming commands.
6. Exit Programming mode by power the device down or by bringing RESET pin to 0V.



28.8.2. Considerations for Efficient Programming
The loaded command and address are retained in the device during programming. For efficient
programming, the following should be considered.



• The command needs only be loaded once when writing or reading multiple memory locations.
• Skip writing the data value 0xFF, that is the contents of the entire EEPROM (unless the EESAVE



Fuse is programmed) and Flash after a Chip Erase.
• Address high byte needs only be loaded before programming or reading a new 256 word window in



Flash or 256byte EEPROM. This consideration also applies to Signature bytes reading.



28.8.3. Chip Erase
The Chip Erase will erase the Flash, the SRAM and the EEPROM memories plus Lock bits. The Lock bits
are not reset until the program memory has been completely erased. The Fuse bits are not changed. A
Chip Erase must be performed before the Flash and/or EEPROM are reprogrammed.



Note:  The EEPRPOM memory is preserved during Chip Erase if the EESAVE Fuse is programmed.



Load Command “Chip Erase”:



1. Set XA1, XA0 to “10”. This enables command loading.
2. Set BS1 to “0”.
3. Set DATA to “1000 0000”. This is the command for Chip Erase.
4. Give XTAL1 a positive pulse. This loads the command.
5. Give WR a negative pulse. This starts the Chip Erase. RDY/BSY goes low.
6. Wait until RDY/BSY goes high before loading a new command.



28.8.4. Programming the Flash
The Flash is organized in pages as number of Words in a Page and number of Pages in the Flash. When
programming the Flash, the program data is latched into a page buffer. This allows one page of program
data to be programmed simultaneously. The following procedure describes how to program the entire
Flash memory:



Step A. Load Command “Write Flash”
1. Set XA1, XA0 to “10”. This enables command loading.
2. Set BS1 to “0”.
3. Set DATA to “0001 0000”. This is the command for Write Flash.
4. Give XTAL1 a positive pulse. This loads the command.



Step B. Load Address Low Byte
1. Set XA1, XA0 to “00”. This enables address loading.
2. Set BS1 to “0”. This selects low address.
3. Set DATA = Address low byte (0x00 - 0xFF).
4. Give XTAL1 a positive pulse. This loads the address low byte.
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Step C. Load Data Low Byte
1. Set XA1, XA0 to “01”. This enables data loading.
2. Set DATA = Data low byte (0x00 - 0xFF).
3. Give XTAL1 a positive pulse. This loads the data byte.



Step D. Load Data High Byte
1. Set BS1 to “1”. This selects high data byte.
2. Set XA1, XA0 to “01”. This enables data loading.
3. Set DATA = Data high byte (0x00 - 0xFF).
4. Give XTAL1 a positive pulse. This loads the data byte.



Step E. Latch Data
1. Set BS1 to “1”. This selects high data byte.
2. Give PAGEL a positive pulse. This latches the data bytes. (Please refer to the figure, Programming



the Flash Waveforms, in this section for signal waveforms)



Step F. Repeat B Through E Until the Entire Buffer Is Filled or Until All Data Within the Page Is
Loaded
While the lower bits in the address are mapped to words within the page, the higher bits address the
pages within the FLASH. This is illustrated in the following figure, Addressing the Flash Which is
Organized in Pages, in this section. Note that if less than eight bits are required to address words in the
page (pagesize < 256), the most significant bit(s) in the address low byte are used to address the page
when performing a Page Write.



Step G. Load Address High Byte
1. Set XA1, XA0 to “00”. This enables address loading.
2. Set BS1 to “1”. This selects high address.
3. Set DATA = Address high byte (0x00 - 0xFF).
4. Give XTAL1 a positive pulse. This loads the address high byte.



Step H. Program Page
1. Give WR a negative pulse. This starts programming of the entire page of data. RDY/BSY goes low.
2. Wait until RDY/BSY goes high (Please refer to the figure, Programming the Flash Waveforms, in



this section for signal waveforms).



Step I. Repeat B Through H Until the Entire Flash Is Programmed or Until All Data Has Been
Programmed



Step J. End Page Programming
1. 1. Set XA1, XA0 to “10”. This enables command loading.
2. Set DATA to “0000 0000”. This is the command for No Operation.
3. Give XTAL1 a positive pulse. This loads the command, and the internal write signals are reset.
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Figure 28-2. Addressing the Flash Which Is Organized in Pages
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Note:  PCPAGE and PCWORD are listed in the table of No. of Words in a Page and No. of Pages in the
Flash in Page Size section.



Programming the Flash Waveforms
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Note:  “XX” is don’t care. The letters refer to the programming description above.



28.8.5. Programming the EEPROM
The EEPROM is organized in pages, please refer to table, No. of Words in a Page and No. of Pages in
the EEPROM, in the Page Size section. When programming the EEPROM, the program data is latched
into a page buffer. This allows one page of data to be programmed simultaneously. The programming
algorithm for the EEPROM data memory is as follows (For details on Command, Address and Data
loading, please refer to Programming the Flash):
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1. Step A: Load Command “0001 0001”.
2. Step G: Load Address High Byte (0x00 - 0xFF).
3. Step B: Load Address Low Byte (0x00 - 0xFF).
4. Step C: Load Data (0x00 - 0xFF).
5. Step E: Latch data (give PAGEL a positive pulse).
6. Step K:Repeat 3 through 5 until the entire buffer is filled.
7. Step L: Program EEPROM page



7.1. Set BS1 to “0”.
7.2. Give WR a negative pulse. This starts programming of the EEPROM page. RDY/BSY goes



low.
7.3. Wait until to RDY/BSY goes high before programming the next page (Please refer to the



following figure for signal waveforms).



Figure 28-3. Programming the EEPROM Waveforms
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28.8.6. Reading the Flash
The algorithm for reading the Flash memory is as follows (Please refer to Programming the Flash in this
chapter for details on Command and Address loading):



1. Step A: Load Command “0000 0010”.
2. Step G: Load Address High Byte (0x00 - 0xFF).
3. Step B: Load Address Low Byte (0x00 - 0xFF).
4. Set OE to “0”, and BS1 to “0”. The Flash word low byte can now be read at DATA.
5. Set BS1 to “1”. The Flash word high byte can now be read at DATA.
6. Set OE to “1”.



28.8.7. Reading the EEPROM
The algorithm for reading the EEPROM memory is as follows (Please refer to Programming the Flash for
details on Command and Address loading):



1. Step A: Load Command “0000 0011”.
2. Step G: Load Address High Byte (0x00 - 0xFF).
3. Step B: Load Address Low Byte (0x00 - 0xFF).
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4. Set OE to “0”, and BS1 to “0”. The EEPROM Data byte can now be read at DATA.
5. Set OE to “1”.



28.8.8. Programming the Fuse Low Bits
The algorithm for programming the Fuse Low bits is as follows (Please refer to Programming the Flash for
details on Command and Data loading):



1. Step A: Load Command “0100 0000”.
2. Step C: Load Data Low Byte. Bit n = “0” programs and bit n = “1” erases the Fuse bit.
3. Give WR a negative pulse and wait for RDY/BSY to go high.



28.8.9. Programming the Fuse High Bits
The algorithm for programming the Fuse High bits is as follows (Please refer to Programming the Flash
for details on Command and Data loading):



1. Step A: Load Command “0100 0000”.
2. Step C: Load Data Low Byte. Bit n = “0” programs and bit n = “1” erases the Fuse bit.
3. Set BS1 to “1” and BS2 to “0”. This selects high data byte.
4. Give WR a negative pulse and wait for RDY/BSY to go high.
5. Set BS1 to “0”. This selects low data byte.



28.8.10. Programming the Extended Fuse Bits
The algorithm for programming the Extended Fuse bits is as follows (Please refer to Programming the
Flash for details on Command and Data loading):



1. Step A: Load Command “0100 0000”.
2. Step C: Load Data Low Byte. Bit n = “0” programs and bit n = “1” erases the Fuse bit.
3. Set BS1 to “0” and BS2 to “1”. This selects extended data byte.
4. Give WR a negative pulse and wait for RDY/BSY to go high.
5. Set BS2 to “0”. This selects low data byte.



Figure 28-4. Programming the FUSES Waveforms
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28.8.11. Programming the Lock Bits
The algorithm for programming the Lock bits is as follows (Please refer to Programming the Flash for
details on Command and Data loading):



1. Step A: Load Command “0010 0000”.
2. Step C: Load Data Low Byte. Bit n = “0” programs the Lock bit. If LB mode 3 is programmed (LB1



and LB2 is programmed), it is not possible to program the Boot Lock bits by any External
Programming mode.



3. Give WR a negative pulse and wait for RDY/BSY to go high.



The Lock bits can only be cleared by executing Chip Erase.



28.8.12. Reading the Fuse and Lock Bits
The algorithm for reading the Fuse and Lock bits is as follows (Please refer to Programming the Flash for
details on Command loading):



1. Step A: Load Command “0000 0100”.
2. Set OE to “0”, BS2 to “0” and BS1 to “0”. The status of the Fuse Low bits can now be read at DATA



(“0” means programmed).
3. Set OE to “0”, BS2 to “1” and BS1 to “1”. The status of the Fuse High bits can now be read at DATA



(“0” means programmed).
4. Set OE to “0”, BS2 to “1”, and BS1 to “0”. The status of the Extended Fuse bits can now be read at



DATA (“0” means programmed).
5. Set OE to “0”, BS2 to “0” and BS1 to “1”. The status of the Lock bits can now be read at DATA (“0”



means programmed).
6. Set OE to “1”.



Figure 28-5. Mapping Between BS1, BS2 and the Fuse and Lock Bits During Read
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28.8.13. Reading the Signature Bytes
The algorithm for reading the Signature bytes is as follows (Please refer to Programming the Flash for
details on Command and Address loading):



1. Step A: Load Command “0000 1000”.
2. Step B: Load Address Low Byte (0x00 - 0x02).
3. Set OE to “0”, and BS1 to “0”. The selected Signature byte can now be read at DATA.
4. Set OE to “1”.
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28.8.14. Reading the Calibration Byte
The algorithm for reading the Calibration byte is as follows (Please refer to Programming the Flash for
details on Command and Address loading):



1. Step A: Load Command “0000 1000”.
2. Step B: Load Address Low Byte, 0x00.
3. Set OE to “0”, and BS1 to “1”. The Calibration byte can now be read at DATA.
4. Set OE to “1”.



28.8.15. Parallel Programming Characteristics
For characteristics of the Parallel Programming, please refer to Parallel Programming Characteristics.



28.9. Serial Downloading
Both the Flash and EEPROM memory arrays can be programmed using the serial SPI bus while RESET
is pulled to GND. The serial interface consists of pins SCK, MOSI (input) and MISO (output). After
RESET is set low, the Programming Enable instruction needs to be executed first before program/erase
operations can be executed.



Figure 28-6. Serial Programming and Verify
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Note: 
1. If the device is clocked by the internal Oscillator, it is no need to connect a clock source to the



XTAL1 pin.
2. VCC - 0.3V < AVCC < VCC + 0.3V, however, AVCC should always be within 1.8 - 5.5V



When programming the EEPROM, an auto-erase cycle is built into the self-timed programming operation
(in the Serial mode ONLY) and there is no need to first execute the Chip Erase instruction. The Chip
Erase operation turns the content of every memory location in both the Program and EEPROM arrays
into 0xFF.



Depending on CKSEL Fuses, a valid clock must be present. The minimum low and high periods for the
serial clock (SCK) input are defined as follows:



• Low: > 2 CPU clock cycles for fck < 12MHz, 3 CPU clock cycles for fck ≥ 12MHz
• High: > 2 CPU clock cycles for fck < 12MHz, 3 CPU clock cycles for fck ≥ 12MHz
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28.9.1. Serial Programming Pin Mapping
Table 28-16. Pin Mapping Serial Programming



Symbol Pins I/O Description



MOSI PB3 I Serial Data in



MISO PB4 O Serial Data out



SCK PB5 I Serial Clock



Note:  The pin mapping for SPI programming is listed. Not all parts use the SPI pins dedicated for the
internal SPI interface.



28.9.2. Serial Programming Algorithm
When writing serial data to the device, data is clocked on the rising edge of SCK.



When reading data from the device, data is clocked on the falling edge of SCK. Please refer to the figure,
Serial Programming Waveforms in SPI Serial Programming Characteristics section for timing details.



To program and verify the device in the serial programming mode, the following sequence is
recommended (See Serial Programming Instruction set in Table 28-18:



1. Power-up sequence:
Apply power between VCC and GND while RESET and SCK are set to “0”. In some systems, the
programmer can not guarantee that SCK is held low during power-up. In this case, RESET must be
given a positive pulse of at least two CPU clock cycles duration after SCK has been set to “0”.



2. Wait for at least 20ms and enable serial programming by sending the Programming Enable serial
instruction to pin MOSI.



3. The serial programming instructions will not work if the communication is out of synchronization.
When in sync. the second byte (0x53), will echo back when issuing the third byte of the
Programming Enable instruction. Whether the echo is correct or not, all four bytes of the instruction
must be transmitted. If the 0x53 did not echo back, give RESET a positive pulse and issue a new
Programming Enable command.



4. The Flash is programmed one page at a time. The memory page is loaded one byte at a time by
supplying the 6 LSB of the address and data together with the Load Program Memory Page
instruction. To ensure correct loading of the page, the data low byte must be loaded before data
high byte is applied for a given address. The Program Memory Page is stored by loading the Write
Program Memory Page instruction with the 7 MSB of the address. If polling (RDY/BSY) is not used,
the user must wait at least tWD_FLASH before issuing the next page . Accessing the serial
programming interface before the Flash write operation completes can result in incorrect
programming.



5. A: The EEPROM array is programmed one byte at a time by supplying the address and data
together with the appropriate Write instruction. An EEPROM memory location is first automatically
erased before new data is written. If polling (RDY/BSY) is not used, the user must wait at least
tWD_EEPROM before issuing the next byte. In a chip erased device, no 0xFFs in the data file(s) need
to be programmed.
B: The EEPROM array is programmed one page at a time. The Memory page is loaded one byte at
a time by supplying the 6 LSB of the address and data together with the Load EEPROM Memory
Page instruction. The EEPROM Memory Page is stored by loading the Write EEPROM Memory
Page Instruction with the 7 MSB of the address. When using EEPROM page access only byte
locations loaded with the Load EEPROM Memory Page instruction is altered. The remaining
locations remain unchanged. If polling (RDY/BSY) is not used, the used must wait at least
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tWD_EEPROM before issuing the next byte. In a chip erased device, no 0xFF in the data file(s) need to
be programmed.



6. Any memory location can be verified by using the Read instruction which returns the content at the
selected address at serial output MISO.



7. At the end of the programming session, RESET can be set high to commence normal operation.
8. Power-off sequence (if needed):



Set RESET to “1”.



Turn VCC power off.



Table 28-17. Typical Wait Delay Before Writing the Next Flash or EEPROM Location



Symbol Minimum Wait Delay



tWD_FLASH 2.6ms



tWD_EEPROM 3.6ms



tWD_ERASE 10.5ms



tWD_FUSE 4.5ms



28.9.3. Serial Programming Instruction Set



This section describes the Instruction Set.



Table 28-18. Serial Programming Instruction Set (Hexadecimal values)



Instruction/Operation Instruction Format



Byte 1 Byte 2 Byte 3 Byte 4



Programming Enable 0xAC 0x53 0x00 0x00



Chip Erase (Program Memory/EEPROM) 0xAC 0x80 0x00 0x00



Poll RDY/BSY 0xF0 0x00 0x00 data byte out



Load Instructions



Load Extended Address byte(1) 0x4D 0x00 Extended adr 0x00



Load Program Memory Page, High byte 0x48 0x00 adr LSB high data byte in



Load Program Memory Page, Low byte 0x40 0x00 adr LSB low data byte in



Load EEPROM Memory Page (page access) 0xC1 0x00 0000 000aa data byte in



Read Instructions



Read Program Memory, High byte 0x28 adr MSB adr LSB high data byte out



Read Program Memory, Low byte 0x20 adr MSB adr LSB low data byte out



Read EEPROM Memory 0xA0 0000 00aa aaaa aaaa data byte out



Read Lock bits 0x58 0x00 0x00 data byte out



Read Signature Byte 0x30 0x00 0000 000aa data byte out



Read Fuse bits 0x50 0x00 0x00 data byte out



Read Fuse High bits 0x58 0x08 0x00 data byte out
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Instruction/Operation Instruction Format



Byte 1 Byte 2 Byte 3 Byte 4



Read Extended Fuse Bits 0x50 0x08 0x00 data byte out



Read Calibration Byte 0x38 0x00 0x00 data byte out



Write Instructions(6)



Write Program Memory Page 0x4C adr MSB(8) adr LSB(8) 0x00



Write EEPROM Memory 0xC0 0000 00aa aaaa aaaa data byte in



Write EEPROM Memory Page (page access) 0xC2 0000 00aa aaaa aa00 0x00



Write Lock bits 0xAC 0xE0 0x00 data byte in



Write Fuse bits 0xAC 0xA0 0x00 data byte in



Write Fuse High bits 0xAC 0xA8 0x00 data byte in



Write Extended Fuse Bits 0xAC 0xA4 0x00 data byte in



Note: 
1. Not all instructions are applicable for all parts.
2. a = address.
3. Bits are programmed ‘0’, unprogrammed ‘1’.
4. To ensure future compatibility, unused Fuses and Lock bits should be unprogrammed (‘1’) .
5. Refer to the corresponding section for Fuse and Lock bits, Calibration and Signature bytes and



Page size.
6. Instructions accessing program memory use a word address. This address may be random within



the page range.
7. See http://www.atmel.com/avr for Application Notes regarding programming and programmers.
8. WORDS.



If the LSB in RDY/BSY data byte out is ‘1’, a programming operation is still pending. Wait until this bit
returns ‘0’ before the next instruction is carried out.



Within the same page, the low data byte must be loaded prior to the high data byte.



After data is loaded to the page buffer, program the EEPROM page, Please refer to the following figure.
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Figure 28-7. Serial Programming Instruction example
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28.9.4. SPI Serial Programming Characteristics
Figure 28-8. Serial Programming Waveforms
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29. Electrical characteristics



29.1. Absolute Maximum Ratings*



Operating temperature -40°C to +85°C *NOTICE: Stresses beyond those listed under
“Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress
rating only and functional operation of the device at
these or other conditions beyond those indicated in
the operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.



Storage temperature -65°C to +150°C



Voltage on any pin except RESET
with respect to ground -0.5V to VCC +0.5V



Voltage on RESET with respect to ground -0.5V to
+13.0V



Maximum operating voltage 6.0V



DC current per I/O pin 40.0mA
DC current VCC and GND pins 200.0mA
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29.2. DC characteristics
Table 29-1. TA = -40°C to +85°C, VCC = 2.7V to 5.5V (unless otherwise noted).



Symbol Parameter Condition Min. Typ. Max. Units



VIL Input Low Voltage Port B, C & D and
XTAL1, XTAL2 pins
as I/O



-0.5 0.2VCC 
(1) V



VIH Input High Voltage Port B, C & D and
XTAL1, XTAL2 pins
as I/O



0.6VCC 
(2) VCC+0.5



VIL1 Input Low Voltage XTAL1 pin , external
clock selected



-0.5 0.1VCC (1)



VIH1 Input High Voltage XTAL1 pin , external
clock selected



0.7VCC (2) VCC+0.5



VIL2 Input Low Voltage RESET pin -0.5 0.2VCC 
(1)



VIH2 Input High Voltage RESET pin 0.9VCC (2) VCC+0.5



VIL3 Input Low Voltage RESET pin as I/O -0.5 0.2VCC 
(1)



VIH3 Input High Voltage RESET pin as I/O 0.8VCC 
(2) VCC+0.5



VOL Output Low Voltage 
(3)



(Port B, C & D and
XTAL1, XTAL2 pins
as I/O)



IOL = 10mA, VCC =
5V
IOL = 6mA, VCC =
3V



0.7
0.5



VOH Output High Voltage 
(4)



(Port B, C & D and
XTAL1, XTAL2 pins
as I/O)



IOH = -10mA, VCC
= 5V
IOH = -8mA, VCC =
3V



4.2
2.3



VOL3 Output Low Voltage 
(3)



(RESET pin as I/O)



IOL = 2.1mA, VCC =
5V
IOL = 0.8mA, VCC =
3V



0.9
0.7



VOH3 Output High Voltage 
(4)



(RESET pin as I/O)



IOH = -0.6mA, VCC
= 5V
IOH = -0.4mA, VCC
= 3V



3.8
2.2



IIL Input Leakage
Current I/O Pin



VCC = 5.5V, pin low
(absolute value)



50 nA



IIH Input Leakage
Current I/O Pin



VCC = 5.5V, pin high
(absolute value)



50
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Symbol Parameter Condition Min. Typ. Max. Units



RRST Reset Pull-up
Resistor



30 200 kΩ



Rpu I/O Pin Pull-up
Resistor



20 50



ICC Power Supply
Current



Active 8MHz, VCC =
3V, RC osc, PRR =
0xFF



3.8 8 mA



Active 16MHz, VCC
= 5V, Ext Clock,
PRR = 0xFF



14 30



Idle 8MHz, VCC =
3V,
RC Osc



1.5 4



Idle 16MHz, VCC =
5V, Ext Clock



5.5 15



Power-down mode 
(5)



WDT enabled, VCC
= 3V
t0 < 90°C



5 15 µA



WDT enabled, VCC
= 3V
t0 < 105°C



9 90



WDT disabled, VCC
= 3V
t0 < 90°C



2 10



WDT disabled, VCC
= 3V
t0 < 105°C



5 80



Vhysr Analog Comparator 
Hysteresis Voltage



VCC = 5V, Vin = 3V
Rising Edge



Falling Edge



-100 25
-35



70 mV
mV



IACLK Analog Comparator 
Input Leakage
Current



VCC = 5V, Vin =
VCC/2



-50 50 nA



tACID Analog Comparator 
Propagation Delay



VCC = 2.7V
VCC = 5.0V



(6)
(6)



ns



Note:  “Max.” means the highest value where the pin is guaranteed to be read as low.



Note:  “Min.” means the lowest value where the pin is guaranteed to be read as high.



Note:  Although each I/O port can sink more than the test conditions (10mA at VCC = 5V, 6mA at VCC =
3V) under steady state conditions (non-transient), the following must be observed:
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1] The sum of all IOL, for ports B0 - B1, C2 - C3, D4, E1 - E2 should not exceed 70mA
2] The sum of all IOL, for ports B6 - B7, C0 - C1, D0 -D3, E0 should not exceed 70mA
3] The sum of all IOL, for ports B2 - B5, C4 - C7, D5 - D7 should not exceed 70mA
If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to
sink current greater than the listed test condition.



Note:  Although each I/O port can source more than the test conditions (10mA at VCC = 5V, 8mA at VCC
= 3V) under steady state conditions (non-transient), the following must be observed:
1] The sum of all IOH, for ports B0 - B1, C2 - C3, D4, E1 - E2 should not exceed 100mA
2] The sum of all IOH, for ports B6 - B7, C0 - C1, D0 -D3, E0 should not exceed 100mA
3] The sum of all IOH, for ports B2 - B5, C4 - C7, D5 - D7 should not exceed 100mA
If IOH exceeds the test condition, VOH may exceed the related specification. Pins are not guaranteed to
source current greater than the listed test condition.



Note:  Minimum VCC for power-down is 2.5V.



Note:  The Analog Comparator Propagation Delay equals one comparator clock plus 30nS. See the AC
description for comparator clock definition.



Related Links
AC – analog comparator on page 336
Features on page 336
Overview on page 336
Use of ADC amplifiers on page 338



29.3. Speed grades
Maximum frequency is depending on VCC. As shown in the figure below, the maximum frequency vs. VCC
is linear between 2.7V and 4.5V.



Figure 29-1. Maximum frequency vs. VCC.
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29.4. Clock characteristics



29.4.1. Calibrated internal RC oscillator accuracy
Table 29-2. Calibration accuracy of internal RC oscillator.



Frequency VCC Temperature Calibration
accuracy



Factory calibration 8.0MHz 3V 25°C ±1%



User calibration 7.3MHz - 8.1MHz 2.7V - 5.5V -40°C to +85°C ±10%



29.5. External clock drive characteristics
Figure 29-2. External clock drive waveforms.







 











VIL1



VIH1



Table 29-3. External clock drive.



Symbol Parameter VCC = 2.7V - 5.5V VCC = 4.5V - 5.5V Units



Min. Max. Min. Max.



1/tCLCL Oscillator Frequency 0 8 0 16 MHz



tCLCL Clock Period 125 62.5 ns



tCHCX High Time 50 25



tCLCX Low Time 50 25



tCLCH Rise Time 1.6 0.5 μs



tCHCL Fall Time 1.6 0.5



ΔtCLCL Change in period from one clock cycle
to the next



2 2 %
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29.6. System and reset characteristics
Table 29-4. Reset, brown-out (1) and internal voltage (1) characteristics.



Symbol Parameter Min Typ Max Units



VPOT Power-on Reset Threshold Voltage (rising) 1.1 1.4 1.7 V



Power-on Reset Threshold Voltage (falling)(2) 0.8 0.9 1.6



VPORMAX VCC maximum start voltage to ensure internal
Power-on Reset signal



0.4



VPORMIN VCC minimum start voltage to ensure internal
Power-on Reset signal



-0.1



VCCRR VCC Rise Rate to ensure Power-on Reset 0.01 V/ms



VRST RESET Pin Threshold Voltage 0.1VCC 0.9VCC V



VHYST Brown-out Detector Hysteresis 50 mV



tBOD Min Pulse Width on Brown-out Reset 2 μs



VBG Bandgap reference voltage 1.1 V



tBG Bandgap reference start-up time 40 μs



IBG Bandgap reference current consumption 15 μA



1. Note:  Values are guidelines only.
2. Note: 



Before rising, the supply has to be between VPORMIN and VPORMAX to ensure a reset.



Table 29-5. BODLEVEL fuse coding (1) (2).



BODLEVEL 2..0 fuses Typ VBOT Units



111 Disabled



110 4.5 V



011 4.4



100 4.3



010 4.2



001 2.8



101 2.7



000 2.6



1. Note:  VBOT may be below nominal minimum operating voltage for some devices. For devices
where this is the case, the device is tested down to VCC = VBOT during the production test. This
guarantees that a Brown-Out Reset will occur before VCC drops to a voltage where correct
operation of the microcontroller is no longer guaranteed. The test is performed using
BODLEVEL = 010 for Low Operating Voltage and BODLEVEL = 101 for High Operating Voltage.



2. Note:  Values are guidelines only.
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29.7. PLL characteristics
Table 29-6. PLL characteristics - VCC = 2.7V to 5.5V (unless otherwise noted).



Symbol Parameter Min. Typ. Max. Units



PLLIF Input frequency 0.5 1 2 MHz



PLLF PLL factor 64



PLLLT Lock-in time 64 µS



Note: While connected to external clock or external oscillator, PLL Input Frequency must be selected to
provide outputs with frequency in accordance with driven parts of the circuit (CPU core, PSC...).



29.8. SPI timing characteristics
See the figures below for details.



Table 29-7. SPI timing parameters.



Description Mode Min. Typ. Max. Units



1 SCK period Master See the SPI Control
register



ns



2 SCK high/low Master 50% duty cycle



3 Rise/Fall time Master 3.6



4 Setup Master 10



5 Hold Master 10



6 Out to SCK Master 0.5 × tsck



7 SCK to out Master 10



8 SCK to out high Master 10



9 SS low to out Slave 15



10 SCK period Slave 4 × tck



11 SCK high/low(1) Slave 2 × tck



12 Rise/Fall time Slave 1600



13 Setup Slave 10



14 Hold Slave tck



15 SCK to out Slave 15



16 SCK to SS high Slave 20



17 SS high to tri-state Slave 10



18 SS low to SCK Slave 20
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Note:  In SPI Programming mode the minimum SCK high/low period is:
- 2 tCLCL for fCK <12MHz
- 3 tCLCL for fCK >12MHz



Figure 29-3. SPI interface timing requirements (Master mode).
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Figure 29-4. SPI interface timing requirements (Slave mode).
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Related Links
SPCR0 on page 220
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29.9. ADC characteristics
Table 29-8. ADC characteristics - TA = -40°C to +85°C, VCC = 2.7V to 5.5V (unless otherwise noted).



Symb
ol



Parameter Condition Min
.



Typ. Max. Units



Resolution Single Ended Conversion 10 Bits



TUE Absolute accuracy VCC = 5V, VREF = 2.56V, ADC clock = 1MHz 3.2 5.0 LSB



VCC = 5V, VREF = 2.56V, ADC clock = 2MHz 3.2 5.0



INL Integral non-
linearity



VCC = 5V, VREF = 2.56V, ADC clock = 1MHz 0.7 1.5



VCC = 5V, VREF = 2.56V, ADC clock = 2MHz 0.8 2.0



DNL Differential non-
linearity



VCC = 5V, VREF = 2.56V, ADC clock = 1MHz 0.5 0.8



VCC = 5V, VREF = 2.56V, ADC clock = 2MHz 0.6 1.2



Gain error VCC = 5V, VREF = 2.56V, ADC clock = 1MHz -8.0 -5.0 0.0



VCC = 5V, VREF = 2.56V, ADC clock = 2MHz -8.0 -5.0 0.0



Offset error VCC = 5V, VREF = 2.56V, ADC clock = 1MHz -2.0 2.5 6.0



VCC = 5V, VREF = 2.56V, ADC clock = 2MHz -2.0 2.5 6.0



VREF Reference voltage 2.56 AVCC V



Resolution Differential conversion, temp. = -40..85°C 8 Bits
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Symb
ol



Parameter Condition Min
.



Typ. Max. Units



TUE Absolute accuracy Gain = 5×, 10×, VCC = 5V, VREF = 2.56V, ADC
clock = 2MHz



1.5 3.5 LSB



Gain = 20×, VCC = 5V, VREF = 2.56V, ADC
clock = 2MHz



1.5 4.0



Gain = 40×, VCC = 5V, VREF = 2.56V, ADC
clock = 2MHz



1.5 4.5



INL Integral non-
linearity



Gain = 5×, 10×, VCC = 5V, VREF = 2.56V, ADC
clock = 2MHz



0.1 1.5



Gain = 20×, VCC = 5V, VREF = 2.56V, ADC
clock = 2MHz



0.2 2.5



Gain = 40×, VCC = 5V, VREF = 2.56V, ADC
clock = 1MHz



0.3 3.5



Gain = 40×, VCC = 5V, VREF = 2.56V, ADC
clock = 2MHz



0.7 4.5



DNL Differential non-
linearity



Gain = 5×, 10×, VCC = 5V, VREF = 2.56V, ADC
clock = 2MHz



0.1 1.0



Gain = 20×, VCC = 5V, VREF = 2.56V, ADC
clock = 2MHz



0.2 1.5



Gain = 40×, VCC = 5V, VREF = 2.56V, ADC
clock = 2MHz



0.3 2.5



Gain error Gain = 5×, 10×, VCC = 5V, VREF = 2.56V, ADC
clock = 2MHz



-3.0 3.0



Gain = 20×, 40×, VCC = 5V, VREF = 2.56V, ADC
clock = 2MHz



-3.0 3.0



Offset error Gain = 5×, 10×, VCC = 5V, VREF = 2.56V, ADC
clock = 2MHz



-3.0 3.0



Gain = 20×, 40×, VCC = 5V, VREF = 2.56V, ADC
clock = 2MHz



-4.0 4.0



VREF Reference voltage 2.56 AVCC
-0.5



V
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29.10. Parallel Programming Characteristics
Figure 29-5. Parallel programming timing, including some general timing requirements.
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Figure 29-6. Parallel programming timing, loading sequence with timing requirements.
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Note:  The timing requirements shown in the figures above (that is, tDVXH, tXHXL, and tXLDX) also
apply to loading operation.



Figure 29-7. Parallel programming timing, reading sequence (within the same page) with timing
requirements.
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Note:  The timing requirements shown in the figures above (that is, tDVXH, tXHXL, and tXLDX) also
apply to reading operation.



Table 29-9. Parallel programming characteristics, VCC = 5V ±10%.



Symbol Parameter Min. Typ. Max. Units



VPP Programming Enable Voltage 11.5 12.5 V



IPP Programming Enable Current 250 μA



tDVXH Data and Control Valid before XTAL1 High 67 ns



tXLXH XTAL1 Low to XTAL1 High 200



tXHXL XTAL1 Pulse Width High 150



tXLDX Data and Control Hold after XTAL1 Low 67



tXLWL XTAL1 Low to WR Low 0



tXLPH XTAL1 Low to PAGEL high 0



tPLXH PAGEL low to XTAL1 high 150



tBVPH BS1 Valid before PAGEL High 67



tPHPL PAGEL Pulse Width High 150



tPLBX BS1 Hold after PAGEL Low 67



tWLBX BS2/1 Hold after WR Low 67



tPLWL PAGEL Low to WR Low 67



tBVWL BS1 Valid to WR Low 67



tWLWH WR Pulse Width Low 150



tWLRL WR Low to RDY/BSY Low 0 1 μs



tWLRH WR Low to RDY/BSY High (1) 3.7 5 ms



tWLRH_CE WR Low to RDY/BSY High for Chip Erase (2) 7.5 10



tXLOL XTAL1 Low to OE Low 0 ns



tBVDV BS1 Valid to DATA valid 0 250



tOLDV OE Low to DATA Valid 250



tOHDZ OE High to DATA Tri-stated 250



1. Note:  tWLRH is valid for the Write Flash, Write EEPROM, Write Fuse bits and Write Lock bits
commands.



2. Note:  tWLRH_CE is valid for the Chip Erase command.
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30. Typical characteristics



30.1. Pin pull-up
Figure 30-1. I/O pin pull-up resistor current versus input voltage.
VCC = 5V.
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Figure 30-2. I/O pin pull-up resistor current versus input voltage.
VCC = 2.7V.
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30.2. Pin driver strength
Figure 30-3. I/O pin low output voltage versus sink current. VCC = 5V.



-40°C



25°C



85°C



0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0



0 2 4 6 8 10 12 14 16 18 20
IOL[mA]



VO
L 



[V
]



Figure 30-4. I/O pin low output voltage versus sink current. VCC = 3V.
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Figure 30-5. I/O pin output voltage versus source current. VCC = 5V.
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Figure 30-6. I/O pin output voltage versus source current. VCC = 3V.
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30.3. Pin Thresholds and Hysteresis
Figure 30-7. I/O pin input threshold voltage versus VCC. VIH, I/O pin read as '1'.
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Figure 30-8. I/O pin input threshold voltage versus VCC. VIL, I/O pin read as '0'.
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Figure 30-9. I/O pin input hysteresis versus VCC.
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Figure 30-10. Reset input threshold voltage versus VCC. VIH, I/O pin read as '1'.
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Figure 30-11. Reset input threshold voltage versus VCC. VIL, I/O pin read as '0'.
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Figure 30-12. Reset pull-up resistor current versus reset pin voltage. VCC = 5V.
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Figure 30-13. Reset pull-up resistor current versus reset pin voltage. VCC = 2.7V.
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Figure 30-14. XTAL1 input threshold voltage versus VCC. VIL, XTAL1 pin read as '0'.
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Figure 30-15. XTAL1 input threshold voltage versus VCC. VIL, XTAL1 pin read as '1'.
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30.4. BOD Thresholds and Analog Comparator Hysteresis
Figure 30-16. BOD thresholds versus temperature. BODLEVEL is 2.7V.
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30.5. Internal Oscillator Speed
Figure 30-17. Watchdog oscillator frequency versus VCC.
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Figure 30-18. Watchdog oscillator frequency versus temperature.
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Figure 30-19. Calibrated 8MHz oscillator frequency versus VCC.
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Figure 30-20. Calibrated 8MHz oscillator frequency versus osccal value.
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30.6. Using the Power Reduction Register
The tables and formulas below can be used to calculate the additional current consumption for the
different I/O modules in Idle mode. The enabling or disabling of the I/O modules are controlled by the
Power Reduction Register.



Table 30-1. Additional current consumption (percentage) in active and idle mode.



Typical ICC [µA]. Percent of added consumption



VCC = 5.0V, 16Mhz VCC = 3.0V, 8Mhz



PRCAN 13 12



PRPSC 8 7.5



PRTIM1 2 2



PRTIM0 1 1



PRSPI 2 2



PRLIN 5.5 5



PRADC 5 4.5



Related Links
PRR on page 65
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31. Register Summary



Offset Name Bit Pos.         



0x23 PINB 7:0 PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINB0



0x24 DDRB 7:0 DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRB0



0x25 PORTB 7:0 PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTB0



0x26 PINC 7:0 PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINC0



0x27 DDRC 7:0 DDRC7 DDRC6 DDRC5 DDRC4 DDRC3 DDRC2 DDRC1 DDRC0



0x28 PORTC 7:0 PORTC7 PORTC6 PORTC5 PORTC4 PORTC3 PORTC2 PORTC1 PORTC0



0x29 PIND 7:0 PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PIND0



0x2A DDRD 7:0 DDRD7 DDRD6 DDRD5 DDRD4 DDRD3 DDRD2 DDRD1 DDRD0



0x2B PORTD 7:0 PORTD7 PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTD0



0x2C PINE 7:0      PINE2 PINE1 PINE0



0x2D DDRE 7:0      DDRE2 DDRE1 DDRE0



0x2E PORTE 7:0      PORTE2 PORTE1 PORTE0



0x2F



...



0x34



Reserved          



0x35 TIFR0 7:0      OCFB OCFA TOV



0x36 TIFR1 7:0   ICF   OCFB OCFA TOV



0x37



...



0x38



Reserved          



0x39 GPIOR1 7:0 GPIOR1[7:0]



0x3A GPIOR2 7:0 GPIOR2[7:0]



0x3B PCIFR 7:0     PCIF3 PCIF2 PCIF1 PCIF0



0x3C EIFR 7:0     INTF3 INTF2 INTF1 INTF0



0x3D EIMSK 7:0     INT3 INT2 INT1 INT0



0x3E GPIOR0 7:0 GPIOR0[7:0]



0x3F EECR 7:0   EEPM1 EEPM0 EERIE EEMPE EEPE EERE



0x40 EEDR 7:0 EEDR[7:0]



0x41
EEAR



7:0 EEAR7 EEAR6 EEAR5 EEAR4 EEAR3 EEAR2 EEAR1 EEAR0



0x42 15:8       EEAR9 EEAR8



0x43 GTCCR 7:0 TSM ICPSEL1      PSRSYNC



0x44 TCCR0A 7:0 COM0A1 COM0A0 COM0B1 COM0B0   WGM01 WGM00



0x45 TCCR0B 7:0 FOC0A FOC0B   WGM02 CS0[2:0]



0x46 TCNT0 7:0 TCNT0[7:0]



0x47 OCR0A 7:0 OCR0A[7:0]



0x48 OCR0B 7:0 OCR0B[7:0]



0x49 PLLCSR 7:0      PLLF PLLE PLOCK



0x4A



...



0x4B



Reserved          



0x4C SPCR0 7:0 SPIE0 SPE0 DORD0 MSTR0 CPOL0 CPHA0 SPR01 SPR00



0x4D SPSR0 7:0 SPIF0 WCOL0      SPI2X0



0x4E SPDR0 7:0 SPID[7:0]



0x4F Reserved          
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Offset Name Bit Pos.         



0x50 ACSR 7:0 AC3IF AC2IF AC1IF AC0IF AC3O AC2O AC1O AC0O



0x51 DWDR 7:0 DWDR[7:0]



0x52 Reserved          



0x53 SMCR 7:0     SM2 SM1 SM0 SE



0x54 MCUSR 7:0     WDRF BORF EXTRF PORF



0x55 MCUCR 7:0 SPIPS   PUD   IVSEL IVCE



0x56 Reserved          



0x57 SPMCSR 7:0 SPMIE RWWSB SIGRD RWWSRE BLBSET PGWRT PGERS SPMEN



0x58



...



0x5C



Reserved          



0x5D
SPL and SPH



7:0 SP7 SP6 SP5 SP4 SP3 SP2 SP1 SP0



0x5E 15:8 SP10 SP9 SP8



0x5F SREG 7:0 I T H S V N Z C



0x60 WDTCSR 7:0 WDIF WDIE WDP[3] WDCE WDE WDP[2:0]



0x61 CLKPR 7:0 CLKPCE    CLKPS3 CLKPS2 CLKPS1 CLKPS0



0x62



...



0x63



Reserved          



0x64 PRR 7:0  PRCAN PRPSC PRTIM1 PRTIM0 PRSPI PRLIN PRADC



0x65 Reserved          



0x66 OSCCAL 7:0 CAL7 CAL6 CAL5 CAL4 CAL3 CAL2 CAL1 CAL0



0x67 Reserved          



0x68 PCICR 7:0     PCIE3 PCIE2 PCIE1 PCIE0



0x69 EICRA 7:0 ISC31 ISC30 ISC21 ISC20 ISC11 ISC10 ISC01 ISC00



0x6A PCMSK0 7:0 PCINT7 PCINT6 PCINT5 PCINT4 PCINT3 PCINT2 PCINT1 PCINT0



0x6B PCMSK1 7:0 PCINT15 PCINT14 PCINT13 PCINT12 PCINT11 PCINT10 PCINT9 PCINT8



0x6C PCMSK2 7:0 PCINT23 PCINT22 PCINT21 PCINT20 PCINT19 PCINT18 PCINT17 PCINT16



0x6D PCMSK3 7:0      PCINT26 PCINT25 PCINT24



0x6E TIMSK0 7:0      OCIEB OCIEA TOIE



0x6F TIMSK1 7:0   ICIE   OCIEB OCIEA TOIE



0x70



...



0x74



Reserved          



0x75 AMP0CSR 7:0 AMPmEN AMPmIS AMP0G[1:0] AMPCMPm AMPmTS[2:0]



0x76 AMP1CSR 7:0 AMPmEN AMPmIS AMP0G[1:0] AMPCMPm AMPmTS[2:0]



0x77 AMP2CSR 7:0 AMPmEN AMPmIS AMP0G[1:0] AMPCMPm AMPmTS[2:0]



0x78
ADCL and ADCH



7:0 ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADC1 ADC0



0x79 15:8       ADC9 ADC8



0x7A ADCSRA 7:0 ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0



0x7B ADCSRB 7:0 ADHSM ISRCEN AREFEN  ADTS[3:0]



0x7C ADMUX 7:0 REFS1 REFS0 ADLAR MUX4 MUX3 MUX2 MUX1 MUX0



0x7D Reserved          



0x7E DIDR0 7:0 ADC7D ADC6D ADC5D ADC4D ADC3D ADC2D ADC1D ADC0D



0x7F DIDR1 7:0   ADC5D ADC4D ADC3D ADC2D ADC1D ADC0D



0x80 TCCR1A 7:0 COM1 COM1 COM1 COM1   WGM11 WGM10



0x81 TCCR1B 7:0 ICNC1 ICES1  WGM13 WGM12 CS12 CS11 CS10
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Offset Name Bit Pos.         



0x82 TCCR1C 7:0 FOC1A FOC1B       



0x83 Reserved          



0x84 TCNT1L and



TCNT1H



7:0 TCNT1[7:0]



0x85 15:8 TCNT1[15:8]



0x86
ICR1L and ICR1H



7:0 ICR1[7:0]



0x87 15:8 ICR1[15:8]



0x88 OCR1AL and



OCR1AH



7:0 OCR1A[7:0]



0x89 15:8 OCR1A[15:8]



0x8A OCR1BL and



OCR1BH



7:0 OCR1B[7:0]



0x8B 15:8 OCR1B[15:8]



0x8C



...



0x8F



Reserved          



0x90 DACON 7:0 DAATE DATS[2:0]  DALA DAOE DAEN



0x91
DAC



7:0 DAC7 DAC6 DAC5 DAC4 DAC3 DAC2 DAC1 DAC0



0x92 15:8       DAC9 DAC8



0x93 Reserved          



0x94 AC0CON 7:0 AC0EN AC0IE AC0IS[1:0] ACCKSEL AC0M[2:0]



0x95 AC1CON 7:0 AC1EN AC1IE AC1IS[1:0] AC1ICE AC1M[2:0]



0x96 AC2CON 7:0 AC2EN AC1IE AC2IS[1:0]  AC2M[2:0]



0x97 AC3CON 7:0 AC3EN AC3IE AC3IS[1:0]  AC3M[2:0]



0x98



...



0x9F



Reserved          



0xA0
POCR0SA



7:0 POCRmSAL[7:0]



0xA1 15:8     POCRmSAH[11:8]



0xA2
POCR0RA



7:0 POCRmRAL[7:0]



0xA3 15:8     POCRmRAH[11:8]



0xA4
POCR0SB



7:0 POCRmSBL[7:0]



0xA5 15:8     POCRmSBH[11:8]



0xA6
POCR1SA



7:0 POCRmSAL[7:0]



0xA7 15:8     POCRmSAH[11:8]



0xA8
POCR1RA



7:0 POCRmRAL[7:0]



0xA9 15:8     POCRmRAH[11:8]



0xAA
POCR1SB



7:0 POCRmSBL[7:0]



0xAB 15:8     POCRmSBH[11:8]



0xAC
POCR2SA



7:0 POCRmSAL[7:0]



0xAD 15:8     POCRmSAH[11:8]



0xAE
POCR2RA



7:0 POCRmRAL[7:0]



0xAF 15:8     POCRmRAH[11:8]



0xB0
POCR2SB



7:0 POCRmSBL[7:0]



0xB1 15:8     POCRmSBH[11:8]



0xB2
POCR_RB



7:0 POCR_RBL[7:0]



0xB3 15:8     POCR_RBH[11:8]



0xB4 PSYNC 7:0   PSYNC2[1:0] PSYNC1[1:0] PSYNC0[1:0]



0xB5 PCNF 7:0   PULOCK PMODE POPB POPA   



0xB6 POC 7:0   POEN2B POEN2A POEN1B POEN1A POEN0B POEN0A



Atmel ATmega16M1/32M1/64M1 [DATASHEET]
Atmel-8209F-ATmega16M1/32M1/64M1_Datasheet_Complete-10/2016



416











Offset Name Bit Pos.         



0xB7 PCTL 7:0 PPRE[1:0] PCLKSEL    PCCYC PRUN



0xB8 PMIC0 7:0 POVENm PISELm PELEVm PFLTEm PAOCm PRFMm[2:0]



0xB9 PMIC1 7:0 POVENm PISELm PELEVm PFLTEm PAOCm PRFMm[2:0]



0xBA PMIC2 7:0 POVENm PISELm PELEVm PFLTEm PAOCm PRFMm[2:0]



0xBB PIM 7:0     PEVE2 PEVE1 PEVE PEOPE



0xBC PIFR 7:0     PEV2 PEV1 PEV PEOP



0xBD



...



0xC7



Reserved          



0xC8 LINCR 7:0 LSWRES LIN13 LCONF[1:0] LENA LCMD[2:0]



0xC9 LINSIR 7:0 LIDST[2:0] LBUSY LERR LIDOK LTXOK LRXOK



0xCA LINENIR 7:0     LENERR LENIDOK LENTXOK LENRXOK



0xCB LINERR 7:0 LABORT LTOERR LOVERR LFERR LSERR LPERR LCERR LBERR



0xCC LINBTR 7:0 LDISR  LBT[5:0]



0xCD
LINBRR



7:0 LDIV7 LDIV6 LDIV5 LDIV4 LDIV3 LDIV2 LDIV1 LDIV0



0xCE 15:8     LDIV11 LDIV10 LDIV9 LDIV8



0xCF LINDLR 7:0 LTXDL0[3:0] LRXDL0[3:0]



0xD0 LINIDR 7:0 LP1 LP0 LDL1 LDL0 LID3 LID2 LID1 LID0



0xD1 LINSEL 7:0    LAINC1 LAINC0 LINDX2 LINDX1 LINDX0



0xD2 LINDAT 7:0 LDATA7 LDATA6 LDATA5 LDATA4 LDATA3 LDATA2 LDATA1 LDATA0



0xD3



...



0xD7



Reserved          



0xD8 CANGCON 7:0 ABRQ OVRQ TTC SYNTTC LISTEN TEST ENA/STB SWRES



0xD9 CANGSTA 7:0  OVRG  TXBSY RXBSY ENFG BOFF ERRP



0xDA CANGIT 7:0 CANIT BOFFIT OVRTIM BXOK SERG CERG FERG AERG



0xDB CANGIE 7:0 ENIT ENBOFF ENRX ENTX ENERR ENBX ENERG ENOVRT



0xDC
CANEN



7:0   ENMOB5 ENMOB4 ENMOB3 ENMOB2 ENMOB1 ENMOB0



0xDD 15:8         



0xDE
CANIE



7:0   IEMOB5 IEMOB4 IEMOB3 IEMOB2 IEMOB1 IEMOB0



0xDF 15:8         



0xE0
CANSIT



7:0   SIT5 SIT4 SIT3 SIT2 SIT1 SIT0



0xE1 15:8         



0xE2 CANBT1 7:0  BRP5 BRP4 BRP3 BRP2 BRP1 BRP0  



0xE3 CANBT2 7:0  SJW1 SJW0  PRS2 PRS1 PRS0  



0xE4 CANBT3 7:0  PHS22 PHS21 PHS20 PHS12 PHS11 PHS10 SMP



0xE5 CANTCON 7:0 TPRSC7 TPRSC6 TPRSC5 TPRSC4 TPRSC3 TPRSC2 TPRSC1 TPRSC0



0xE6
CANTIM



7:0 CANTIM7 CANTIM6 CANTIM5 CANTIM4 CANTIM3 CANTIM2 CANTIM1 CANTIM0



0xE7 15:8 CANTIM15 CANTIM14 CANTIM13 CANTIM12 CANTIM11 CANTIM10 CANTIM9 CANTIM8



0xE8
CANTTC



7:0 TIMTTC7 TIMTTC6 TIMTTC5 TIMTTC4 TIMTTC3 TIMTTC2 TIMTTC1 TIMTTC0



0xE9 15:8 TIMTTC15 TIMTTC14 TIMTTC13 TIMTTC12 TIMTTC11 TIMTTC10 TIMTTC9 TIMTTC8



0xEA CANTEC 7:0 TEC7 TEC6 TEC5 TEC4 TEC3 TEC2 TEC1 TEC0



0xEB CANREC 7:0 REC7 REC6 REC5 REC4 REC3 REC2 REC1 REC0



0xEC CANHPMOB 7:0 HPMOB3 HPMOB2 HPMOB1 HPMOB0 CGP3 CGP2 CGP1 CGP0



0xED CANPAGE 7:0 MOBNB3 MOBNB2 MOBNB1 MOBNB0 AINC INDX2 INDX1 INDX0



0xEE CANSTMOB 7:0 DLCW TXOK RXOK BERR SERR CERR FERR AERR



0xEF CANCDMOB 7:0 CONMOB1 CONMOB0 RPLV IDE DLC3 DLC2 DLC1 DLC0
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Offset Name Bit Pos.         



0xF0



CANIDT



7:0      RTRTAG  RB0TAG



0xF1 15:8         



0xF2 23:16 IDT2 IDT1 IDT0      



0xF3 31:24 IDT10 IDT9 IDT8 IDT7 IDT6 IDT5 IDT4 IDT3



0xF4



CANIDM



7:0      RTRMSK  IDEMSK



0xF5 15:8         



0xF6 23:16 IDMSK2 IDMSK1 IDMSK0      



0xF7 31:24 IDMSK10 IDMSK9 IDMSK8 IDMSK7 IDMSK6 IDMSK5 IDMSK4 IDMSK3



0xF8
CANSTM



7:0 TIMSTM7 TIMSTM6 TIMSTM5 TIMSTM4 TIMSTM3 TIMSTM2 TIMSTM1 TIMSTM0



0xF9 15:8 TIMSTM15 TIMSTM14 TIMSTM13 TIMSTM12 TIMSTM11 TIMSTM10 TIMSTM9 TIMSTM8



0xFA CANMSG 7:0 MSG7 MSG6 MSG5 MSG4 MSG3 MSG2 MSG1 MSG0
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32. Instruction Set Summary
Table 31-1. Arithmetic and Logic Instructions



Mnemonic Operands Description Op Flags #Clocks
AVR



ADD Rd, Rr Add without Carry Rd ← Rd + Rr Z,C,N,V,S,H 1



ADC Rd, Rr Add with Carry Rd ← Rd + Rr + C Z,C,N,V,S,H 1



ADIW Rd, K Add Immediate to Word Rd ← Rd + 1:Rd + K Z,C,N,V,S 2



SUB Rd, Rr Subtract without Carry Rd ← Rd - Rr Z,C,N,V,S,H 1



SUBI Rd, K Subtract Immediate Rd ← Rd - K Z,C,N,V,S,H 1



SBC Rd, Rr Subtract with Carry Rd ← Rd - Rr - C Z,C,N,V,S,H 1



SBCI Rd, K Subtract Immediate with Carry Rd ← Rd - K - C Z,C,N,V,S,H 1



SBIW Rd, K Subtract Immediate from Word Rd + 1:Rd ← Rd + 1:Rd - K Z,C,N,V,S 2



AND Rd, Rr Logical AND Rd ← Rd • Rr Z,N,V,S 1



ANDI Rd, K Logical AND with Immediate Rd ← Rd • K Z,N,V,S 1



OR Rd, Rr Logical OR Rd ← Rd v Rr Z,N,V,S 1



ORI Rd, K Logical OR with Immediate Rd ← Rd v K Z,N,V,S 1



EOR Rd, Rr Exclusive OR Rd ← Rd ⊕ Rr Z,N,V,S 1



COM Rd One’s Complement Rd ← $FF - Rd Z,C,N,V,S 1



NEG Rd Two’s Complement Rd ← $00 - Rd Z,C,N,V,S,H 1



SBR Rd,K Set Bit(s) in Register Rd ← Rd v K Z,N,V,S 1



CBR Rd,K Clear Bit(s) in Register Rd ← Rd • ($FFh - K) Z,N,V,S 1



INC Rd Increment Rd ← Rd + 1 Z,N,V,S 1



DEC Rd Decrement Rd ← Rd - 1 Z,N,V,S 1



TST Rd Test for Zero or Minus Rd ← Rd • Rd Z,N,V,S 1



CLR Rd Clear Register Rd ← Rd ⊕ Rd Z,N,V,S 1



SER Rd Set Register Rd ← $FF None 1



MUL Rd,Rr Multiply Unsigned R1:R0 ← Rd x Rr (UU) Z,C 2



MULS Rd,Rr Multiply Signed R1:R0 ← Rd x Rr (SS) Z,C 2



MULSU Rd,Rr Multiply Signed with Unsigned R1:R0 ← Rd x Rr (SU) Z,C 2



FMUL Rd,Rr Fractional Multiply Unsigned R1:R0 ← Rd x Rr<<1 (UU) Z,C 2



FMULS Rd,Rr Fractional Multiply Signed R1:R0 ← Rd x Rr<<1 (SS) Z,C 2



FMULSU Rd,Rr Fractional Multiply Signed with
Unsigned



R1:R0 ← Rd x Rr<<1 (SU) Z,C 2



Table 31-2. Branch Instructions



Mnemonic Operands Description Op Flags #Clocks
AVR



RJMP k Relative Jump PC ← PC + k + 1 None 2



IJMP Indirect Jump to (Z) PC(15:0)



PC(21:16)



←



←



Z



0



None 2



JMP k Jump PC ← k None 3



RCALL k Relative Call Subroutine PC ← PC + k + 1 None 3 / 4(1)
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Mnemonic Operands Description Op Flags #Clocks
AVR



ICALL Indirect Call to (Z) PC(15:0)



PC(21:16)



←



←



Z



0



None 3 / 4(1)



CALL k call Subroutine PC ← k None 4 / 5(1)



RET Subroutine Return PC ← STACK None 4 / 5(1)



RETI Interrupt Return PC ← STACK I 4 / 5(1)



CPSE Rd,Rr Compare, Skip if Equal if (Rd = Rr) PC ← PC + 2 or 3 None 1 / 2 / 3



CP Rd,Rr Compare Rd - Rr Z,C,N,V,S,H 1



CPC Rd,Rr Compare with Carry Rd - Rr - C Z,C,N,V,S,H 1



CPI Rd,K Compare with Immediate Rd - K Z,C,N,V,S,H 1



SBRC Rr, b Skip if Bit in Register Cleared if (Rr(b) = 0) PC ← PC + 2 or 3 None 1 / 2 / 3



SBRS Rr, b Skip if Bit in Register Set if (Rr(b) = 1) PC ← PC + 2 or 3 None 1 / 2 / 3



SBIC A, b Skip if Bit in I/O Register Cleared if (I/O(A,b) = 0) PC ← PC + 2 or 3 None 1 / 2 / 3



SBIS A, b Skip if Bit in I/O Register Set If (I/O(A,b) =1) PC ← PC + 2 or 3 None 1 / 2 / 3



BRBS s, k Branch if Status Flag Set if (SREG(s) = 1) then PC ← PC + k + 1 None 1 / 2



BRBC s, k Branch if Status Flag Cleared if (SREG(s) = 0) then PC ← PC + k + 1 None 1 / 2



BREQ k Branch if Equal if (Z = 1) then PC ← PC + k + 1 None 1 / 2



BRNE k Branch if Not Equal if (Z = 0) then PC ← PC + k + 1 None 1 / 2



BRCS k Branch if Carry Set if (C = 1) then PC ← PC + k + 1 None 1 / 2



BRCC k Branch if Carry Cleared if (C = 0) then PC ← PC + k + 1 None 1 / 2



BRSH k Branch if Same or Higher if (C = 0) then PC ← PC + k + 1 None 1 / 2



BRLO k Branch if Lower if (C = 1) then PC ← PC + k + 1 None 1 / 2



BRMI k Branch if Minus if (N = 1) then PC ← PC + k + 1 None 1 / 2



BRPL k Branch if Plus if (N = 0) then PC ← PC + k + 1 None 1 / 2



BRGE k Branch if Greater or Equal, Signed if (N ⊕ V= 0) then PC ← PC + k + 1 None 1 / 2



BRLT k Branch if Less Than, Signed if (N ⊕ V= 1) then PC ← PC + k + 1 None 1 / 2



BRHS k Branch if Half Carry Flag Set if (H = 1) then PC ← PC + k + 1 None 1 / 2



BRHC k Branch if Half Carry Flag Cleared if (H = 0) then PC ← PC + k + 1 None 1 / 2



BRTS k Branch if T Flag Set if (T = 1) then PC ← PC + k + 1 None 1 / 2



BRTC k Branch if T Flag Cleared if (T = 0) then PC ← PC + k + 1 None 1 / 2



BRVS k Branch if Overflow Flag is Set if (V = 1) then PC ← PC + k + 1 None 1 / 2



BRVC k Branch if Overflow Flag is Cleared if (V = 0) then PC ← PC + k + 1 None 1 / 2



BRIE k Branch if Interrupt Enabled if (I = 1) then PC ← PC + k + 1 None 1 / 2



BRID k Branch if Interrupt Disabled if (I = 0) then PC ← PC + k + 1 None 1 / 2



Table 31-3. Data Transfer Instructions



Mnemonic Operands Description Op Flags #Clocks
AVR



MOV Rd, Rr Copy Register Rd ← Rr None 1



MOVW Rd, Rr Copy Register Pair Rd+1:Rd ← Rr+1:Rr None 1



LDI Rd, K Load Immediate Rd ← K None 1



LDS Rd, k Load Direct from data space Rd ← (k) None 2(1)
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Mnemonic Operands Description Op Flags #Clocks
AVR



LD Rd, X Load Indirect Rd ← (X) None 2(1)



LD Rd, X+ Load Indirect and Post-Increment Rd



X



←



←



(X)



X + 1



None 2(1)



LD Rd, -X Load Indirect and Pre-Decrement X



Rd



←



←



X - 1



(X)



None 2(1)



LD Rd, Y Load Indirect Rd ← (Y) None 2(1)



LD Rd, Y+ Load Indirect and Post-Increment Rd



Y



←



←



(Y)



Y + 1



None 2(1)



LD Rd, -Y Load Indirect and Pre-Decrement Y



Rd



←



←



Y - 1



(Y)



None 2(1)



LDD Rd, Y+q Load Indirect with Displacement Rd ← (Y + q) None 2(1)



LD Rd, Z Load Indirect Rd ← (Z) None 2(1)



LD Rd, Z+ Load Indirect and Post-Increment Rd



Z



←



←



(Z)



Z+1



None 2(1)



LD Rd, -Z Load Indirect and Pre-Decrement Z



Rd



←



←



Z - 1



(Z)



None 2(1)



LDD Rd, Z+q Load Indirect with Displacement Rd ← (Z + q) None 2(1)



STS k, Rr Store Direct to Data Space (k) ← Rd None 2(1)(2)



ST X, Rr Store Indirect (X) ← Rr None 1(1)(2)



ST X+, Rr Store Indirect and Post-Increment (X)



X



←



←



Rr



X + 1



None 1(1)(2)



ST -X, Rr Store Indirect and Pre-Decrement X



(X)



←



←



X - 1



Rr



None 2(1)(2)



ST Y, Rr Store Indirect (Y) ← Rr None 2(1)(2)



ST Y+, Rr Store Indirect and Post-Increment (Y)



Y



←



←



Rr



Y + 1



None 2(1)(2)



ST -Y, Rr Store Indirect and Pre-Decrement Y



(Y)



←



←



Y - 1



Rr



None 2(1)(2)



STD Y+q, Rr Store Indirect with Displacement (Y + q) ← Rr None 2(1)(2)



ST Z, Rr Store Indirect (Z) ← Rr None 2(1)(2)



ST Z+, Rr Store Indirect and Post-Increment (Z)



Z



←



←



Rr



Z + 1



None 2(1)(2)



ST -Z, Rr Store Indirect and Pre-Decrement Z ← Z - 1 None 2(1)(2)



STD Z+q,Rr Store Indirect with Displacement (Z + q) ← Rr None 2(1)(2)



LPM Load Program Memory R0 ← (Z) None 3



LPM Rd, Z Load Program Memory Rd ← (Z) None 3



LPM Rd, Z+ Load Program Memory and Post-
Increment



Rd



Z



←



←



(Z)



Z + 1



None 3



SPM Store Program Memory (RAMPZ:Z) ← R1:R0 None (4)



SPM Z+ Store Program Memory and Post-
Increment by 2



(RAMPZ:Z)



Z



←



←



R1:R0



Z + 2



None (4)
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Mnemonic Operands Description Op Flags #Clocks
AVR



IN Rd, A In From I/O Location Rd ← I/O(A) None 1



OUT A, Rr Out To I/O Location I/O(A) ← Rr None 1



PUSH Rr Push Register on Stack STACK ← Rr None 2



POP Rd Pop Register from Stack Rd ← STACK None 2



Table 31-4. Bit and Bit-test Instructions



Mnemonic Operands Description Op Flags #Clocks
AVR



LSL Rd Logical Shift Left Rd(n+1)



Rd(0)



C



←



←



←



Rd(n)



0



Rd(7)



Z,C,N,V,H 1



LSR Rd Logical Shift Right Rd(n)



Rd(7)



C



←



←



←



Rd(n+1)



0



Rd(0)



Z,C,N,V 1



ROL Rd Rotate Left Through Carry Rd(0)



Rd(n+1)



C



←



←



←



C



Rd(n)



Rd(7)



Z,C,N,V,H 1



ROR Rd Rotate Right Through Carry Rd(7)



Rd(n)



C



←



←



←



C



Rd(n+1)



Rd(0)



Z,C,N,V 1



ASR Rd Arithmetic Shift Right Rd(n) ← Rd(n+1), n=0..6 Z,C,N,V 1



SWAP Rd Swap Nibbles Rd(3..0) ↔ Rd(7..4) None 1



SBI A, b Set Bit in I/O Register I/O(A, b) ← 1 None 2



CBI A, b Clear Bit in I/O Register I/O(A, b) ← 0 None 2



BST Rr, b Bit Store from Register to T T ← Rr(b) T 1



BLD Rd, b Bit load from T to Register Rd(b) ← T None 1



BSET s Flag Set SREG(s) ← 1 SREG(s) 1



BCLR s Flag Clear SREG(s) ← 0 SREG(s) 1



SEC Set Carry C ← 1 C 1



CLC Clear Carry C ← 0 C 1



SEN Set Negative Flag N ← 1 N 1



CLN Clear Negative Flag N ← 0 N 1



SEZ Set Zero Flag Z ← 1 Z 1



CLZ Clear Zero Flag Z ← 0 Z 1



SEI Global Interrupt Enable I ← 1 I 1



CLI Global Interrupt Disable I ← 0 I 1



SES Set Signed Test Flag S ← 1 S 1



CLS Clear Signed Test Flag S ← 0 S 1



SEV Set Two’s Complement Overflow V ← 1 V 1



CLV Clear Two’s Complement Overflow V ← 0 V 1



SET Set T in SREG T ← 1 T 1



CLT Clear T in SREG T ← 0 T 1
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Mnemonic Operands Description Op Flags #Clocks
AVR



SEH Set Half Carry Flag in SREG H ← 1 H 1



CLH Clear Half Carry Flag in SREG H ← 0 H 1



Table 31-5. MCU Control Instructions



Mnemonic Operands Description Operation Flags #Clocks
AVR



BREAK Break (See also in Debug interface description) None 1



NOP No Operation None 1



SLEEP Sleep (see also power management and sleep description) None 1



WDR Watchdog Reset (see also Watchdog Controller description) None 1



Note: 
1. Cycle time for data memory accesses assume internal RAM access, and are not valid for accesses



through the NVM controller. A minimum of one extra cycle must be added when accessing memory
through the NVM controller (such as Flash and EEPROM), but depending on simultaneous
accesses by other masters or the NVM controller state, there may be more than one extra cycle.



2. One extra cycle must be added when accessing lower (64 bytes of) I/O space.
3. The instruction is not available on all devices.
4. Device dependent. Please see the device specific datasheet.
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33. Errata



33.1. Errata ATmega16M1
The revision letter in this section refers to revisions of the ATmega16M1 device.



Rev. A Not Sampled.



33.2. Errata ATmega32M1
The revision letter in this section refers to revisions of the ATmega32M1 device.



Rev. A Not Sampled.



33.3. Errata ATmega64M1
The revision letter in this section refers to revisions of the ATmega64M1 device.



Rev. A Not Sampled.
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34. Packaging Information



34.1. 32-pin 32A



TITLE DRAWING NO. REV.  
32A, 32-lead, 7 x 7mm body size, 1.0mm body thickness,
0.8mm lead pitch, thin profile plastic quad flat package (TQFP) C32A



2010-10-20



PIN 1 IDENTIFIER



0°~7°



PIN 1 



L



C



A1 A2 A



D1



D



e E1 E



B



Notes:
 1. This package conforms to JEDEC reference MS-026, Variation ABA. 
 2. Dimensions D1 and E1 do not include mold protrusion.  Allowable 
  protrusion is 0.25mm per side. Dimensions D1 and E1 are maximum 
  plastic body size dimensions including mold mismatch.
 3. Lead coplanarity is 0.10mm maximum.



 A – – 1.20



 A1 0.05 – 0.15



 A2  0.95 1.00 1.05           



 D 8.75 9.00 9.25



 D1 6.90 7.00 7.10 Note 2



 E 8.75 9.00 9.25



 E1 6.90 7.00 7.10 Note 2



 B                 0.30 – 0.45



 C 0.09 – 0.20



 L 0.45 –  0.75



 e  0.80 TYP



COMMON DIMENSIONS
(Unit of measure = mm)



SYMBOL MIN NOM MAX NOTE
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34.2. PV 32 QFN



PV, 32 - lead 7.0mm x 7.0mm body, 0.65mm pitch
quad f at no lead package (QFN)
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35. Datasheet revision history
Please note that the referring page numbers in this section are referred to this document. The referring
revision in this section are referring to the document revision.



35.1. 8209F – 10/2016



1. Content editing updates



35.2. 8209E – 11/2012



1. Electrical characteristics added



2. Updated the whole content with Atmel new logo



3. Content editing updates



35.3. 8209D – 11/10



1. Updated footnote 1in “Features” on page 1.



2. Removed the chapter “Disclaimer” from the datasheet.



3. Updated the table Table 27-18 on page 305 with a correct reference for Read Fuse bits.



4. Updated “SPI Serial Programming Characteristics” on page 306 with correct link.



5. Added typical values for RAIN and CAIN (both “single ended input” and “differential inputs”) in Table
28-7 on page 314.



6. Added “PCICR” in “Register Summary” on page 320.



7. Content editing updates.



8. Updated the last page according to Atmel new brand style guide.



35.4. 8209C – 05/10



1. Replaced 32M1-A package information drawing with PV drawing on page 334.



2. Updated ordering information with correct info on PV package.



35.5. 8209B – 10/09



1. Updated “Temperature Measurement” on page 236.



2. Updated “Manufacturing Calibration” on page 237.
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35.6. 8209A – 08/09



1. Initial revision.
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Features
• High performance, low power Atmel® AVR® 8-bit microcontroller
• Advanced RISC architecture



– 131 powerful instructions - most single clock cycle execution
– 32 × 8 general purpose working registers
– Fully static operation
– Up to 1 MIPS throughput per MHz
– On-chip 2-cycle multiplier



• Data and non-volatile program memory
– 16/32/64KBytes flash of in-system programmable program memory
– 512B/1K/2KBytes of in-system programmable EEPROM
– 1/2/4KBytes internal SRAM
– Write/erase cycles: 10,000 flash/ 100,000 EEPROM
– Data retention: 20 years at 85°C/ 100 years at 25°C (1)



– Optional boot code section with independent lock bits
In-system programming by on-chip boot program
True read-while-write operation



– Programming lock for flash program and EEPROM data security
• On-chip debug interface (debugWIRE)
• CAN 2.0A/B with six message objects - ISO 16845 certified
• LIN 2.1 and 1.3 controller or 8-bit UART
• One 12-bit high speed PSC (power stage controller)



– Non overlapping inverted PWM output pins with flexible dead-time
– Variable PWM duty cycle and frequency
– Synchronous update of all PWM registers
– Auto stop function for emergency event



• Peripheral features
– One 8-bit general purpose timer/counter with separate prescaler, compare mode and capture mode
– One 16-bit general purpose timer/counter with separate prescaler, compare mode and capture mode
– One master/slave SPI serial interface
– 10-bit ADC



Up to 11 single ended channels and three fully differential ADC channel pairs
Programmable gain (5×, 10×, 20×, 40×) on differential channels
Internal reference voltage
Direct power supply voltage measurement



– 10-bit DAC for variable voltage reference (comparators, ADC)
– Four analog comparators with variable threshold detection
– 100µA ±2% current source (LIN node identification)
– Interrupt and wake-up on pin change
– Programmable watchdog timer with separate on-chip oscillator
– On-chip temperature sensor



• Special microcontroller features
– Low power idle, noise reduction, and power down modes
– Power on reset and programmable brown-out detection
– In-system programmable via SPI port
– High precision crystal oscillator for CAN operations (16MHz)
– Internal calibrated RC oscillator (8MHz)
– On-chip PLL for fast PWM (32MHz, 64MHz) and CPU (16MHz)



• Operating voltage: 2.7V - 5.5V
• Extended operating temperature:



– -40°C to +85°C
• Core speed grade:



– 0 - 8MHz @ 2.7 - 4.5V
– 0 - 16MHz @ 4.5 - 5.5V



8-bit Atmel megaAVR Microcontroller



ATmega16M1 / ATmega32M1 / ATmega64M1



Summary











2ATmega16M1/32M1/64M1 [DATASHEET]
8209ES–AVR–11/2012



1. Pin configurations



Figure 1-1. Atmel ATmega16M1/32M1/64M1 TQFP32/QFN32 (7mm × 7mm) package.
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(PCINT18/PSCIN2/OC1A/MISO_A) PD2
(PCINT19/TXD/TXLIN/OC0A/SS/MOSI_A) PD3



(PCINT9/PSCIN1/OC1B/SS_A) PC1
VCC
GND



 (PCINT10/T0/TXCAN) PC2
(PCINT11/T1/RXCAN/ICP1B) PC3
(PCINT0/MISO/PSCOUT2A) PB0



PB4 (AMP0+/PCINT4) 
PB3 (AMP0-/PCINT3)
PC6 (ADC10/ACMP1/PCINT14)
AREF(ISRC)
AGND
AVCC
PC5 (ADC9/ACMP3/AMP1+/PCINT13)
PC4 (ADC8/ACMPN3/AMP1-/PCINT12)
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1.1 Pin descriptions
 



Table 1-1. Pinout description.



QFN32 pin 
number Mnemonic Type Name, function, and alternate function



5 GND Power Ground: 0V reference



20 AGND Power Analog ground: 0V reference for analog part



4 VCC Power Power supply



19 AVCC Power
Analog power supply: This is the power supply voltage for analog 
part



For a normal use this pin must be connected



21 AREF Power



Analog reference: reference for analog converter . This is the 
reference voltage of the A/D converter. As output, can be used by 
external analog



ISRC (Current Source Output)



8 PB0 I/O



MISO (SPI Master In Slave Out)



PSCOUT2A (1) (PSC Module 2 Output A)



PCINT0 (Pin Change Interrupt 0)



9 PB1 I/O



MOSI (SPI Master Out Slave In)



PSCOUT2B (1) (PSC Module 2 Output B)



PCINT1 (Pin Change Interrupt 1)



16 PB2 I/O



ADC5 (Analog Input Channel 5)



INT1 (External Interrupt 1 Input)



ACMPN0 (Analog Comparator 0 Negative Input)



PCINT2 (Pin Change Interrupt 2)



23 PB3 I/O
AMP0- (Analog Differential Amplifier 0 Negative Input)



PCINT3 (Pin Change Interrupt 3)



24 PB4 I/O
AMP0+ (Analog Differential Amplifier 0 Positive Input)



PCINT4 (Pin Change Interrupt 4)



26 PB5 I/O



ADC6 (Analog Input Channel 6)



INT2 (External Interrupt 2 Input)



ACMPN1 (Analog Comparator 1 Negative Input)



AMP2- (Analog Differential Amplifier 2 Negative Input)



PCINT5 (Pin Change Interrupt 5)



27 PB6 I/O



ADC7 (Analog Input Channel 7)



PSCOUT1B (1) (PSC Module 1 Output A)



PCINT6 (Pin Change Interrupt 6)



28 PB7 I/O



ADC4 (Analog Input Channel 4)



PSCOUT0B (1) (PSC Module 0 Output B)



SCK (SPI Clock)



PCINT7 (Pin Change Interrupt 7)



30 PC0 I/O



PSCOUT1A (1) (PSC Module 1 Output A)



INT3 (External Interrupt 3 Input)



PCINT8 (Pin Change Interrupt 8)
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3 PC1 I/O



PSCIN1 (PSC Digital Input 1)



OC1B (Timer 1 Output Compare B)



SS_A (Alternate SPI Slave Select)



PCINT9 (Pin Change Interrupt 9)



6 PC2 I/O



T0 (Timer 0 clock input)



TXCAN (CAN Transmit Output)



PCINT10 (Pin Change Interrupt 10)



7 PC3 I/O



T1 (Timer 1 clock input)



RXCAN (CAN Receive Input)



ICP1B (Timer 1 input capture alternate B input)



PCINT11 (Pin Change Interrupt 11)



17 PC4 I/O



ADC8 (Analog Input Channel 8)



AMP1- (Analog Differential Amplifier 1 Negative Input)



ACMPN3 (Analog Comparator 3 Negative Input )



PCINT12 (Pin Change Interrupt 12)



18 PC5 I/O



ADC9 (Analog Input Channel 9)



AMP1+ (Analog Differential Amplifier 1 Positive Input)



ACMP3 (Analog Comparator 3 Positive Input)



PCINT13 (Pin Change Interrupt 13)



22 PC6 I/O



ADC10 (Analog Input Channel 10)



ACMP1 (Analog Comparator 1 Positive Input)



PCINT14 (Pin Change Interrupt 14)



25 PC7 I/O



D2A (DAC output)



AMP2+ (Analog Differential Amplifier 2 Positive Input)



PCINT15 (Pin Change Interrupt 15)



29 PD0 I/O
PSCOUT0A (1) (PSC Module 0 Output A)



PCINT16 (Pin Change Interrupt 16)



32 PD1 I/O



PSCIN0 (PSC Digital Input 0)



CLKO (System Clock Output)



PCINT17 (Pin Change Interrupt 17)



1 PD2 I/O



OC1A (Timer 1 Output Compare A)



PSCIN2 (PSC Digital Input 2)



MISO_A (Programming & alternate SPI Master In Slave Out)



PCINT18 (Pin Change Interrupt 18)



2 PD3 I/O



TXD (UART Tx data)



TXLIN (LIN Transmit Output)



OC0A (Timer 0 Output Compare A)



SS (SPI Slave Select)



MOSI_A (Programming & alternate Master Out SPI Slave In)



PCINT19 (Pin Change Interrupt 19)



Table 1-1. Pinout description. (Continued)



QFN32 pin 
number Mnemonic Type Name, function, and alternate function
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Note: 1. Only for Atmel Atmega32M1/64M1.



2. On the engineering samples, the ACMPN3 alternate function is not located on PC4. It is located on PE2.



2. Overview
The Atmel ATmega16M1/32M1/64M1 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced
RISC architecture. By executing powerful instructions in a single clock cycle, the ATmega16M1/32M1/64M1
achieves throughputs approaching 1 MIPS per MHz allowing the system designer to optimize power consumption
versus processing speed.



12 PD4 I/O



ADC1 (Analog Input Channel 1)



RXD (UART Rx data)



RXLIN (LIN Receive Input)



ICP1A (Timer 1 input capture alternate A input)



SCK_A (Programming & alternate SPI Clock)



PCINT20 (Pin Change Interrupt 20)



13 PD5 I/O



ADC2 (Analog Input Channel 2)



ACMP2 (Analog Comparator 2 Positive Input)



PCINT21 (Pin Change Interrupt 21)



14 PD6 I/O



ADC3 (Analog Input Channel 3)



ACMPN2 (Analog Comparator 2 Negative Input)



INT0 (External Interrupt 0 Input)



PCINT22 (Pin Change Interrupt 22)



15 PD7 I/O
ACMP0 (Analog Comparator 0 Positive Input)



PCINT23 (Pin Change Interrupt 23)



31 PE0 I/O or I



RESET (Reset Input)



OCD (On Chip Debug I/O)



PCINT24 (Pin Change Interrupt 24)



10 PE1 I/O



XTAL1 (XTAL Input)



OC0B (Timer 0 Output Compare B)



PCINT25 (Pin Change Interrupt 25)



11 PE2 I/O



XTAL2 (XTAL Output)



ADC0 (Analog Input Channel 0)



PCINT26 (Pin Change Interrupt 26)



Table 1-1. Pinout description. (Continued)



QFN32 pin 
number Mnemonic Type Name, function, and alternate function
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2.1 Block diagram



Figure 2-1. Block diagram.



The AVR core combines a rich instruction set with 32 general purpose working registers. All the 32 registers are
directly connected to the Arithmetic Logic Unit (ALU), allowing two independent registers to be accessed in one
single instruction executed in one clock cycle. The resulting architecture is more code efficient while achieving
throughputs up to ten times faster than conventional CISC microcontrollers.



The Atmel ATmega16M1/32M1/64M1 provides the following features: 16/32/64Kbytes of In-System Programmable
Flash with Read-While-Write capabilities, 512B/1K/2Kbytes EEPROM, 1/2/4Kbytes SRAM, 27 general purpose I/O
lines, 32 general purpose working registers, one Motor Power Stage Controller, two flexible Timer/Counters with
compare modes and PWM, one UART with HW LIN, an 11-channel 10-bit ADC with two differential input stages
with programmable gain, a 10-bit DAC, a programmable Watchdog Timer with Internal Individual Oscillator, an SPI
serial port, an On-chip Debug system and four software selectable power saving modes.



The Idle mode stops the CPU while allowing the SRAM, Timer/Counters, SPI ports, CAN, LIN/UART and interrupt
system to continue functioning. The Power-down mode saves the register contents but freezes the Oscillator, dis-
abling all other chip functions until the next interrupt or Hardware Reset. The ADC Noise Reduction mode stops the
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CPU and all I/O modules except ADC, to minimize switching noise during ADC conversions. In Standby mode, the
Crystal/Resonator Oscillator is running while the rest of the device is sleeping. This allows very fast start-up com-
bined with low power consumption.



The device is manufactured using the Atmel high-density nonvolatile memory technology. The On-chip ISP Flash
allows the program memory to be reprogrammed in-system through an SPI serial interface, by a conventional non-
volatile memory programmer, or by an On-chip Boot program running on the AVR core. The boot program can use
any interface to download the application program in the application Flash memory. Software in the Boot Flash
section will continue to run while the Application Flash section is updated, providing true Read-While-Write opera-
tion. By combining an 8-bit RISC CPU with In-System Self-Programmable Flash on a monolithic chip, the Atmel
ATmega16M1/32M1/64M1 is a powerful microcontroller that provides a highly flexible and cost effective solution to
many embedded control applications.



The Atmel ATmega16M1/32M1/64M1 AVR is supported with a full suite of program and system development tools
including: C compilers, macro assemblers, program debugger/simulators, in-circuit emulators, and evaluation kits.
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3. Ordering information



3.1 Atmel ATmega16M1



3.2 Atmel ATmega32M1



3.3 Atmel ATmega64M1



Note: All packages are Pb free, fully LHF.



Speed Power supply Ordering code Package Operation range



16MHz 2.7V - 5.5V
ATmega16M1 - AU 32A Industrial



(-40C to 85C)ATmega16M1 - MU PV



Speed Power supply Ordering code Package Operation range



16MHz 2.7V - 5.5V
ATmega32M1 - AU 32A Industrial



(-40C to 85C)ATmega32M1 - MU PV



Speed Power supply Ordering code Package Operation range



16MHz 2.7V - 5.5V
ATmega64M1 - AU 32A Industrial



(-40C to 85C)ATmega64M1 - MU PV



Package type



32A 32-lead, thin (1.0mm) plastic quad flat package (TQFP)



PV PV, 32-lead, 7.0mm × 7.0mm body, 0.65mm pitch quad flat no lead package (QFN)
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4. Packaging information



4.1 32A



  2325 Orchard Parkway
  San Jose, CA  95131



TITLE DRAWING NO.



R



REV.  



32A, 32-lead, 7 x 7mm body size, 1.0mm body thickness,
0.8mm lead pitch, thin profile plastic quad flat package (TQFP) 



C32A



2010-10-20



PIN 1 IDENTIFIER



0°~7°



PIN 1 



L



C



A1 A2 A



D1



D



e
E1 E



B



Notes:
 1. This package conforms to JEDEC reference MS-026, Variation ABA. 
 2. Dimensions D1 and E1 do not include mold protrusion.  Allowable 
  protrusion is 0.25mm per side. Dimensions D1 and E1 are maximum 
  plastic body size dimensions including mold mismatch.
 3. Lead coplanarity is 0.10mm maximum.



 A – – 1.20



 A1 0.05 – 0.15



 A2  0.95 1.00 1.05           



 D 8.75 9.00 9.25



 D1 6.90 7.00 7.10 Note 2



 E 8.75 9.00 9.25



 E1 6.90 7.00 7.10 Note 2



 B           0.30 – 0.45



 C 0.09 – 0.20



 L 0.45 –  0.75



 e  0.80 TYP



COMMON DIMENSIONS
(Unit of measure = mm)



SYMBOL MIN NOM MAX NOTE
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4.2 PV



PV, 32 - lead 7.0mm x 7.0mm body, 0.65mm pitch
quad flat no lead package (QFN)
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- Connection of more than 16 different
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channel, active low pass filter
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- Automatic channel parameterization
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Specifications MX840B



General specifications



Inputs Number 8, electrically isolated from each other and from the supply
voltage1)



Transducer technologies Strain gauge full and half bridge, quarter-bridge with
1−SCM−SG120/350/700/1000, inductive full and half bridge,



piezoresistive full bridge, current-fed piezoelectric
transducer (IEPE, ICP), potentiometric transducers,



electrical voltage (100 mV, 10 V, 60 V direct, up to 300 V
CAT II with 1−SCM−HV), electrical current (20 mA);



resistance (e. g. PTC, NTC, KTY); resistance thermometer
(PT100, PT1000); thermocouples (K, N, E, T, S, ...) with cold



junction in the plug (1−THERMO−MXBOARD)
Additional support on channel 5−8:
frequency, incremental rotary encoder, speed sensor (rpm),



pulse counter, HBM torque, SSI protocol
Additional for channel 1:
CAN bus, receive any signal or send measurement signals



A/D converter 24 Bit Delta Sigma converter



Sample rates (Domain selectable by software, Factory
setting is HBM Classic)



S/s Decimal: 0.1 … 40,000



HBM Classic: 0.1 … 38,400 5)



Signal bandbwidth Hz 7770 (−3dB) with filter Linear phase,
6667 Hz



Active low-pass filter Bessel, Butterworth, Linear phase,
0.01 … 6667 Hz (−3dB), Filter OFF 6)



Transducer identification TEDS, IEEE 1451.4
max. distance of the TEDS module m 100



Transducer connection D-SUB-15HD
Supply voltage range (DC) V 10 ... 30 (24 V nominal (rated) voltage)



Supply voltage interruption max. 5 ms at 24 V



Power consumption
without adjustable transducer excitation
with adjustable transducer excitation



W
W



< 9
< 12



Transducer Excitation (active transducers)
Adjustable supply voltage (DC)
Maximum output power



V
W



5 ... 24; adjustable for each channel
0.7 each channel / a total of 2



Ethernet (data link) 10Base-T / 100Base-TX
Protocol/addressing − TCP/IP (direct IP address or DHCP)
Connection − 8P8C plug (RJ-45) with twisted pair cable, Streaming



(CAT-5)
Max. cable length to module m 100



Synchronization
Firewire
Ethernet
EtherCAT4)



IRIG−B



IEEE1394b (2 ports per device)
IEEE1588 (PTPv2) or NTP



via CX27B EtherCAT Gateway module
IRIG−B (B000 up to B007; B120 up to B127) via MX440B /



MX840B input channel



IEEE1394b FireWire (module synchronization, data link,
optional supply voltage)



IEEE 1394b (HBM modules only)



Baud rate MBaud 400 (approx. 50 MByte/s)
Max. current from module to module A 1.5
Max. cable length between the nodes m 5
Max. number of modules connected in series (daisy chain) − 12 (=11 Hops)
Max. number of modules in a IEEE1394b FireWire system
(including hubs2), backplane) − 24
Max. number of hops3) − 14



Nominal (rated) temperature range C [F]  −20 ... +65 [−4 ... +149]
Storage temperature range C [F]  −40 ... +75 [−40 ... +167]
Rel. humidity % 5 ... 95 (non condensing)
Protection class III
Degree of protection IP20 per EN 60529 (IP67-version available)
Mechanical tests7)



Vibration (30 min) m/s2 50
Shock (6 ms) m/s2 350



1) When the variable transducer supply is used, there is no electrical isolation from the supply voltage.
2) Hub: IEEE1394b FireWire node or distributor
3) Hop: Transition from module to module or signal conditioning / distribution via IEEE1394b FireWire (hub, backplane)
4) EtherCAT is a  registered trademark and patented technology, licensed by Beckhoff Automation GmbH, Germany.
5) When bridge excitation with carrier frequency (CF) is used, the maximum sample rate is 19.2 kS/s per channel.
6) Filter OFF is recommended only for real−time applications, e.g. to enable short latency times to be implemented.
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Specifications MX840B (Continued)
Mechanical tests7)



Vibration (30 min) m/s2 50
Shock (6 ms) m/s2 350



EMC requirements per EN 61326



Max. input voltage at transducer socket to ground
PIN 1, 2, 3, 4, 5, 7, 8, 10, 13, 15 to Pin 6 V + 5.5 (no transients)
PIN 14 (voltage) to Pin 9 V ± 60 (no transients)



Dimensions, horizontal (W x H x D) mm 52.5 x 200 x 121 (with case protection)
44 x 174 x 116.5 (without case protection)



Weight, approx. g 980
7) Mechanical stress is tested according to European Standard EN60068−2−6 for vibrations and EN60068−2−27 for shock. The equipment is subjected to an



acceleration of 50 m/s2 in a frequency range of 5...65 Hz in all 3 axes. Duration of this vibration test: 30min per axis. The shock test is performed with a nominal
acceleration of 350 m/s2 for 6 ms, half sine pulse shape, with 3 shocks in each of the 6 possible directions.



Strain gauge full bridge, 5 or 10 mV/V measuring range, bridge excitation AC / carrier frequency



Accuracy class 0.05



Carrier frequency (sine) Hz 4800 �1.5



Bridge excitation voltage (effective) V 1 and 2.5 (�5 %)



Transducers that can be connected strain gauge full bridges



Permissible cable length between MX840B
and transducer m < 100



Measuring ranges
at 2.5 V excitation
at 1 V excitation



mV/V
mV/V



�5
�10



Signal bandbwidth (−3 dB) kHz 0 ... 1.6



Transducer impedance
at 2.5 V excitation
at 1 V excitation



�
�



300 ... 1,000
80 ... 1,000



Noise at 25 �C and 2.5 V excitation (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�V/V
�V/V
�V/V
�V/V



< 0.1
< 0.2
< 0.6
< 3



Linearity error % < 0.02 of full scale



Zero drift (2.5 V excitation) % / 10 K < 0.02 of full scale



Full-scale drift (2.5 V excitation) % / 10 K < 0.05 of measurement value



Strain gauge half bridge, 5 or 10 mV/V measuring range, bridge excitation AC / carrier frequency



Accuracy class 0.1



Carrier frequency (sine) Hz 4,800 �1.5



Bridge excitation voltage (effective) V 1 and 2.5 (�5 %)



Transducers that can be connected strain gauge half bridges



Permissible cable length between MX840B 
and transducer m < 100



Measuring ranges
at 2.5 V excitation
at 1 V excitation



mV/V
mV/V



�5
�10



Signal bandbwidth (−3 dB) kHz 0 ... 1.6



Transducer impedance
at 2.5 V excitation
at 1 V excitation



�
�



300 ... 1,000
80 ... 1,000



Noise at 25 �C and 2.5 V excitation (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�V/V
�V/V
�V/V
�V/V



< 0.1
< 0.2
< 0.6
< 3



Linearity error % < 0.02 of full scale



Zero drift (2.5 V excitation) % / 10 K < 0.1 of full scale



Full-scale drift (2.5 V excitation) % / 10 K < 0.1 of measurement value
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Specifications MX840B (Continued)
Strain gauge full bridge, 5 or 10 mV/V measuring range, bridge excitation DC voltage



Accuracy class 0.1



Bridge excitation voltage (DC) V 1 and 2.5 (�5 %)



Transducers that can be connected strain gauge full bridges



Permissible cable length between MX840B
and transducer m < 100



Measuring ranges
at 2.5 V excitation
at 1 V excitation



mV/V
mV/V



�5
�10



Transducer impedance
at 2.5 V excitation
at 1 V excitation



�
�



300 ... 1,000
80 ... 1,000



Noise at 25 �C and 2.5 V excitation (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�V/V
�V/V
�V/V
�V/V



< 1
< 1.2
< 1.5
< 2



Linearity error % < 0.02 of full scale



Zero drift (2.5 V excitation) % / 10 K < 0.1 of full scale



Full-scale drift (2.5 V excitation) % / 10 K < 0.05 of measurement value



Strain gauge half bridge, 5 or 10 mV/V measuring range, bridge excitation DC voltage



Accuracy class 0.1



Bridge excitation voltage (effective) V 1 and 2.5 (�5 %)



Transducers that can be connected strain gauge half bridges



Permissible cable length between MX840B 
and transducer m < 100



Measuring ranges
at 2.5 V excitation
at 1 V excitation



mV/V
mV/V



�5
�10



Transducer impedance
at 2.5 V excitation
at 1 V excitation



�
�



300 ... 1,000
80 ... 1,000



Noise at 25 �C and 2.5 V excitation (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�V/V
�V/V
�V/V
�V/V



< 1
< 1.2
< 1.5
< 2



Linearity error % < 0.02 of full scale



Zero drift (2.5 V excitation) % / 10 K < 0.1 of full scale



Full-scale drift (2.5 V excitation) % / 10 K < 0.1 of measurement value



Resistive (strain gauge) full bridge, 100 mV/V measuring range, bridge excitation DC voltage e.g. for piezoresistive transducers



Accuracy class 0.05



Excitation voltage (DC) V 2.5 �5%



Transducers that can be connected piezoresistive strain gauge full bridges



Permissible cable length between MX840B 
and transducer m < 100



Measuring range mV/V �100



Transducer impedance � 300 ... 1,000



Noise at 25 �C (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�V/V
�V/V
�V/V
�V/V



< 3
< 4
< 5
< 10



Linearity error % < 0.02 of full scale



Zero drift % / 10 K < 0.02 of full scale



Full-scale drift % / 10 K < 0.05 of measurement value
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Specifications MX840B (Continued)
Resistive (strain gauge) full bridge, 1000 mV/V measuring range, bridge excitation DC voltage e.g. for piezoresistive transducers



Accuracy class 0.05



Bridge excitation voltage (DC) V 2.5 �5%



Transducers that can be connected piezoresistive strain gauge full bridges



Permissible cable length between MX840B 
and transducer m < 100



Measuring range mV/V �1,000



Transducer impedance � 300 ... 1,000



Noise at 25 �C (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�V/V
�V/V
�V/V
�V/V



< 10
< 20
< 40
< 100



Linearity error % < 0.02 of full scale



Zero drift % / 10 K < 0.02 of full scale



Full-scale drift % / 10 K < 0.05 of measurement value



Inductive full bridge, 100 mV/V measuring range, bridge excitation AC



Accuracy class 0.05



Carrier frequency (sine) Hz 4,800 �1.5



Bridge excitation voltage (effective) V 1 and 2.5 (�5 %)



Transducers that can be connected inductive full bridges



Permissible cable length between MX840B
and transducer m < 100



Measuring ranges
at 2.5 V excitation
at 1 V excitation



mV/V
 mV/V



�100
�300



Signal bandwidth (−3 dB) kHz 0 ... 1.6



Transducer impedance
at 2.5 V excitation
at 1 V excitation



�
�



300 ... 1,000
80 ... 1,000



Noise at 25 �C and 2.5 V excitation (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�V/V
�V/V
�V/V
�V/V



< 1
< 2
< 5
< 15



Linearity error % < 0.02 of full scale



Zero drift (2.5 V excitation) % / 10 K < 0.02 of full scale



Full-scale drift (2.5 V excitation) % / 10 K < 0.05 of measurement value



Inductive full bridge, 1000 mV/V measuring range, bridge excitation AC



Accuracy class 0.1



Carrier frequency (sine) Hz 4800 �1.5



Bridge excitation voltage (effective) V 1 (�5 %)



Transducers that can be connected inductive full bridges



Permissible cable length between MX840B
and transducer m < 100



Measuring range mV/V �1,000



Signal bandwidth (−3 dB) kHz 0 ... 1.6



Transducer impedance � 80 ... 1000



Noise at 25 �C (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�V/V
�V/V
�V/V
�V/V



< 10
< 30
< 100
< 300



Linearity error % < 0.02 of full scale



Zero drift % / 10 K < 0.02 of full scale



Full-scale drift % / 10 K < 0.1 of measurement value
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Specifications MX840B (Continued)
Inductive half bridge, 100 mV/V measuring range, bridge excitation AC



Accuracy class 0.1



Carrier frequency (sine) Hz 4,800 �1.5



Bridge excitation voltage (effective) V 1 and 2.5 (�5 %)



Transducers that can be connected inductive half bridges



Permissible cable length between MX840B
and transducer m < 100



Measuring ranges
at 2.5 V excitation
at 1 V excitation



mV/V
mV/V



�100
�300



Signal bandwidth (−3 dB) kHz 0 ... 1.6



Transducer impedance
at 2.5 V excitation
at 1 V excitation



�
�



300 ... 1,000
80 ... 1,000



Noise at 25 �C and 2.5 V excitation (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�V/V
�V/V
�V/V
�V/V



< 1
< 2
< 5
< 15



Linearity error % < 0.02 of full scale



Zero drift (2.5 V excitation) % / 10 K < 0.1 of full scale



Full-scale drift (2.5 V excitation) % / 10 K < 0.1 of measurement value



LVDT, Linear Variable Differential Transformer (i.e. displacement transducer), AC bridge excitation



Accuracy class 0.1



Carrier frequency (sine) Hz 4800�1.5



Bridge excitation voltage (effective) V 1 (�5 %)



Transducers that can be connected LVDT



Permissible cable length between MX840B
and transducer m < 100



Measuring range mV/V �3,000



Signal bandwidth (−3 dB) kHz 0 ... 1.6



Transducer impedance mH 4 ... 33



Noise at 25 �C (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�V/V
�V/V
�V/V
�V/V



< 10
< 30
< 100
< 300



Linearity error % < 0.02 of full scale



Zero drift % / 10 K < 0.1 of full scale



Full-scale drift % / 10 K < 0.1 of measurement value



Potentiometric transducers / potentiometer



Accuracy class 0.1



Excitation voltage (DC) V 2.5 (�5 %)



Transducers that can be connected potentiometric transducers



Permissible cable length between MX840B
and transducer m < 100



Measuring range mV/V �500



Transducer impedance � 300 ... 5,000



Noise at 25 �C (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�V/V
�V/V
�V/V
�V/V



< 10
< 20
< 40
< 100



Linearity error % < 0.02 of full scale



Zero drift (1 V excitation) % / 10 K < 0.1 of full scale



Full-scale drift (1 V excitation) % / 10 K < 0.1 of measurement value
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 Specifications MX840B (Continued)
Current−fed piezoelectric transducers (IEPE − Integrated Electronics Piezo Electric, ICP)



Accuracy class 0.1



Transducer technology IEPE 
(BNC adapter available: 1−SUBHD15−BNC)



Permissible cable length between MX840B and
transducer



May be laid inside closed buildings only
m < 30



Transducer identification (TEDS, IEEE 1451.4) only version 1.0



Transducer excitation mA 4,0 �15%



Measuring ranges (AC) V �8



IEPE Compliance Voltage, typ. V 21



Noise at 25 �C and measuring range �10 V (peak to
peak)



at 1 Hz Bessel filter
at 10 Hz Bessel filter
at 100 Hz Bessel filter
at 1 kHz Bessel filter



�V
�V
�V
�V



< 200
< 300
< 500



< 1.500



Linearity error % < 0.1 of full scale value



Common-mode rejection
at DC common-mode
at 50 Hz common-mode, typically



dB
dB



> 100
75



Max. common-mode voltage
(to housing and supply ground) V �60



Zero drift % / 10 K < 0.1 of full scale value



Full-scale drift % / 10 K < 0.05 of measurement value



�10 V electrical voltage



Accuracy class 0.05



Transducers that can be connected voltage generator up to �10 V



Permissible cable length between MX840B
and transducer m



BNC adapter available: 1−SUBHD15−BNC
< 100



Measuring range V �10



Internal resistance of the voltage source � < 500



Internal impedance, typ. M� 1



Noise at 25 �C (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�V
�V
�V
�V



< 200
< 300
< 500



< 1.500



Linearity error % < 0.02 of full scale



Common-mode rejection
with DC common mode
with 50 Hz common mode, typ.



dB
dB



> 100
75



Maximum common-mode voltage
(to housing and supply ground) V �60



Zero drift % / 10 K < 0.02 of full scale



Full-scale drift % / 10 K < 0.05 of measurement value
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Specifications MX840B (Continued)
�60 V voltage



Accuracy class 0.05



Transducers that can be connected voltage generator up to �60 V



Permissible cable length between MX840B
and transducer m < 100



Measuring range V �60



Internal resistance of the voltage source � < 500



Input impedance, typ. M� 1



Noise at 25 �C (peak to peak)
with filter 1Hz Bessel
with filter 10Hz Bessel
with filter 100Hz Bessel
with filter 1kHz Bessel



�V
�V
�V
�V



< 300
< 400



< 1.000
< 3,000



Linearity error % < 0.02 of full scale



Common-mode rejection
with DC common mode
with 50 Hz common mode, typ.



dB
dB



> 100
75



Maximum common-mode voltage
(to housing and supply ground) V �60



Zero drift % / 10 K < 0.02 of full scale



Full-scale drift % / 10 K < 0.05 of measurement value



�100 mV voltage



Accuracy class 0.05



Transducers that can be connected voltage generator



Permissible cable length between MX840B 
and transducer m < 100



Measuring range mV �300



Input impedance M� > 20



Noise at 25 �C (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�V
�V
�V
�V



< 5
< 10
< 30
< 100



Linearity error % < 0.02 of full scale



Common-mode rejection
with DC common mode
with 50 Hz common mode, typ.



dB
dB



> 90
75



Maximum common-mode voltage
(to housing and supply ground) V �30



Zero drift % / 10 K < 0.05 of full scale



Full-scale drift % / 10 K < 0.05 of measurement value











B3816-7.0 en  HBM: public 9 HBM



Specifications MX840B (Continued)
0 / 4…20 mA (2, 3, 4-wire) signal current



Accuracy class 0.05



Transducers that can be connected transducers with current output (0 ... 20 mA or 4 ... 20 mA)



Permissible cable length between MX840B
and transducer m < 100



Measuring range mA �20



Measurement resistance value, typ. � 10



Noise at 25 �C (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�A
�A
�A
�A



< 1
< 1.5
< 15
< 40



Linearity error % < 0.02 of full scale



Common-mode rejection
with DC common mode
with 50 Hz common mode, typ.



dB
dB



> 100
75



Maximum common-mode voltage
(to housing and supply ground) V �30



Zero drift % / 10 K < 0.05 of full scale



Full-scale drift % / 10 K < 0.05 of measurement value



Ohmic resistance



Accuracy class 0.1



Transducers that can be connected PTC, NTC, KTY, TT-3, resistances generally
(connection with 4 wire configuration)



Permissible cable length between MX840B
and transducer m < 100



Measuring ranges � 0 ... 5,000



Excitation current mA 0.4 ... 0.8



Noise at 25 �C (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



�
�
�
�



< 0.1
< 0.2
< 0.5
< 1.5



Linearity error % <�0.02 of full scale



Zero drift % / 10K <0.02 of full scale



Full-scale drift % / 10 K <0.1 of measurement value



Resistance thermometer (PT100, PT1000)



Accuracy class 0.1



Transducers that can be connected PT100, PT1000 (connection with 4 wire configuration)



Permissible cable length between MX840B
and transducer m < 100



Linearization range oC [oF] −200 ... +848 [−328 ... +1558.4]



Noise at 25 �C (peak to peak)
with filter 1 Hz Bessel
with filter 10 Hz Bessel
with filter 100 Hz Bessel
with filter 1 kHz Bessel



K
K
K
K



< 0.1
< 0.2
< 0.5
< 1.5



Linearity error K <�0.3



Zero drift
with PT100
with PT1000



K / 10 K
K / 10 K



<0.2
<0.1



Full-scale drift
with PT100
with PT1000



K / 10 K
K / 10 K



<0.5
<1
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Specifications MX840B (Continued)
Thermocouples1)



Transducers that can be connected Thermocouples (type B, C, E, J, K, N, R, S, T)



Permissible cable length between MX840B
and transducer m < 100



Measuring range mV �100



Linearization ranges
Type B (Pt-30 % Rh and Pt-6 % Rh)
Type C (W and W−26 % Re)
Type E (Ni-Cr and Cu-Ni)
Type J (Fe and Cu-Ni)
Type K (Ni-Cr and Ni-Al)
Type N (Ni-14,2 % Cr and Ni-4,4 % Si-0,1 % Mg)
Type R (Pt-13 % Rh and Pt)
Type S (Pt-10 % Rh and Pt)
Type T (Cu and Cu-Ni)



oC [F]
oC [F]
oC [F]
oC [F]
oC [F]
oC [F]
oC [F]
oC [F]



+100 ... +1,820 [+212 ... +3,308]
0 ... +2300 [+32 ... +4,172]



−210 ... +1,200 [−346 ... +2,192]
−270 ... +1,372 [−454 ... +2,501.6]
−270 ... +1,300 [−454 ... +2,372]
−50 ... +1,768 [−58 ... +3214.4]
−50 ... +1,768 [−58 ... +3214.4]
−270 ... +400 [−454 ... +752]



Transducer impedance  < 500



Noise Type K (peak to peak)
with Filter 1 Hz Bessel
with Filter 10 Hz Bessel
with Filter 100 Hz Bessel
with Filter 1 kHz Bessel



K
K
K
K



0.05
0.1
0.5
1



Total error limit at 22 oC ambient temperature
Type E, J, K, T, C
Type R, S
Type B



K
K
K



�1.5
�4
�15



Temperature drift (type K) K / 10K <�0.5



Cold junction 1−THERMO−MXBOARD
Nominal (rated) temperature range
Operating temperature range
Storage temperature range



C [F]
C [F]
C [F]



−20 ... +60 [−4 ... +140]
−20 ... +65 [−4 ... +149]
−40 ... +75 [−40 ... +167]



1) One of the following cold junctions is required for connecting thermocouples to the MX840B (ordering no.: 1−THERMO−MXBOARD; 1−SCM−TCK; 1−SCM−TCE;
1−SCM−TCJ; 1−SCM−TCT).
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Specifications MX840B (Continued)
Frequency or pulse counting (connections 5 ... 8)



Accuracy class 0.01



Transducers that can be connected in general timer-based digital signal sources (single lane,
dual lane, with/without index), pulse counter, incremental



rotary encoder, HBM−torque transducer (digital), SSI
transducers (absolute position)



Permissible cable length between MX840B and
transducer m < 50



Signals
F1 (�)
F2 (�)
Zero index (�)



Frequency or pulse signal
Direction of rotation signal shifted by �90 to F1 or static



Zero position signal



Input level with differential operation
Low level
High level



Differential inputs (RS422): Signal (+) < Signal (−) −200 mV
Differential inputs (RS422): Signal (+) > Signal (−) +200 mV



Input level with unipolar operation
Low level
High level



V
V



<1.5
> 3.5



Maximum input voltage at transducer socket to ground
(pin 6) V 5.5 (no transients)



Measuring ranges
Frequency
Pulse counting



Hz
pulses/s



0.1 ... 1,000,000
0 ... 1,000,000



Input impedance, typ. k� 10



Temperature drift % / 10 K < 0,01 of measurement value



SSI mode (differentially)



Shift clock kHz 100, 200, 500, 1,000



Word length Bit 12−31



Code binary or gray



Input level
Low level
High level



Differential inputs (RS422): Signal (+) < Signal (−) −200 mV
Differential inputs (RS422): Signal (+) > Signal (−) +200 mV



Signals
Data
Shift clock



Data+, Data− (RS-422)
Clk+, Clk− (RS-422)



Digital control output (e.g. for triggering of external shunts, reset of external charge amplifiers)



Output type High side switch



Reference potential Pin 6 (ground)



High level



Output unloaded, typ. V 5



Iout = 5 mA V > 4.5



Permissible load impedance k > 1



CAN (connection 1)



Supported protocols CAN 2.0A, CAN 2.0B



Number of CAN ports only connector 1



Bus link two wire, according to ISO11898



Bit rates KBit / s 1000 800 666,6 500 400 250 125 100



Permissible cable lengths m 25 50 80 100 100 250 500 500



Bit sequence Intel standard, Motorola forward MSB



Receiving1), can be parameterized via CANdb *.dbc
Rate in total
Number of CAN signals
CAN signal types



1/s max. 10,000
�128



standard, mode-dependent, mode-Signal



Transmitting, MX Assistant generates CANdb (*.dbc)
Transmission rate per signal (max.)
Number of analog input signals (modul-internal only)
Generate dbc file (Assistant)



1/s 100 per signal
7



with MX Assistant



1) Parameterization from CANdb via catmanEASY or MX Assistant
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Decimal sample rates and digital low pass filter, type Bessel 4th order
Type -1dB (Hz) -3dB (Hz) -20dB (Hz) Phase delay*) (ms) Rise time (ms) Overshoot (%) Sample rate (Hz)



3,041 5,000 9,935 0.043 0.08 3.6 40,000



1,188 2,000 5,141 0.13 0.2 0.9 40,000



594 1,000 2,561 0.29 0.3 0.85 40,000



296 500 1273 0.62 0.7 0.8 40,000



118 200 508 1.6 1.7 0.8 40,000



B
e
s
s
e
l



59 100 254 3.2 3.5 0.8 40,000



30 50 127 6.5 7 0.8 40,000



12 20 51 16.4 17.5 0.8 40,000



6 10 25 34.5 35 0.8 20,000



3 5 13 69 70 0.8 10,000



1.2 2 5.1 168 175 0.8 10,000



0.6 1 2.5 332 350 0.8 5000



0.3 0.5 1.3 663 700 0.8 1000



0.1 0.2 0.5 1652 1750 0.8 1000



0.06 0.1 0.25 3299 3500 0.8 500



0.03 0.05 0.13 6598 7003 0,8 100



0.01 0.02 0.05 16,495 17,508 0,8 100



0.006 0.01 0.02 32,989 35,016 0,8 50



*) The delay time of the ADC is 65 s for the sample rate 38,400 Hz and 128 s for the all other sample rates. This value has not been
accounted in the “phase delay” column above.



Decimal sample rates : Amplitude response Bessel filter



Hz



d
B 30



2kHz



0.01 Hz



0.02 Hz



0.05 Hz



0.1Hz



0.2Hz



0.5Hz



1 Hz



2 Hz



5 Hz



10Hz



20Hz
50Hz



100Hz



200Hz



500Hz



1 kHz



5 kHz



0.01 0.1 1 10 100 1000 10,000 100,000
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Decimal sample rates and digital  low pass filter, type Butterworth 4th order



Type -1dB (Hz) -3dB (Hz) -20dB (Hz)
Phase delay*)



(ms)
Rise time (ms) Overshoot (%) Sample rate (Hz)



5,198 6,090 8,722 0.08 0.08 15.2 40,000



4,274 5,000 7,667 0.10 0.09 13.7 40,000



1,690 2,000 3,491 0.23 0.2 11 40,000



844 1,000 1,768 0.46 0.4 10.9 40,000



422 500 888 0.9 0.8 10.8 40,000



B
u
tt
e
rw



o
rt



h



169 200 355 2.2 1.9 10.8 40,000



84 100 178 4.5 3.9 10.8 40,000



42 50 89 9.2 7.7 10.8 20,000



17 20 35.5 23 19.3 10.8 20,000



8.4 10 17.8 45 39 10.8 20,000



4 5 8.9 90 77 10.8 20,000



1.7 2 3.5 225 193 10.9 20,000



0.8 1 1.8 449 387 10.8 20,000



0.4 0.5 0.9 898 774 10.8 10,000



0.17 0.2 0.3 2241 1930 10.9 10,000



0.08 0.1 0.18 4481 3861 10.9 5000



0.04 0.05 0.09 8962 7721 10.9 1000



0.02 0.02 0.03 22,405 19,303 10.9 1000



0.008 0.01 0.02 44,810 38,606 10.9 500



*) The delay time of the ADC is 65 s for the sample rate 38,400 Hz and 128 s for the all other sample rates. This value has not been
accounted in the “phase delay” column above.



Decimal sample rates : Amplitude response Butterworth filter



Hz



d
B



30



0.01 Hz



0.02 Hz



0.05 Hz



0.1Hz



0.2Hz



0.5Hz



1 Hz



2 Hz



5 Hz



10Hz
20Hz



50Hz



100Hz



200Hz



500Hz



1 kHz



2 kHz



5 kHz



6 kHz



0.01 0.1 1 10 100 1000 10,000 100,000
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Decimal sample rates and digital low-pass filters, linear phase (FIR)



Type
Start of level



drop (Hz)
-3 dB (Hz) -20 dB (Hz) Runtime*) (ms) Rise time (ms) Overshoot (%)



Sample rate



(Hz)



L
in



e
a
r 



P
h
a
s
e



6,667 7,770 9,220 0.41 0.06 8.6 40,000



3,333 3,800 4,540 0.78 0.12 8.6 40,000



1,667 2,120 2,700 2.41 0.28 8.6 5,000



1,000 1,130 1,300 6.21 0.544 8.6 2,500



833 1,050 1,345 4.01 0.551 8.6 2,500



667 840 1,080 4.8 0.694 8.6 1,000



333 420 540 10.4 1.39 8.6 1,000



167 210 270 26.9 2.73 8.6 500



67 84 108 50.2 6.88 8.6 200



33 42 54 108 13.8 8.6 100



*) The A/D converter’s delay time for all sample rates is 65 s and this is not taken into account in the “runtime” column!



Decimal sample rates: amplitude response, linear phase (FIR)



30



Hz



d
B



33 Hz



67 Hz



167 Hz



333 Hz



667 Hz



833 Hz



6,667 Hz



3,333 Hz



1667 Hz



1,000 Hz



1,000 10,000 100,00010010
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Decimal sample rates and digital low-pass filters, Butterworth (FIR)



Type
Start of level



drop (Hz)
-3 dB (Hz) -20 dB (Hz) Runtime*) (ms) Rise time (ms) Overshoot (%)



Sample rate



(Hz)



1,498 1,700 2,220 3.2 0.285 15.6 10,000



1,384 1,500 1,887 3.48 0.346 18.7 10,000



B
u
tt
e
rw



o
rt



h



698 750 924 5.56 0.682 18.7 5,000



344 370 471 14.1 1.40 18.7 2,500



275 300 377 17.3 1.75 18.7 1,000



140 150 185 27.6 3.41 18.7 1,000



69 75 94 71.8 6.97 18.7 500



28 30 37 139 17.0 18.7 200



14 15 19 358 34.9 18.7 100
*) The A/D converter’s delay time for all sample rates is 65 s and this is not taken into account in the “runtime” column!



Decimal sample rates: Butterworth filter amplitude response (FIR)



30−30



Hz



d
B



15 Hz



30 Hz



75 Hz



150 Hz



300 Hz



370 Hz
1,500 Hz



1,700 Hz



750 Hz



1,000 10,000100101
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Classic HBM sample rates and digital low pass filter, type Bessel 4th order
Type -1dB (Hz) -3dB (Hz) -20dB (Hz) Phase delay (ms)*) Rise time (ms) Overshoot (%) Sample rate (Hz)



3000 5161 13,086 0.012 0.07 0.157 38,400



2000 3210 8100 0.15 0.1 1.5 19,200



1000 1630 4050 0.24 0.2 1.4 19,200



1000 1640 5150 0.21 0.2 0.7 9600



500 820 2120 0.4 0.43 1.4 9600



200 335 860 1 1.04 1 9600



B
e
s
s
e
l



100 167 430 2 2.1 0.8 9600



50 83 215 4 4.28 0.8 9600



20 33.7 85 10 10.6 0.8 9600



10 16.5 42 20 21.3 0.8 9600



5 8.4 21 40 41.6 0.8 2400



2 3.4 8.5 99 104 0.8 2400



1 1.6 4.2 200 214 0.8 2400



0.5 0.83 2.1 400 420 0.8 300



0.2 0.34 0.85 1000 1060 0.8 300



0.1 0.17 0.43 2000 2130 0.8 300



0.05 0.084 0.21 3940 4200 0.8 20



0.02 0.033 0.085 10,000 10,600 0.8 20



0.01 0.017 0.042 20,100 21,300 0.8 20



*) The delay time of the ADC is 65 s for the sample rate 38,400 Hz and 128 s for the all other sample rates. This value has not been
accounted in the “phase delay” column above.



Classic HBM sample rates : Amplitude response Bessel filter



0.01 Hz



0.02 Hz



0.5 Hz



0.1 Hz



0.2 Hz



0.5 Hz



1 Hz



2 Hz



5 Hz



10 Hz



20 Hz



50 Hz



100 Hz



200 Hz



500 Hz



1 kHz



2 kHz



3 kHz



10 100 1000 10,0001 100,000



0.01 0.1 1 100.001 100
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Classic HBM sample rates and digital low pass filter, type Butterworth 4th order
Type -1dB (Hz) -3dB (Hz) -20dB (Hz) Phase delay (ms)*) Rise time (ms) Overshoot (%) Sample rate (Hz)



6000 6868 9433 0.07 0.07 15.90 38,400



4000 4660 7324 0.10 0.09 13.52 38,400



2000 2360 4331 0.2 0.15 8.5 19,200



1000 1178 2100 0.38 0.3 11 19,200



1000 1168 2140 0.32 0.32 11 9600



500 586 1050 0.66 0.66 11 9600



200 235 420 1.7 1.6 11 9600



B
u
tt
e
rw



o
rt



h



100 118 210 3.46 3.2 11 9600



50 59 105 6.98 6.6 11 9600



20 24 42 17.3 16 11 9600



10 12 21 34.9 32 11 9600



5 5.95 10.5 69 66 11 2400



2 2.37 4.24 173 160 11 2400



1 1.26 2.1 347 320 11 2400



0.5 0.59 1.05 701 660 11 300



0.2 0.236 0.421 1760 1600 11 300



0.1 0.118 0.21 3510 3200 11 300



0.05 0.059 0.105 6950 6600 11 20



0.02 0.0235 0.042 17,500 16,000 11 20



0.01 0.012 0.021 34,600 32,000 11 20



*) The delay time of the ADC is 65 s for the sample rate 38,400 Hz and 128 s for the all other sample rates. This value has not been
accounted in the “phase delay” column above.



Classic HBM sample rates : Amplitude response Butterworth filter
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Specifications Power pack NTX001
30 W AC / DC power pack (1−NTX001)



Nominal input voltage (AC) V 100 ... 240 (�10%)



Stand-by power consumption at 230 V W 0.5



Nominal load
UA
IA



V
A



24
1.25



Static output characteristics
UA
IA
UBr (Output voltage ripple; peak to peak)



V
A



mV



24� 4%
0 − 1.25
�120



Current limiting, typically from A 1.6



Primary − secondary separation galvanically, by optocoupler and converter



Creep distance and clearance mm �8



High-voltage test kV �4



Ambient temperature range oC [F] 0... +40 [+32 ... +104]



Storage temperature oC [F] −40 ... +70 [−40 ... +158]



Accessories, to be ordered separately
MX840B accessories



Article Description Order No.



Power



AC-DC power supply / 30 W Input : 100 ... 240 V AC (�10%), 1.5 m cable
Output: 24 V DC, max. 1.25 A, 2 m cable with ODU connector



1−NTX001



3m cable − QuantumX supply 3 m cable for voltage supply of QuantumX modules; 
Suitable plug (ODU Medi-Snap
S11M08−P04MJGO−5280) on one side and open strands on
the other end.



1−KAB271−3



Communication



Ethernet cross over cable Ethernet cross over cable for direct operation between a PC
or Notebook and a module / device, length 2 m, type CAT5+



1−KAB239−2



IEEE1394b FireWire cable (module-to-module) FireWire connection cable for QuantumX or
SomatXR-modules; with matching plugs on both sides.
Length 0.2 m/2 m/5 m 
Note: The cable enables modules to be supplied with power
(max. 1.5 A, from the source to the last drain).



1−KAB272−0.2
1−KAB272−2
1−KAB272−5



IEEE1394b IEEE1394b FireWire IEEE
ExpressCard



FireWire IEEE 1394b ExpressCard (ExpressCard/34) to
connect QuantumX modules to a notebook or PC



1−IF002



IEEE1394b FireWire cable PC-to-module Firewire connection cable between module and PC.
With matching plugs on both sides; Length: 3 m.
No voltage supply of the modules possible with KAB293.



1−KAB293−5



IEEE1394b FireWire cable from hub to module,
IP68



FireWire connection cable between HUB and module. For
data transfer from QuantumX modules to the HUB. Fitted with
suitable plugs at both ends. Length: 3 m



1−KAB276−3



IEEE1394b FireWire Extender SCM−FW Package including 2 in-line elements for extension of the
FireWire connection up to 40 m; Required parts: 2 x
1-KAB269-x and Industrial Ethernet cable (M12, CAT5e. No
voltage supply of the modules possible via KAB270.



1−SCM-FW
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Accessories, to be ordered separately (continued)
Accessories MX840B



Article Description Order No.



Mechanic



Connecting elements for QuantumX modules Connecting elements (clips) for QuantumX modules; Set
comprising 2 case clips including mounting material for fast
connection of 2 modules.



1−CASECLIP



Connecting elements for QuantumX modules Fitting panel for mounting of QuantumX modules using case
clips (1−CASECLIP), lashing strap or cable tie. Basic
fastening by 4 screws.



1−CASEFIT



QuantumX Backplane (Standard) QuantumX Backplane – Standard for a maximum of 9
modules;
General:
− Mounting on wall or control cabinet (19”)
- Connection of external modules by FireWire possible;
- Power supply: 24 V DC / max. 5 A (150 W);



1−BPX001



QuantumX Backplane (Rack) QuantumX Backplane – Rack 
for maximum 9 modules; 
- 19’’ rack mounting with handles left and right; 
- Connection of external modules via FireWire possible;
- Power supply: 24 V DC / max. 5 A (150 W).



1−BPX002



Transducer side



Cold junction for thermocouples on MX840,
MX840B/MX440B



Electronics for temperature compensation for measurements
with thermocouples including:
− PT1000 cold junction
− incl. TEDS chip for transducer identification
Note: Installation in DSubHD 15-pole transducer plug.



1−THERMO−MXBOARD



DSubHD 15 pole-to-DSub 15 pole adapter DSubHD 15 pole-to-DSub 15 pole adapter for connection of
transducers with pre-wired DSub plug (length approx. 0.3 m);
Note: Pre-wired for full bridge (6-wire).



1−KAB416



DSubHD15-to-DSub9 (CAN) adapter Adapter for connection of CAN instruments. DSubHD 15-pole
(plug) to DSub 9-pole (socket); Length: approx. 0.3 m.



1−KAB418



350 ohm strain gauge quarter bridge module Signal conditioning of strain gauge quarter bridge at
QuantumX full bridge input. Integrated 350-ohm completion
resistor; soldering points for transducer cable (3 wire); TEDS;
D-Sub-HD device connection.



1−SCM-SG350



120 ohm strain gauge quarter bridge module Signal conditioning of strain gauge quarter bridge at
QuantumX full bridge input. Integrated 120-ohm completion
resistor; soldering points for transducer cable (3 wire); TEDS;
D-Sub-HD device connection.



1−SCM-SG120



High-voltage signal conditioner High-voltage signal conditioner for differential
measurement of voltages up to 300 V CAT II with type
MX840, MX840B, MX410 and MX440A QuantumX modules,
with DSubHD connector and fixed, 1-m-long measuring leads
with 4-mm laboratory plugs.



1−SCM-HV



DSubH 15-pol. to−BNC pole adapter Adapter for QuantumX, BNC socket to DSubHD 15−pole (pin
14), for connecting 60 V, +/10 V or IEPE / ICP), provided
that the amplifier supports this function



1−SUBHD15−BNC



DSubHD 15-pole connector kit with TEDS chip DSubHD 15-pole connector kit (male) with TEDS chip for
storage of a sensor data sheet; Housing: Metallized plastic
with knurled screws.
Note: The TEDS chip comes blank.



1−SUBHD15−MALE



TEDS-Package (10 piece) Package of TESDS chips. Package of 10 1−wire−EEPROM
DS24B33 (IEEE 1451.4 TEDS)



1−TEDS−PAK



Port saver, SubHD 15 pol. 4 x DSubHD 15 pin male to female port savers; protecting
the wear and tear for frequent plugging and unplugging.
Extends contact durability by min. 500. Adaptor attaches
securely with screws 4-40 UNC.



1−SUBHD15−SAVE
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 Accessories, to be ordered separately (continued)
General accessories



Article Description Order No.



Software and product packages



catmanAP Complete package including catmanEasy functionality plus
additional modules such as integration of video cameras
(EasyVideoCam), complete post-process analysis
(EasyMath), automation of  recurring processes (EasyScript),
offline preparation of measurement projects (EasyPlan) as
well as additional functions such as calculating electrical
power, special filters, frequency spectrum, etc. More details at
 www.hbm.com\catman\



1−CATMAN−AP



catmanEASY The basic software package for measurement data
acquisition comprises convenient channel parameterization
using TEDS or the sensor database, measurement job
parameterization, individual visualization, data storage and
reporting.



1−CATMAN−EASY



catmanPostProcess Post Process edition for visualization, preparation and
analysis of measurement data, including many
mathematical functions, data export and reporting.



1−CATEASY−PROCESS



MX840B + catmanEASY Package including:
- amplifier
- Power supply (1-NTX001)
- 8 transducer plugs with TEDS (1-SUBHD15-MALE)
- Ethernet Cross-over cable (1-KAB239-2)
- catman®Easy software from HBM (1-CATMAN-EASY)
- Including software maintenance for the first 12 months



1−MX840−PAKEASY



MX840B + catmanAP Package including:
- amplifier
- Power supply (1-NTX001)
- 8 transducer plugs with TEDS (1-SUBHD15-MALE)
- Ethernet Cross-over cable (1-KAB239-2)
- catman®AP software from HBM (1-CATMAN-AP)
- Including software maintenance for the first 12 months



1−MX840−PAKAP



LabVIEWTM-driver1) Universal driver from HBM for LabVIEWTM. 1−LabVIEW−DRIVER



CANape driver QuantumX driver for the software CANape from Vector
Informatik. CANape versions from 10.0 are supported.



1−CANAPE−DRIVER



1) More drivers and partners at www.hbm.com\quantumX\
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English



1 Safety instructions 8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



2 Electro magnetic conformity 15. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



3 Markings used 17. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



3.1 The markings used in this document 17. . . . . . . . . . . . . . . . . . . . . . . . . .



3.2 Symbols on the device 18. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



4 Introduction 19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



4.1 About the QuantumX documentation 19. . . . . . . . . . . . . . . . . . . . . . . . .



4.2 The QuantumX family 20. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



4.3 Module overview/transducer technologies 24. . . . . . . . . . . . . . . . . . . . .



4.4 Digitalization and signal path 25. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



4.5 Synchronization 26. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



5 Software 35. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



5.1 MX Assistant 35. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



5.2 catman®AP 37. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



5.3 LabVIEW® driver / library 39. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



5.4 Driver for Microsoft® Visual Studio .NET 39. . . . . . . . . . . . . . . . . . . . . .



5.5 Other drivers 40. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



5.6 Firmware update via Ethernet 40. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



6 Mechanical 41. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



6.1 Mounting case clips on modules 42. . . . . . . . . . . . . . . . . . . . . . . . . . . . .



6.2 Connecting housings 45. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



6.3 Mounting the housing with CASEFIT 47. . . . . . . . . . . . . . . . . . . . . . . . . .



6.4 BPX001/BPX002 backplane 47. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



6.4.1 Connection 49. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



6.4.2 Backplane BPX001 50. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



6.4.3 Backplane BPX002 52. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



6.4.4 Mounting the modules 52. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



6.4.5 Backplane with Ethernet connection 56. . . . . . . . . . . . . . . . . . . . . . . . . .
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6.4.6 Backplane with IEEE1394b FireWire connection 57. . . . . . . . . . . . . . .



6.4.7 System layout with several backplanes 58. . . . . . . . . . . . . . . . . . . . . . . .



7 Connecting individual QuantumX modules 59. . . . . . . . . . . . . . . . .



7.1 Connecting the supply voltage 59. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



7.2 Connection to host PC or data recorder 62. . . . . . . . . . . . . . . . . . . . . . .



7.2.1 Single Ethernet connection 62. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



7.2.2 Multiple Ethernet connection with PTP synchronization 63. . . . . . . . . .



7.2.3 Multiple Ethernet connection and FireWire synchronization 64. . . . . .



7.2.4 Connecting one or more QuantumX modules to the PC 65. . . . . . . . .



7.2.5 Firmware update via Ethernet 73. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



7.2.6 Connection via FireWire (IEEE 1394b) 74. . . . . . . . . . . . . . . . . . . . . . . .



7.2.7 Setting up FireWire 1394b on the PC 75. . . . . . . . . . . . . . . . . . . . . . . . .



7.2.8 Multiple FireWire connection 77. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



7.2.9 Layout with data recorder CX22B‐W 78. . . . . . . . . . . . . . . . . . . . . . . . . .



7.2.10 Output measurement signals to CAN bus (MX840B) 79. . . . . . . . . . . .



7.2.11 Output measurement signals to CAN bus (MX471B) 79. . . . . . . . . . . .



7.2.12 Output of signals with standardized voltage in real time (MX878B



or MX879B) 80. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



7.2.13 Output signals in real time via EtherCAT® and in parallel via



Ethernet 81. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



7.2.14 QuantumX in the FireWire group 82. . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8 Modules and transducers 84. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.1 General information 84. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.1.1 Shielding design 84. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.1.2 Active transducer connection 86. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.1.3 TEDS 88. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.1.4 Background calibration / autoadjustment 91. . . . . . . . . . . . . . . . . . . . . .



8.2 MX840/A/B universal amplifier 93. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.2.1 MX840B pin assignment 95. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.2.2 MX840B status display 97. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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8.3 MX440B universal amplifier 98. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.4 MX410B highly dynamic universal amplifier 100. . . . . . . . . . . . . . . . . . . .



8.4.1 MX410B pin assignment 101. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.4.2 MX410B status display 103. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.5.1 MX430B pin assignment 105. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.5.2 MX430B status display 106. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.6.1 MX238B pin assignment 108. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.6.2 MX238B status display 109. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.7 MX460B frequency amplifier 110. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.7.1 MX460B pin assignment 111. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.7.2 MX460B status display 113. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.8 MX1609KB and MX1609TB  thermocouple amplifier 114. . . . . . . . . . . .



8.8.1 Thermocouple with TEDS functionality (RFID) 116. . . . . . . . . . . . . . . . .



8.8.2 MX1609 status display 118. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.9 MX471B CAN module 119. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.9.1 General information 119. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.9.2 MX471B pin assignment 121. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.9.3 LEDs status display 122. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.9.4 Receiving CAN messages 123. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.10 MX1601B amplifier 124. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.10.1 MX1601B pin assignment 124. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.10.2 MX1601B status display 126. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.11 MX1615B amplifier 128. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.11.1 MX1615B pin assignment 130. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



8.11.2 MX1615B status display 132. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9 Transducer connection 134. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.1 Full bridge, SG 134. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.2 Full bridge, inductive 135. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.3 Full bridge, piezoresistive 136. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.4 Half bridge, SG 137. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.5 Half bridge, inductive 138. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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9.6 Quarter bridge, SG 139. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.7 Adapter quarter bridge, SG 140. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.8 Connecting transducers with double shield technique 141. . . . . . . . . . .



9.9 Potentiometric transducers 142. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.10 LVDT transducers 143. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.11 Current-fed piezoelectric transducer  (ICP/IEPE) 144. . . . . . . . . . . . . . .



9.12 Electrical voltage 100 mV 146. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.13 DC voltage sources 10 V 147. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.14 DC voltage sources 60 V 148. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.15 Voltage sources up to 300 V (CAT II) 149. . . . . . . . . . . . . . . . . . . . . . . . .



9.16 DC current sources 20 mA 150. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.17 DC current sources 20 mA - voltage-fed 151. . . . . . . . . . . . . . . . . . . . . . .



9.18 Ohmic resistance (e.g. PTC, NTC, KTY, …) 152. . . . . . . . . . . . . . . . . . .



9.19 Resistance thermometer PT100, PT1000 153. . . . . . . . . . . . . . . . . . . . . .



9.20 Thermocouples 154. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.21 Frequency, differential, without directional signal 157. . . . . . . . . . . . . . .



9.22 Frequency, differential, with directional signal 158. . . . . . . . . . . . . . . . . .



9.23 Frequency, single-pole, with directional signal 159. . . . . . . . . . . . . . . . . .



9.24 Encoder and pulse encoder, differential 160. . . . . . . . . . . . . . . . . . . . . . .



9.25 Encoder and pulse encoder, single-pole 161. . . . . . . . . . . . . . . . . . . . . . .



9.26 Rotary encoder and pulse generator, single pole with static



directional signal 162. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



9.27 Absolute value encoder with SSI protocol 163. . . . . . . . . . . . . . . . . . . . .



9.28 Passive inductive encoder (Pickups, Crankshaft sensor) 165. . . . . . . .



9.29 Measurement of rotational speed, Crankshaft sensor (digital, TTL) 166



9.30 PWM - Pulse width, pulse duration, period duration 167. . . . . . . . . . . . .



9.31 PWM - Pulse width, pulse duration, period duration, single-pole 168. .



9.32 CAN bus 169. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



10 Functions and outputs 171. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



10.1 Amplifier with analog outputs 172. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



10.2 MX460B 175. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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10.3 MX878B 176. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



10.4 MX879B Multi‐I/O module 184. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



10.5 MX471B 190. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



11 FAQ 191. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12 Accessories 195. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.1 System accessories 205. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.1.1 BPX001 backplane 205. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.1.3 Housing connection elements 207. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.2 Voltage supply 207. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.2.1 Power pack NTX001 207. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.2.2 Supply cable 208. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.3 IEEE1394b FireWire 209. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.3.1 IEEE1394b FireWire cable (module-to-module; IP67) 209. . . . . . . . . . .



12.3.2 Connection cable (PC to module) 209. . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.3.3 Connection cable (PC to hub) 210. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.4 General information 211. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.4.1 Plug kit with TEDS chip 211. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.4.2 Port saver Sub-HD 15-pin 211. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.4.3 Adapter D-Sub-HD 15-pin to D-Sub 15-pin 212. . . . . . . . . . . . . . . . . . . .



12.5 Accessories for MX840B, MX440B 213. . . . . . . . . . . . . . . . . . . . . . . . . . .



12.5.1 Cold junction for thermocouples 213. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.6 SubHD15 to BNC adapter 214. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.7 SCM-HV accessories 215. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.8 SCM-SG120/350 quarter bridge adapter 216. . . . . . . . . . . . . . . . . . . . . .



12.9 MX1609/KB/TB accessories 217. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



12.9.1 Thermo-connector with integrated RFID chip 217. . . . . . . . . . . . . . . . . . .



13 Support 218. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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1 Safety instructions



Notice



The safety instructions described here also apply to the



power pack NTX001 and the active backplane BPX001



and BPX002.



Appropriate use



A module with connected transducers is to be used



exclusively for measurement tasks and Test tasks. Use



for any purpose other than the above is deemed to be
non-designated, inappropriate use.



In the interests of safety, the module should only be



operated as described in the Operating Manuals. It is
also essential to comply with the legal and safety



requirements for the application concerned during use.



The same applies to the use of accessories.



Before commissioning the module for the first time, you



must first run a project planning and risk analysis that



takes into account all the safety aspects of automation



technology. This particularly concerns personal and



machine protection.



Additional safety precautions must be taken in plants



where malfunctions could cause major damage, loss of



data or even personal injury. In the event of a fault, these



precautions establish safe operating conditions.



This can be done, for example, by mechanical



interlocking, error signaling, limit value switches, etc.
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Notice



The module must not be connected directly to a power



supply system. The supply voltage must be 10 V … 30 V



(DC).



General dangers of failing to follow the safety



instructions



Every module is a state of the art device and as such is



failsafe. The module may give rise to residual dangers if



it is inappropriately installed and operated by untrained
personnel. Any person instructed to carry out installation,



commissioning, maintenance or repair of the modules



must have read and understood the Operating Manuals



and in particular the technical safety instructions.



The scope of supply and performance of the modules



only covers a small area of measurement technology. In



addition, equipment planners, installers and operators



should plan, implement and respond to the safety
engineering considerations of measurement technology



in such a way as to minimize residual dangers. On-site



regulations must be complied with at all times. There



must be reference to the residual dangers connected



with measurement technology. After making settings and



carrying out activities that are password-protected, you
must make sure that any controls that may be connected



remain in safe condition until the switching performance



of the module has been tested.
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Conditions on site



For modules in the housing with degree of protection



IP20:



� Protect the modules from dirt and moisture or the ef



fects of weather such as rain, snow, etc.



� The permissible relative humidity at 31 o C is 80%
(non-condensing); linear reduction to 50% at 40 o C.



� Make sure that the side ventilation openings are not



covered.



For all modules:



� Do not expose the modules to direct sunlight.



� Please observe the permissible maximum ambient



temperatures stated in the specifications.



� Ensure there is adequate ventilation for installation in



the BPX001 backplane.



Maintenance and cleaning



The modules are maintenance-free. Please note the



following points when cleaning the housing:



� Before cleaning, disconnect all connections.



� Clean the housing with a soft, slightly damp (not wet!)



cloth.  Never use solvent as this could damage the



labeling or the housing.



� When cleaning, ensure that no liquid gets into the



module or connections.



Outputs



Particular attention must be paid to safety when using the



digital, analog or CAN bus outputs of a module. Ensure
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that status or control signals cannot initiate any actions
that may pose a danger to persons or the environment.



Product liability



In the following cases, the protection provided for the



device may be adversely affected. Liability for device
functionality then passes to the operator:



� The device is not used in accordance with the operat



ing manual.



� The device is used outside the field of application de



scribed in this section.



� The operator makes unauthorized changes to the



device.



Warning signs and danger symbols



Important instructions for your safety are specifically



identified. It is essential to follow these instructions in



order to prevent accidents and damage to property.



Safety instructions are structured as follows:



WARNING



Type of danger



Consequences of non-compliance



Averting the danger



� Warning sign: draws attention to the danger



� Signal word: indicates the severity of the danger



(see table below)



� Type of danger: identifies the type or source of the
danger
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� Consequences:describes the consequences of non-
compliance



� Defense: indicates how the danger can be avoided/



bypassed.



Danger classes as per ANSI



Warning sign, signal word Meaning



WARNING
This marking warns of a potentially dangerous situ



ation in which failure to comply with safety require



ments may result in death or serious physical injury.



CAUTION
This marking warns of a potentially dangerous situ



ation in which failure to comply with safety require



ments may result in slight or moderate physical injury.



Note
This marking draws your attention to a situation in



which failure to comply with safety requirements may



lead to damage to property.



Working safely



The supply connection, as well as the signal and sensor



leads, must be installed in such a way that



electromagnetic interference does not adversely affect



device functionality (HBM recommendation: "Greenline



shielding design", downloadable from the Internet at
http://www.hbm.com/Greenline).



Automation equipment and devices must be covered



over in such a way that adequate protection or locking
against unintentional actuation is provided (e.g. access



checks, password protection, etc.).



When devices are working in a network, these networks
must be designed in such a way that malfunctions in



individual nodes can be detected and shut down.



Safety precautions must be taken both in terms of



hardware and software, so that a line break or other
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interruptions to signal transmission, e.g. via the bus
interfaces, do not cause undefined states or loss of data



in the automation device.



Error messages should only be acknowledged once the



cause of the error is removed and no further danger
exists.



Conversions and modifications



The module must not be modified from the design or
safety engineering point of view except with our express



agreement. Any modification shall exclude all liability on



our part for any resultant damage.



In particular, any repair or soldering work on



motherboards (exchanging components) is prohibited.



When exchanging complete modules, use only original



parts from HBM.



The module is delivered from the factory with a fixed



hardware and software configuration. Changes can only



be made within the possibilities documented in the



manuals.



Qualified personnel



Important



This device is only to be installed and used by qualified



personnel strictly in accordance with the specifications



and with the safety rules and regulations which follow.



Qualified persons means persons entrusted with the



installation, fitting, commissioning and operation of the



product who possess the appropriate qualifications for



their function. This module is only to be installed and
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used by qualified personnel, strictly in accordance with
the specifications and the safety rules and regulations.



This includes people who meet at least one of the three



following requirements:



� Knowledge of the safety concepts of automation tech



nology is a requirement and as project personnel, you



must be familiar with these concepts.



� As automation plant operating personnel, you have



been instructed how to handle the machinery and are



familiar with the operation of the modules and techno



logies described in this documentation.



� As commissioning engineers or service engineers,



you have successfully completed the training to qual



ify you to repair the automation systems. You are also



authorized to activate, ground and label circuits and
equipment in accordance with safety engineering



standards.



It is also essential to comply with the legal and safety
requirements for the application concerned during use.



The same applies to the use of accessories.
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2 Electro magnetic conformity



Additional information about the relevant EMC standards



EN 61326-1 / EN61326-2-x.



These standards define emissions limits and immunity



requirements for different environments.



Emissions requirements are defined for the following en



vironments:



- Industrial (Class A) or



- Residential / Laboratory (Class B).



The standard refers to CISPR 11:2009+A1:2010.



Immunity requirements are defined for the following envi



ronments:



- Controlled electro-magnetic (lowest requirements)



- Basic or



- Industrial (highest requirements).



The modules listed in the declaration of conformity com



ply with the requirements for the following environments:



Emissions: Class A



Immunity: Industrial environment



The QuantumX series and its modules are intended for



use in an industrial environment. When used in



residential or commercial environments, additional ar



rangements may be required to limit electro-magnetic



emissions.



An example is voltage supply of the modules by battery.



In this case please wrap the power supply cable
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(KAB271-3) around the inductive coil included in the
package four times.



ODU plug



When the NTX001 power supply from HBM is used, the



system complies with Emissions: Class B without the



necessity to carry out the meaasure described above. 
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3 Markings used



3.1 The markings used in this document



Important instructions for your safety are specifically
identified. It is essential to follow these instructions, in



order to prevent damage.



Symbol Meaning



Note
This marking draws your attention to a situation in



which failure to comply with safety requirements may



lead to damage to property.



CAUTION
This marking warns of a potentially dangerous situ



ation in which failure to comply with safety require



ments may result in slight or moderate physical injury.



Important



This marking draws your attention to important in



formation about the product or about handling the



product.



Tip



This marking indicates application tips or other in



formation that is useful to you.



Device -> New Bold text indicates menu items, as well as dialog and



window titles in the user interfaces. Arrows between



menu items indicate the sequence in which the



menus and sub-menus are opened.



Sampling rate, 500 Bold text in italics indicates inputs and input fields in



the user interfaces.



Emphasis



See …



Italics are used to emphasize and highlight text and



identify references to sections, diagrams, or external



documents and files.
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3.2 Symbols on the device



CE marking



CE marking enables the manufacturer to guarantee that



the product complies with the requirements of the



relevant EC directives (the Declaration of Conformity can
be found on the HBM website (www.hbm.com) under



HBMdoc).



Statutory waste disposal mark



In accordance with national and local environmental



protection and material recovery and recycling



regulations, old devices that can no longer be used must



be disposed of separately and not with normal household



garbage.



 Electrostatically sensitive components



Components marked with this symbol can be damaged



beyond repair by electrostatic discharge. Please observe



the handling instructions for components exposed to the
risk of electrostatic discharge.





http://www.hbm.com/index.php?id=463&L=1
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4 Introduction



4.1 About the QuantumX documentation



The QuantumX family documentation consists of



� a printed quick start guide for initial start-up



� the data sheets in PDF format



� This operating manual in PDF format



� the operating manual for the EtherCAT®1) / Ethernet
gateway CX27 in PDF format



� the operating manual for data recorder CX22B-W and



CX22B data recorders



� the operating manual for CANBus



� the operating manual for the MX403B and MX809B



modules for safe measurement at high potential



� the operating instructions for the Signal Conditioning



Modules (SCM)



- High-voltage signal conditioned SCM-HV 



(300 V CAT II)



- Quarter bridge adapter SCM-SG-120 / -350 for



connecting SGs individually



� the product descriptions for accessories



� a comprehensive online help with index and easy



search options which is available after the installation



of a software package (e.g. QuantumX Assistant, cat
man®EASY). Information about module and channel



configuration can also be found here.



1) EtherCAT® is a registered brand and patented technology, licensed by Beckhoff Automation



GmbH, Germany
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These documents can be found



� on the QuantumX system CD supplied with the device



� After installation of the QuantumX Assistant on the



hard drive of your PC, which can be reached through



the Windows start menu



� Up-to date versions are always available from our In
ternet site at  www.hbm.com/hbmdoc



4.2 The QuantumX family



The QuantumX family is a modular measurement system



for universal applications. The modules can be individu



ally combined and intelligently connected according to
the measurement task. Distributed operation makes it



possible to position individual modules close to the meas



uring points, resulting in short sensor lines.



The QuantumX family consists of the following



modules:



� MX840B Universal amplifier



The module has 8 universal inputs and supports more



than 15 transducer technologies.



� MX440B Universal amplifier 
Like the MX840B, but with 4 inputs (connections 5-8



of MX840B, without CAN).



� MX410B Highly dynamic universal amplifier



The module has 4 universal inputs and supports com
monly used transducer technologies (at a sampling



rate of up to 96,000 measured values per channel per



second).



� MX430B QuantumX precision bridge measurement
module. The module has 4 inputs and supports full



bridge SG-based transducers with an accuracy class



of 100 ppm.





www.hbm.com
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� MX238B Precision full bridge amplifier
The module has 2 full bridge SG inputs with an accu



racy of 25 ppm.



� MX460B Digital module (counter, frequency, timer)



The module has 4 individually configurable inputs for



connecting HBM torque measurement shafts (T12,
T40, T10), rotational speed sensors, crankshaft sen



sors with gap (TDC sensor), pulse width modulated



signals - PWM



� MX471B CAN module
The module has 4 CAN bus nodes that can be con



figured for receiving and sending messages. The



module supports the CCP and xCP-on-CAN protocols



on up to 2 channels.



� MX1601B Analog amplifier (standardized voltage /



current, IEPE)



The module has 16 individually configurable inputs for



standardized voltage or current measurement or for



connecting current-fed piezoelectric transducers



(IEPE / ICP(R) ).



� MX1615B/MX1616B SG bridge amplifier



The module has 16 individually configurable inputs for



SGs in quarter, half and full bridge circuits. Bridge



excitation voltage DC or carrier frequency (1200 Hz).



� MX1609KB Thermocouple amplifier



The module has 16 inputs for type K thermocouples.



� MX1609TB Thermocouple amplifier
The module has 16 inputs for type K thermocouples.



� MX809B Thermo measurement module



The module has 8 inputs for measurement of tempe



ratures with thermocouples or electrical cell voltages



up to 5 V at a potential up to 1000 V in energy storage
systems. General measurement categories: 600 V



CAT II, 300 V CAT III.



The module and entire production have been certified
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by VDE, and stand for maximum safety when working
with dangerous voltages.



� MX403B voltage module



The module has 4 inputs with lab connectors for



voltage measurement (1000 V CAT II, 600 V CAT III).



The module and entire production have been certified
by VDE, and stand for maximum safety when working



with dangerous voltages.



Notice



When using the modules MX403B or MX809B, please



refer to the separate operating manual, document num



ber A3757.



� CX22B or CX22B-W (WLAN) Data recorder 



The module is used for local recording of measure
ment data.



� CX27B EtherCAT®/Ethernet gateway 



The module is used to connect QuantumX modules to



the EtherCAT® fieldbus or the Ethernet.



� MX878B Analog output module 



The module has 8 scalable voltage outputs (�10 V)



that can be assigned with a system signal or a source



signal. Signals can also be calculated in real time.



� MX879B Multi‐I/O module 



The module has 8 scalable voltage outputs and 32



configurable digital inputs/outputs. Signals can also be



calculated in real time.



All modules have the following in common:



� Supply voltage range 10 … 30 V DC (nominal rated



voltage 24 V DC)
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� Configurable Ethernet interface for data communica
tion with an operating PC



� 2 IEEE1394b FireWire interfaces



- For optional voltage supply



- For optional data communication with a PC



- For automatic time synchronization of the modules



- For real-time transfer of measurement data



between the modules



� Connector for installation on a backplane (not applic



able for ultra-robust variants)



� Status LEDs for displaying general system and chan
nel states



� A factory calibration certificate is stored on each amp



lifier, which can be read by the QuantumX Assistant.



� AutoBoot (module configurations are retained)



With amplifiers, the following applies for each



measurement channel:



� Galvanic isolation (signal inputs/outputs, voltage sup



ply, communication)



� Configurable supply voltage for active sensors



� Support for TEDS2) technology (read, write)



� Configurable sampling rate



� Configurable digital filter (Bessel, Butterworth)



� configurable scaling



Sensors assigned using the sensor database can be cal



ibrated via the channel and written back into the sensor



database.



2) TEDS = Transducer Electronic Data Sheet
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4.3 Module overview/transducer



technologies
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See data sheets for precise technical specifications. The
pin assignments can be found in the following chapters.



4.4 Digitalization and signal path



Data rate



QuantumX measurement modules with the suffix B, like



the MX840B, for instance, have decimal data rates such
as 600, 1200, ....19,200 S/sec available, in addition to



classic data rates such as 500, 1000, .... 100,000 S/sec.



When there are several modules in a group, the selected



data rate domains must be identical. Catman® or MX
Assistent software allows toggling the sample rate do



main, e.g. From „Classic“ to „Decimal“.



Signal paths



Synchronizing the acquisition of all channels allows sig



nal analysis of all recorded measurement data at the



same time.



It often happens that some sensor signals should be



made available in real time, in parallel with the data ana



lysis of highfrequency signals (e.g. 100 kS/sec per chan



nel), i.e. deterministically, with a moderate data rate (e.g.



1 kS/sec or 1 ms control loop) and with a minimum



latency time (e.g. max. 1 ms).



To do this, the modules need to be connected with each



other via the FireWire bus and the signals need to be



made available "isochronously", for example, to be com
puted and/or output via another module (analog, CAN,



EtherCAT).



To give this parallel operation optimum support, each



QuantumX measurement channel generates two signals.
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The maximum isochronous data rate per channel is ap
prox. 5 kS/sec (125 μs clock pulse on the FireWire bus).



Scaling



QuantumX supports the following types of scaling:



� Two points (2‐point / y=mx+b)



� Table (multi-point) supported from MX840B, MX440B,



MX1609/KB/TB, MX809B



� Polynomial, supported from MX840B, MX440B,



MX440B, MX430B, MX238B



The 16-channel modules (MX1601B and MX1615B) as
well as modules MX403B and MX460B only support two-



point scaling.



4.5 Synchronization



If measurement signals need to be referenced over time



with each other for processing and analysis, they must



be recorded synchronously.



All QuantumX modules can be synchronized among



themselves. This ensures simultaneous measurement on



all channels. All the analog-digital converter rates, meas



uring rates and bridge excitation voltages are therefore



also synchronized.



Synchronization methods:



Synchronisation via Ethernet IEEE1588:2008 (PTPv2)



When modules such as the MX840B are set to this syn



chronization mode and interconnected using a switch



with PTP capability, they automatically synchronize with



each other or a Grandmaster Clock. Transparent Clock



(TC) mode is supported here.
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The following setup parameters are available:



� Time delay: End2End (E2E) or Peer2Peer (P2P)



� Transport protocol: IPv4 or IPv6



Modules that do not support this mode, such as MX840A



can be connected via FireWire to the adjacent module



with PTPv2, and included in the synchronization (auto
matic clock distribution).



The converted modules must be restarted. The system



as a whole therefore supports the classic HBM sample
rates only.



Converted modules need to be restarted. After restart,



check the system LEDs at the module front  green
means synchronous.



Synchronization via IEEE1394b FireWire



All the modules are synchronized automatically when



they are connected via the IEEE1394b FireWire cable.



No CX27/B module present in the system and no exter



nal synchronization source available:



The module with the highest serial number (UUID) takes



over the master function.



CX27/B module present in the system and no external



synchronization source available:



If a CX27/B module is connected, it automatically



becomes the synchronization master. When starting the
system, the system time is set once to the actual time.



If QuantumX modules alone are being used, internal syn



chronization is sufficient. However, if synchronous mea
surements are to be performed by different measurement



systems, an external master must be used for synchro



nization.
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Synchronization with external sources



In an external synchronization source is set, the module



with the best synchronization quality automatically



becomes the master and synchronizes all modules con



nected via IEEE1394b FireWire.



If several external sources are selected, the system



decides according to the following priorities:



1. EtherCAT®



2. IRIG-B



3. NTP



Synchronization via EtherCAT®



The CX27 gateway  supports the “Distributed Clocks”



expansion of EtherCAT®. The time is distributed to all



EtherCAT® nodes in an EtherCAT® group.



The CX27 module can be synchronized to the Ether



CAT® time. This will mean that all the QuantumX module
clocks are synchronized to this time.



Synchronization via an NTP server



Each QuantumX module can synchronize its internal
clock with an NTP server. The NTP time is distributed to



the other modules via IEEE1394b FireWire.



It is possible to achieve accuracies of 1 ms or higher,



depending on the utilization of the network and on
whether or not a dedicated NTP master is being used.



Modules located close together should be synchronized



via IEEE1394b FireWire.



If the synchronization source for a module is changed to



NTP, the system must be restarted once. The HBM cat
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man®EASY software includes an NTP software pack
age.



Parameter:



� IP address of the NTP server



� Threshold in s below which the time deviation to



NTP time is tolerated



Further information about NTP can be found at



http://www.ntp.org 



Synchronization via IRIG-B



IRIG-B is a standardized time coding.



To time-synchronize the QuantumX system, the digital or
analog modulated time signal is sent externally to any



analog voltage input of the amplifier type MX840B or



MX440B (see Assignment, section 8.2.1).



The B127 format uses analog modulation. Connection is



identical to that of a 10-V voltage sensor.



The other formats are BCD‐coded and must be con
nected analog to the sensor "Frequencies single-pole,



without directional signal", see section 9.29.



The amplifiers can record IRIG‐B signals of type B000 to



B007 and B120 to B127. All modules connected via
IEEE1394b FireWire are also automatically synchro



nized. The coding includes the time, year and optionally



the seconds of the day.





http://www.ntp.org
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Comparison of synchronization mechanisms



Feature IEEE1394b



FireWire



Ethernet



(PTPv2)



Ethernet



(NTP)



EtherCAT® IRIG-B



Synchroniza



tion with



other device



types



QuantumX



only



QuantumX



B module



GENESIS



Cameras



QuantumX,



MGCplus



other 



interrogators



All



EtherCAT®
nodes



All IRIG-B



nodes



Max. dis



tance



between



QuantumX



modules



5 m (40 m



with



IEEE1394b 



FireWire ex



tender, 
500 m via



optical fiber)



100 m elec



trical and up



to a few



100 m opti



cal



100 m elec



trical, several



km optical,



variable with



WLAN



100 m -



Number of



modules to



be synchron



ized



24 Unlimited Unlimited CX27 re



quired, un



limited



Unlimited



MX440B,



MX840B



required,



Synchroniza



tion accuracy



< 1 s < 1 s



(with recom



mended



PTPv2



switches up
to 100 ns)



100 s to 10



ms



< 1 s < 1 s



Synchroniza



tion settling



time



Immediate Up to 20 s



(on initial



startup)



Up to 30 min



during first



start, up to



2 min during



restart



Immediate Immediate
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IRIG-BEtherCAT®Ethernet



(NTP)



Ethernet



(PTPv2)



IEEE1394b



FireWire



Feature



Synchroniza



tion 



master



Auto



1 QuantumX



module



Auto oder



Grandmas



ter‐



Clock



External Syn



cMaster ,



e.g. PC



External



SyncMaster



External



IRIG-B



master



Voltage sup



ply



< 1.5 A,



looped



through



- - - -
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CX27B



EtherCAT®



NTP *)



Ethernet



NTP



Automatic



(factory setting)



Synchronization via IEEE1394b FireWire



Synchronizing via CX27B (EtherCAT®)



Synchronizing via Ethernet / NTP (without IEEE1394b FireWire) 



Time base:



Time base:



EtherCAT® master



Time base:



Auto
Auto



NTP server



Ethernet



switch



Auto
Auto



Auto
Auto



Auto



Auto
Auto



Auto
Time base:



NTP server



NTP
NTP



NTP



Synchronizing via Ethernet / NTP and Gateway CX27B



(IEEE1394b FireWire to the modules)



*) CX27 or the module with the highest serial number
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PTP



Synchronzing via Ethernet PTPv2 (IEEE1588:2008)



Ethernet-



PTPv2Switch



PTP
PTP



PTP



Fig. 4.1 Different methods of time synchronization



Additional information on the subject of



"synchronized"



To achieve a precise reference over time, the applicable



channels must be parameterized with the same filter set



tings. In the modules no automatic runtime correction is



carried out. The filter runtimes are shown in the respec
tive data sheet. After booting and successful synchro



nization, the system LED is lit green. If synchronization is



disturbed, or not yet established, the system LED is lit



orange.
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Example: MX840B



Time format used



Basis: 1.1.2000



Time stamp: 64 bit



32 bit seconds



32 bit fractions of a second, 



resolution (1/232)



These time stamps are appended to the measured val



ues.



There are several synchronization methods to choose



from (also see Fig. 4.1 page  33):



� Synchronization via IEEE1394b FireWire



� Synchronization via EtherCAT® (CX27)



� Synchronization via NTP (Network Time Protocol)



with IEEE1394b FireWire



� Synchronization via NTP without IEEE1394b FireWire
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5 Software



QuantumX is an "open" data acquisition system, and can



be integrated into a great many operating, analysis and



automation software packages.



The following powerful packages are available to down



load:



- MX Assistant: a modern and free device or system



assistant that supports all the module functions



- catman®Easy / AP / Enterprise: the powerful, pro



fessional software for acquiring measurement data



from 4 up to 20,000 channels



- Drivers for LabVIEW, Visual Studio .NET, CANape,



DIAdem, MATLAB, mlab, InNova etc.



- Windows device driver for IEEE1394b FireWire



5.1 MX Assistant



The HBM "QuantumX Assistant" software offers the fol



lowing functions:



System:



� Create overview (modules, host PC)



Modules:



� Data rate domain adjustment (decimal, classical
HBM)



� Time synchronization adjustment



� Search and configuration (e.g. TCP/IP communica



tion), naming



� Reset to factory settings
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� Read out working standard calibration data to create a
certificate in PDF format



� Analysis (information, status, log file)



� Read out, save and upload to the respective module



Channels/sensors:



� Configuration (name, connection type, TEDS, semi-



automatic assignment)



� Measurement



� Activate/deactivate isochronous operation via



IEEE1394b FireWire



Individual signals:



� Set sampling rates and filters (type, cut-off frequency)



Measured values (scope):



� Start/stop continuous graphic measurements (time
frames, trigger, zoom)



� Basic signal analysis (X/Y cursor)



� Record measurements



Functions and outputs:



� Map inputs to outputs (scaled, filtered)



� Real-time function parameterization (RMS value,



addition, multiplication), torsional vibration analysis,



limit value monitoring, matrix calculation, PID con



troller



� Map signals to CAN messages or route CAN to CAN,



including adaptation of data types, and save configu



ration as database (*.dbc)



� Map signals to EtherCAT messages and save confi
guration as database (*.esi)
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Sensor database



� Write/Read sensor data sheets to TEDS



� Add user-defined sensor data sheets, import CANdb



(*.dbc)



5.2 catman®AP



The HBM "catman®AP" software is optimally suited for



the following tasks:



� Setting the communication and measurement chan



nels (integrated TEDS editor and extendable sensor



database)



� Configuration of measurement or test tasks (chan



nels, sampling rates, triggers, comments, interactions)



� Setting up virtual online calculated channels (algebra,
FFT, logic, SG rosette evaluation, differential, integral,



etc.)



� Setting up limit value or event monitoring (digital out
put activation, acoustic alarm, logbook entry) including



Push notification



� Individual graphic representation options (strip chart,



analog meter, digital or bar display, tables,
2D frequency spectrum, geographical maps, status



LED, etc.)



� Signal visualization in time, frequency or angular reali



zation



� Diverse storage options (all data, cyclic, ring buffer,



long-term measurements, etc.)



� Maximum data throughput of 12 MS/s or 100 Mbyte/s



� Export of measured data in current data format (cat



man®BIN, Excel, ASCII, MDF, MAT, DIAdem, UFF)
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� Graphical post‐process analysis of recorded data,
data cleansing and export to different formats.



� Automation of measurement sequences (Auto



Sequence and EasyScript)



� Generating reports (with graphic displays, analyses,



comments)



The software package  catman®AP consists of various



modules:



� catmanEASY – the basic package for recording



measurement and virtual channels, visualization and



storing measurement data with integrated sensor



database and TEDS 



� EasyRoadload  includes Ethernet drivers for Kistler



RoaDyn® measuring wheels, EasyVideocam, geo
graphical maps, importing a channel parameter list



from Microsoft Excel.



� EasyMonitoring  contain Parallel Recording Integra
tion FTP/SFTP Client including Push notification.



� EasyVideocam Integration of up to 4 video cameras



(generally Windows DirectShow, USB / Ethernet /



FireWire)



� EasyPlan allows for preparatory parameterization and



configuration without an amplifier connected using a



wizard or tables with Microsoft EXCEL®



� EasyScript is based on the current VBA standard
(Visual Basic for Applications) and allows users to



write their own scripts for individual measurement



tasks



� EasyMath allows mathematical postprocess analysis



and export of measurement data
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5.3 LabVIEW® driver / library



LabVIEW is a graphical programming system from Na



tional Instruments. The acronym stands for “Laboratory



Virtual Instrumentation Engineering Workbench”.



The main application areas for LabVIEW are in measure



ment, control and automation technology.



LabVIEW modules are virtual instruments (VIs) or sub-
programs that are used in LabVIEW programs for con



venient device control. The library components are used



to initialize, open and close interfaces, to initialize and



configure the modules, to make settings, and to trigger



and query measurements.



The HBM LabVIEW driver is based on the HBM com



mon.NET API. The installation includes some examples



and extensive help.



5.4 Driver for Microsoft® Visual



Studio .NET



The HBM Common API can be understood as a generic
application programming interface (API), and integrates



QuantumX into the powerful programming environment



of Microsoft Visual Studio .NET. Programmers can use



APIs to directly access almost all QuantumX device func



tions and use them in their own programs.



Functions such as communication connection, configura



tion of measurement channels, implementation of meas



urements and troubleshooting are components of the



library.



This package can be downloaded free from hbm.com.



There are applicationbased examples and practical doc



umentation to help you get started quickly.
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5.5 Other drivers



QuantumX is an open data acquisition system and there
fore has been integrated into many software packages.



Here are some examples:



� DIAdem



� CANape



� DASYLab



� MATLAB



� Mlab



� InNova



5.6 Firmware update via Ethernet



You can easily check the firmware status of the modules
and update them when necessary with the "MX Assis



tent" software or catman® .



Before updating your firmware, check whether your PC



software needs updating first.



We recommend checking the firmware and updating it as



needed:



� If you want to use a new PC software package



� If you want to expand your system with new modules



You can also determine the firmware status of your mod



ules using the QuantumX Assistant:



� Rightclick on the computer in the device overview



�> Details �> System overview
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6 Mechanical



QuantumX modules are extensively tested. This includes



- the extended temperature range



- mechanical vibration with an amplitude of 50 m/s²



in the frequency range 5 ... 2000 Hz in all 3 axes



for 2 hours, and



- the effect of exposure to 1000-fold mechanical



shock with an acceleration (half cosine) of 350 m/s²



for 3 ms in all 3 axes.



The degree of protection given in the technical data indic
ates the suitability of the housings for various ambient



conditions and also the protection of persons against po



tential risks when used. The letters IP (International Pro



tection), which are always present in the designation, are



followed by two digits. These indicate which degree of
protection a housing offers against contact or foreign



bodies (first digit) and moisture (second digit).



QuantumX modules are in a housing with IP20 as degree



of protection.



IP 2 0



Code



index



Degree of protection against



contact and foreign bodies



Code



index



Degree of protection against



water



2 Protection against contact with



fingers, protection against for



eign substances with  >12



mm



0 No water protection



Both housing types can be connected together with the



aid of two lateral housing clips (1-CASECLIP, not in
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cluded in scope of delivery). To do this, the existing lat
eral covers must be removed and the housing clips



screwed on.



6.1 Mounting case clips on modules



The module electronics are integrated in a metal housing



that is surrounded by a case protection (CASEPROT).
This also serves for centering when several devices are



stacked on top of each other and offers a certain degree



of protection against mechanical damage.



MX840 housing



Case protection



Cover



Fig. 6.1 Amplifier MX840 with case protection



The mounting of the housing clips shown in the following



pictures must be implemented on both sides of the hous



ing.
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2.5 a.f.



Fig. 6.2 Removing the case protection



Cover



Fig. 6.3 Removing the cover
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Case clip



2.5 a.f.



Fig. 6.4 Mounting the case clip CASECLIP



2.5 a.f.



Fig. 6.5 Mounting the case protection CASEPROT
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6.2 Connecting housings



The following pictures show the connection of two hous
ings.



Press



Fig. 6.6 Unclip the case clip CASECLIP



Catch



Lever



Fig. 6.7 Unclip the lever and catch
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Fig. 6.8 Close the lever



Fig. 6.9 Connected housings
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6.3 Mounting the housing with CASEFIT



A CASEFIT fitting panel can be used for flexible mount
ing of QuantumX series modules. The modules can be



fastened in place with belt tensioners or case clips



(CASECLIP).



Lugs for additional



fastening with



tension belts



132



1
6
9.



5
Ø 5.6



2
21
1
.4



a
p
p
ro



x
. 
3
0



Dimensions in mm (1 mm = 0.03937 inches)



Fig. 6.10 Mounting with CASEFIT and CASECLIP



6.4 BPX001/BPX002 backplane



The use of a backplane such as BPX001 or BPX002
(RACK) allows up to 9 modules to be connected with



hardly any wiring.



The backplane also has two additional FireWire inter
faces for integrating distributed modules or for direct con



nection to a PC or data recorder. The IEEE1394b



FireWire interfaces are actively interconnected.
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The individual modules can also be connected via Ether
net (RJ45) through the openings on the back of the back



plane.  FireWire interfaces of the individual modules are



actively connected to each other.



The modules can be positioned anywhere in the back
plane. The backplane BPX001 is designed for wall or



control cabinet installation and has drill holes for attach



ment. The BPX002 backplane for rack mounting in a 19”
enclosure. The BPX002 backplane is an extension of the
BPX001.



Slot 1



Slot 9



Fig. 6.11 Example of QuantumX backplane fitting
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6.4.1 Connection



X1 / X2IEEE1394b FireWire
(PC, external modules)



Fuses with
control LEDs



4 x 4 A/T



Supply voltage
18 V ... 30 V DC



5 A max.



Grounding



VG strip 



Module



connection



+ -



Fig. 6.12 BPX001 connections
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Fuse Protects



1 IEEE1394b FireWire X1 connection



2 IEEE1394b FireWire X2 connection



3 Slots 1 to 4



4 Slots 5 to 9



6.4.2 Backplane BPX001



A total of 10 drill holes are provided in the backplane for
wall mounting ( 6.5 mm). We recommend using the



outer 4 drill holes for wall mounting.



Notice



Only use countersunk screws for fastening. Otherwise



the modules cannot be mounted correctly.



449



407.75
318.75



229.75
140.75



56.75
85



36
.2



5
14



7.
5



22
0



6.5



Fig. 6.13 BPX001 drilling pattern and dimensions











Mechanical



QuantumX A3031-15.0  HBM: public 51



Note the following information when installing one or
more backplanes in a control cabinet:



� When installing in a control cabinet, the temperature



limits given in the technical data of the backplanes



must be complied with



� Depending on the installation situation, sufficient vent



ilation (vertical air flow) or cooling must be provided



(the maximum total output on a backplane is approx.
150 watts)



� The ventilation slots of the modules must not be



covered (by cable ducts, etc.)
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6.4.3 Backplane BPX002



470
462 214.5



448.5



22
0.



9



32
.7



5



65
.5



98
.2



5



13
1



16
5.



3



0



14
6.



05



482.6



Fig. 6.14 Rackmontage BPX002



6.4.4 Mounting the modules



Tools



We recommend a T-handle Allen wrench 4x150 (4 mm



across flats, length 150 mm).
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Notice



The modules can only be fastened in backplanes in



housings with degree of protection IP20 without case



protection, case clips or lateral covers. If these are



present, remove as shown in section  6.



Mounting sequence:



1. Remove the cover of the connecting plug (rear of



module).



Cover



Fig. 6.15 Removing the cover



2. Unscrew the upper and lower screwed clamping



glands of the backplane up to the stop (the screws



are secured against falling out!).



3. Position the module vertically on the backplane and



push it in carefully on the lower guide rail back up to



the stop.
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4,0 a.f.



Opening for con



nection to Ethernet



Lower screwed clamping gland
Guide rails



Upper screwed clamping gland



Fig. 6.16 Mounting the module



Fig. 6.17 Centering above the connection plug
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4. Tighten the lower then the upper screwed clamping
gland.



2.



1.



Fig. 6.18 Tightening the screwed clamping glands, sequence
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6.4.5 Backplane with Ethernet connection



A central CX27B gateway enables a BPX backplane to
be connected. Maximum sampling rate: 400 kS/s.



The IEEE1394b FireWire sockets on the backplane allow



integration of distributed modules into the system.



The individual modules can also be connected directly



via Ethernet on the back, with maximum sampling rate.



In this case, no gateway is required.



BPX001 + CX27



Fig. 6.19 Connecting a backplane via Ethernet
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6.4.6 Backplane with IEEE1394b FireWire



connection



The BPX backplane can be connected via IEEE1394b



FireWire directly to a PC or data recorder.



The second IEEE1394b FireWire socket on the back



plane can be used to integrate distributed modules into
the system.



BPX001



FireWire KAB293-5



Fig. 6.20 Connecting a backplane via IEEE1394b FireWire
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6.4.7 System layout with several backplanes



Multiple BPX backplanes can be synchronized via CX27
gateway modules. Connection of CX27 to CX27 via



KAB2722 or 5, via front IEEE1394b FireWire connec



tion.



Fig. 6.21 Synchronizing multiple backplanes
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7 Connecting individual QuantumX modules



7.1 Connecting the supply voltage



Connect the modules to a DC voltage of 10 V ... 30 V
(24V recommended). The power consumption per device



can be found in the following table.



CAUTION



The following rule of thumb applies to power distribution



via FireWire:



“An external voltage supply with the same voltage poten



tial is required on every 3rd module“.



Defects in the module cannot be excluded if a supply



voltage > 30 V is used. If the supply voltage drops below
10 V, the modules switch off.



We recommend installing an uninterruptible power supply



(UPS) in vehicles with battery operation between battery
and module to compensate for voltage drops during start



procedures.



Module Typical power consumption, includ



ing transducer excitation (watts)



MX840B 12



MX440B 10



MX410B 15



MX430B 8



MX238B 8



MX460B 9
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Typical power consumption, includ



ing transducer excitation (watts)



Module



MX471B 6



MX1601B 13



MX1615B/MX1616B 12



MX1609/KB/TB 6



MX809B 6



CX22B-W/



CX22B



12



CX27B 7



MX878B 7



MX879B 7



If several modules are connected to each other via
FireWire for time-synchronous data acquisition (see



Fig. 7.4), the supply voltage can be looped through. The



power pack used must be able to provide the appropriate



output.



The maximum permissible current on the IEEE1394b



FireWire connection cable is 1.5 A. If the chain is longer,



repeating the supply connection is mandatory.



If several amplifiers are operated non-synchronously (see



Fig. 7.3), they must be supplied separately.
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X104
NTX001



1-Kab271-3



Or



X101/X102
1-KAB272



FireWire



Fig. 7.1 Connecting socket for supply voltage
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7.2 Connection to host PC or data



recorder



7.2.1 Single Ethernet connection



TCP/IP, 100 Mbps



10 V ... 30 V DC



1-NTX001 or



1-KAB271-3



X100



X104



KAB293-2



Fig. 7.2 Single Ethernet connection



Notice



You must use an Ethernet crossover cable with older



computers. Newer PCs/laptops have Ethernet interfaces



with autocrossing function. You can also use Ethernet



patch cables for this purpose.
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7.2.2 Multiple Ethernet connection with PTP



synchronization



Patch cable



Patch cable



10 V ...



30 V DC



10 V ...



30 V DC



10 V ...



30 V DC



PTPv2‐Switch



Ethernet



Fig. 7.3 Multiple connection via Ethernet and synchronization



via PTPv2



Modules can be connected to the PC via Ethernet



PTPv2‐compliant switches. We recommend patch



cables.



Here are some examples:



- EX23-R from HBM



- Scalance XR324-12M from Siemens



- RSP20 or MACH1000  from Hirschmann



- Ha-VIS FTS 3100-PTP from Harting



- Stratix 5400 from Rockwell



PTP Grandmaster Clock examples:



- LANTIME M600 from Meinberg



- OTMC 100 from Omicron
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With the star structure displayed here, measurement
data from other modules is not lost if the Ethernet cable



is broken!



7.2.3 Multiple Ethernet connection and FireWire



synchronization



TCP/IP, 100 Mbps



Patch cable



Patch cable



10 V ... 30 V DC



FireWire connection



1-KAB272-x: Connection cable with various lengths (x m)



Basic rule: X102 -> X01 -> X102… to acceptor (PC, data recorder)



Standard Ethernet‐Switch



Fig. 7.4 Example of multiple connection via Ethernet with



synchronization



The supply voltage for the modules is looped through



FireWire in the configuration shown above (max. 1.5 A



through FireWire; for power consumption of the modules,



see Chapter 7).
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Advantage of this connection structure: The other mod
ules remain active if the Ethernet cable is broken.



7.2.4 Connecting one or more QuantumX modules



to the PC



Modules can be connected to a standard PC via Ethernet



(up to 100 m), via FireWire (electrically, up to 5 m, opti



cally up to 300 m), or via EtherCAT.



The following must be noted for TCP/IP communication



via Ethernet:



� We recommend that you retain the default setting



(DHCP/APIPA), so that the software can find the
modules that are in the network, or directly connec



ted. You can, of course, also parameterize the mod



ules with a fixed, static IP address. This also applies



to the PC or notebook. Advantage: this allows note



books in particular to be quickly and automatically in
tegrated without reconfiguration into the company



network (DHCP). But direct operation between the



notebook and the modules (peer2peer) is also very



quick, using automatic addressing (APIPA).



� The Ethernet network adapter of the PC or modules



can also be manually configured with a specific IP



address and subnet mask, of course.



The following must be noted for direct IPoverFireWire



via FireWire connection:



� FireWire adapter addressing (e.g. expressCard/34 or
PCIexpress) at the PC or data logger end uses a pre



viously installed Windows device driver from HBM,



and cannot be modified. The modules are automatic



ally addressed (plugandplay and USB), and are



available immediately.
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Notice



The network connection can be influenced by:



� An activated WiFi connection on your PC: Switch off



this connection, if necessary, and restart the network



search.



� The relevant scan ports not being enabled in the fire



wall settings of your PC.
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Recommended



To configure the IP address of the module:



� Activate DHCP/APIPA for automatic configuration.



Please set any PC directly connected to QuantumX to



DHCP as well.



� Manual configuration: Deactivate DHCP and enter the



same subnet mask address as used with your PC.



Change the IP address of your module so that it



permits communication (see example below)
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Example: 



Setting the IP address manually – module side



Settings IP address Subnet mask



Module before 169.1.1.22 255.255.255.0



PC / notebook 172.21.108.51 255.255.248.0



Module after 172.21.108.1 255.255.248.0



The first three digit groups of the PC and module IP



addresses should be the same. 



The subnet mask address digit groups must be identical



in the module and PC!
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Module settings



PC settings



Automatic



configuration



Manual



configuration



Module settings



PC settings



172.21.108.1



255.255.248.0



Fig. 7.5 Example of settings for a direct connection 
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Ethernet settings: adjust the IP address of your PC



If you want to operate the modules with a fixed, static IP



address, you should use the "Alternative Configuration"



(fixed IP address and subnet mask, userdefined) in the



Ethernet adapter properties under TCP/IP the ”Alternat
ive Configuration” in the TCP/IP properties (fixed IP ad



dress and subnet mask, user-defined)!



Edit the PCs settings as follows:



� Open the network connections (Start/Settings/Net



work connections).



� Mark your LAN connection with a right-click and select



“Properties” in the context menu.



� Select the “General” tab and under“This connection



uses the following items” mark Internet (TCP/IP).



Click on the “Properties” button.
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� On the “Alternate Configuration” tab, select the



“User-defined” option and enter your data in the “IP



address” and “Subnet mask” lines.



Example: 



Setting the IP address manually – PC side



Settings IP address Subnet mask



Module before 169.1.1.22 255.255.255.0



PC / notebook before 172.21.108.51 255.255.248.0



PC / notebook after 169.1.1.1 255.255.255.0
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� Confirm twice with “OK”.



In future your computer will use the “Alternative Config



uration” for the direct connection.



Integrating modules in an Ethernet network



� Activate the DHCP checkbox and click on“OK”. The



following confirmation window then appears:



� Confirm the settings with the“Yes” button. The



module will then be restarted with the current settings.
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7.2.5 Firmware update via Ethernet



We recommend that the firmware and software used to
operate QuantumX are always kept up to date.



� Download the latest firmware from the HBM website.



If you do not work with catman®, please download the



QuantumX software package from the HBM website.



Please save the firmware under ...\HBM\cat



manEasy\Firmware\QuantumXB, or on C:\Temp.



� Start catman®, scan the network for modules and



carry out the recommended firmware update. catman
comes with the firmware included. This is usually



stored under: 



C:\Program Files\HBM\catman\Firmware\Quan



tumXB



If you do not work with catman®, please install the



free MX Assistant, connect to the modules, and use it



to perform the update. If the modules have a firmware



version < 2.21, you should install the QuantumX Firm



ware Updater tool, and use it to bring all the modules



up to date. From firmware version > 4.0, a firmware



update can also be performed with the MX Assistant,
or with catman.
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Notice



You can update the firmware of the modules directly via



Ethernet, or via the CX27 gateway. You must never dis



connect the data link while the update process is running.



7.2.6 Connection via FireWire (IEEE 1394b)



General information



� Baud rate of 400 MBaud (approx. 50 MByte/s)



� Asynchronous (all nodes) or isochronous (in real time)



data transmission



� Data synchronization



� Supply voltage via FireWire connection cable (max.



1.5 A)
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10 V ... 30 V DC



1-NTX001 or 1-KAB271-3



1-KAB293-5



Adapter



PC: PCI or PCI express card



Notebook: PC CARD / ExpressCard3/4



X102



X104



Fig. 7.6 Single FireWire connection



Notice



Please check in advance whether a firmware or software



update is required. Software/firmware downloads can be



found on the HBM website: www.hbm.comdownloads



7.2.7 Setting up FireWire 1394b on the PC



� Integrate the FireWire PC adapter into your computer.



� Start the Wizard provided by HBM to install the



PCFireWire driver. The Wizard is part of the Quan



tumX system software package or catman.



But you can also install the Wizard manually from the





www.hbm.com/downloads
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directory. It is usually stored under C:\Pro



grams\HBM\FireWire\t1394bus_installwizard.exe.



Notice



For troubleshooting you can switch to the original



FireWire driver with ”t1394bus_installwizard.exe”. After



the driver is installed you will find it on your hard disk.



Notice



If no modules are found via FireWire this may be caused



by one of the following reasons:



� The modules have not been properly registered. Click



on the FireWire driver in the systray, check the driver



after the modules and reinstall it if necessary



(hbm1394.sys).



� Check all connections between modules.
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7.2.8 Multiple FireWire connection



1-Kab293-5



5 m connection cable



10 V ... 30 V DC



 (NTX001, etc.)



FireWire



connection



1-KAB272-02



0.2 m connection cable



10 V ... 30 V DC



 (NTX001, etc.)



1-KAB272-2/5



2 or 5 m connection cable



X101



X102



Fig. 7.7 Example of multiple connection via FireWire with



synchronization



Data is transferred, modules are synchronized in timing
and voltage is supplied via the FireWire connections. You



can connect a maximum of 12 modules in series with



each other.
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Notice



Different voltage sources must have the same reference



potential and should be within the same voltage range.



Drops in voltage will occur due to line resistances and



internal protective circuits. The last module of the chain



should therefore receive a considerably lower supply



voltage. 



Make certain that at least 10 V is still applied to the last



module.



7.2.9 Layout with data recorder CX22B‐W



FireWire connection



10 V ... 30 V DC (NTX001, etc.)



Connection via Ethernet cable or



wireless (WLAN)



CX22B-W



Fig. 7.8 Layout with CX22‐W
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7.2.10 Output measurement signals to CAN bus



(MX840B)



The MX840B amplifier allows channels 28 to output to



the CANbus (channel 1). This mode is configured entirely
in the MX Assistant.



Fig. 7.9 Output to CAN bus (MX840A, connection 1)



7.2.11 Output measurement signals to CAN bus



(MX471B)



The MX471B module allows measurement signals, or the
signals calculated in real time, to be output to the CAN



Bus. This gateway mode is typically used in test benches



or in mobile measuring mode, for connection to a central



CANbased data logger.



This mode is configured entirely in the MX Assistant soft



ware. The signals to be transmitted must be parameter



ized isochronously (in real time), and then assigned to



the relevant CAN port. The parameterization is perman



ently stored in the modules (EEPROM). To simplify integ
ration at the opposite end (e.g. logger/test bench), the



MX Assistant can generate a CAN database of signals



(*.dbc).
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MX471KAB272



KAB272



Fig. 7.10 Output to CAN bus (MX471, every connection)



7.2.12 Output of signals with standardized voltage



in real time (MX878B or MX879B)



It is very easy to integrate QuantumX via the globally



standardized interface of a normalized voltage (+/ 10 V),
particularly in a test bench environment. MX878B or



MX879B modules for distributed use serve this purpose.



These modules also allow onboard different input chan



nel calculations, such as matrix calculation for compens



ation of parasitic effects in multicomponent transducers,
ADDMUL, PID controls or limit value switches.



This mode is configured using the catman® or MX As
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sistant software. All the modules must be connected via
FireWire, and the signals to be transmitted (analog, di



gital rotary encoder or digital CAN Bus signals) must be



parameterized isochronously (realtime operation) and



then assigned to the relevant analog voltage output. The



parameterization is permanently stored in the modules



(EEPROM). The maximum measuring rate is limited to 5
kHz. The mapping of harmonic signals up to approx. 500



Hz is excellent. Maximum bandwidths and ultrashort



latency times are achieved with MX410B.



Any measurement module in the



FireWire group, also CAN Bus



MX471B.



KAB272



MX878/MX879



Fig. 7.11 Analog output in real time



7.2.13 Output signals in real time via EtherCAT® and



in parallel via Ethernet



Each source in a QuantumX system is distributed into
two signals, to which different data rate and filtering para



meters can be assigned.



For example, the first signal of an input channel with a
high data rate, e.g. acceleration sensor with 100 kS/sec
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measured values and deactivated filter for analysis while
the second signal with 5 kS/sec can be output via Ether



CAT®.



CX27



EtherCAT® master



KAB272



KAB272



Fig. 7.12 Output in real time via EtherCAT® and in parallel via



Ethernet



7.2.14 QuantumX in the FireWire group



The number of modules connected in series (daisy chain)



is limited to 12. If you want to connect more modules



(maximum 24), you must use hubs. Hubs are devices











Connecting individual QuantumX modules



QuantumX A3031-15.0  HBM: public 83



that connect network chains together in star configura
tions.



A hop is the transition from one module to another (this



means n-1 hops for n QuantumX modules in a chain).



Depending on the connection situation, 1 to 2 hops are



counted in one hub.



To count the total number of hops, the longest chain to



the data sink must be counted (worst case).



1 2 3



1 2 3 4



6 7 8 9 10 11
Hub



Displayed:



Total number of modules: 15



Total number of hops: 12
QuantumX module



Longest chain to data sink (max. 12)



Data sink



P3



P4



P3 = Port 3



12



5



Fig. 7.13 Example of a star topology with two chains and one



hub
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8 Modules and transducers



8.1 General information



8.1.1 Shielding design



Sources of interference can cause electromagnetic fields



which can induce interference voltages inductively or ca
pacitively via the connection cable and device housing in



the measurement circuit and therefore interfere with the



device function. It must be ensured that the devices used



in the system also do not transmit any electromagnetic



interference. Electromagnetic compatibility (EMC), which
encompasses both the required electromagnetic interfer



ence immunity (EMI) and the permissible electromag



netic interference emissions (EME), has become increas



ingly important over the years.



The HBM Greenline shielding design



The measuring chain is completely enclosed by a



Faraday cage by appropriate routing of the cable shield.



The cable shield is extensively connected with the trans



ducer housing and is routed via the conductive plug to
the amplifier housing. The effect of electromagnetic inter



ference is significantly reduced by these measures.
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The conductive housing



ensures the connection



to the plug or device



housing
Signal-carrying



contacts



The cable shield is connected with the



conductive housing via strain relief



Fig. 8.1 Routing of the cable shield on the plug 



Notice



All parts of the measurement chain (including all cable



connection points such as plugs and couplings) must be



surrounded by a closed EMC-proof shield. Shield junc



tions must represent a full contact, closed and low-im



pedance connection. This is the case for original HBM



plug connections.



Ground connection and grounding



As the signal ground and shielding are separated in
EMC-compliant cabling, the shielding can be connected



at more than one point to the ground, i.e. via the trans



ducer (metal housing) and the amplifier (housing is con



nected to the grounded conductor).
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If there are differences in potential in the measuring sys
tem, a potential compensating line must be laid (refer



ence value: highly flexible stranded wire, wire cross sec



tion 10mm2). Signal and data leads must be set up



physically separated from current-carrying power lines.



Ideally, cable ducts made of sheet metal with an internal



partition should be used. Signal ground, ground and
shielding must be laid out as separated as possible.



In order to minimize the effect of electromagnetic interfer



ence and differences in potential, the signal ground and
ground (or shielding) are designed to be physically separ



ate in the HBM devices. The grounded supply connector



or a separate ground potential lead should serve as the



ground connection, as is the case for potential compens



ation in buildings, for example. The ground cable should
not be connected to a radiator body, water pipe or similar



objects.



8.1.2 Active transducer connection



Some modules can supply active transducers with a sup



ply voltage of 524 V.



When using the adjustable transducer excitation, elec
trical isolation from the supply voltage of the amplifier is



not required.



The maximum permissible power consumption is



700 mW per channel, but no more than 2 W total. If the
power consumption is more than 700 mW on one chan



nel, the transducer excitation of this channel will switch



off. If the power consumption exceeds a total of 2 W, the



device may switch off.
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11



12



Hsg.



9



Supply voltage 5V … 24V1)



Power supply 0V



4



1) Adjustable via software



Cable shield



Sensor



Connection as per measurement



principle



Hsg. = Housing



CAUTION



Check the correct voltage setting when connecting a



sensor. Too high a voltage can destroy the sensor. The



sensor supply is switched off in condition at the time of



delivery.











Modules and transducers



88 A3031-15.0  HBM: public QuantumX



8.1.3 TEDS



TEDS stands for "Transducer Electronic Data Sheet" and
refers to the electronic data sheet of a transducer or



sensor that is stored in a small electronic chip or appro



priate module which is permanently connected to the



device.



In addition, valuable metadata such as calibration data is



provided, which gives important information for the trace



ability of measurements or tests. The electronic data



sheet can be located in the transducer housing, in the



inseparable cable or connector plug.



The function and working method of TEDS are defined in



Standard IEEE1451.4.



QuantumX MX840AData mode



Measurement mode



Transducer with TEDS module, for example



U93



Transducer information stored in the TEDS data



memory:



� the physical unit of the measured quantity (N for



force, for example) and its measuring range



� the unit of the electrical output signal (mV/V for bridge
transducers, for example)



� the linear characteristics as the relation between the



measured quantity and the electrical signal
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� if applicable, the requisite excitation and electrical
power supply of the transducer



Additional information, that could be read using appropri



ate software, for example:



� transducer manufacturer, type, serial number etc.



� calibration date, recalibration interval, calibrator's ini
tials, etc.



The amplifiers in the QuantumX series are capable of



reading the transducer information stored in the data
sheet and automatically converting it into amplifier set



tings to enable rapid and safe measurement operation.



The electronic data sheet is read automatically as soon
as the transducer is connected to the device. The elec



trical bridge between two pins in the plug serves as the



"transducer identification". The amplifier switches auto



matically to the configured measurement mode after the



digital identification mode.



TEDS data can also be read with a software command,



for example with catman®AP.



All TEDS data can be read and edited with the TEDS



Editor, see section 3.6.



QuantumX supports several options for reading and writ
ing TEDS data:



� It is possible to access a TEDS module via two separ



ate cable wires ("one‐wire circuit") or retrofit TEDS in



the transducer connector.



� Amplifiers with direct connection of IEPE transducers



support TEDS Version 1.0.



� A special TEDS module is integrated in some HBM



transducers. It can transmit TEDS data via the feed



back line of a sensor (patented "zero‐wire circuit").



The amplifier switches to the measurement mode
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after the digital communication (data mode). These
transducers include the force transducer U93 for ex



ample.



� Thermocouple amplifiers with RFID chips on the



transducer connector support the TEDS technology,
for example to automatically transmit the measuring



point or additional calibration data to the amplifier



after connection.



The data sheet of each amplifier includes further specific



ations with regards to TEDS, e.g. the maximum possible



cable length to the transducer. If TEDS is not used, the



possible cable length can be significantly longer.



Retrofitting TEDS in transducer connectors



The IEEE standard 1451.4 defines a generally acknow



ledged process with which sensors can be identified. The



sensor is identified by the respective data sheet which is



stored in electronic format in the sensor, cable or plug on
a 1-wire EEPROM (TEDS - Transducer Electronic Data



Sheet). The amplifier communicates with this EEPROM



via the serial 1-wire interface, reads the data sheet and



makes the corresponding amplifier settings.



The following figure shows the retrofitting of TEDS in a



plug. The bridge between Pin 4 and Pin 9 is used for plug



identification of the transducer. It starts automatic read



ing of the TEDS.



HBM recommends the TEDSmodule (1Wire® EEP



ROM) DS24B33 from Dallas Maxim. HBM offers a pack



age with 10 TEDS: order no. :1-TEDS-PAK
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2 Data



3 No function



1
6



1



4



9



Bridge



1 2 3
1-wire EEPROM



(DS24B33)



1



5



6



10



11



15



View from below



8.1.4 Background calibration / autoadjustment



Measurement channels with full/half bridge mode are



cyclically calibrated during the runtime following the start



of the module. This mechanism improves long-term sta



bility (aging) and also the short-term stability of an ampli



fier if there are temperature fluctuations at the site of the
measuring device.



Background calibration briefly interrupts measurement



and - in place of the measured values from the trans
ducer - sends signals from an internal calibration source



to the AD converter (zero and reference signal).
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Background calibration is available for the following
amplifiers: MX840B, MX440B, MX1615B, MX430B and



MX238B.



These amplifiers have a second measurement circuit in



the full/half bridge measurement mode, which measures
in parallel to the input circuit and implements a calibration



cycle in a 30 second rhythm. This ensures long-term and



short-term stability in the circuit. The accuracy of the cal



ibration channel is then transferred to the measurement



channel with a patented process.



These channels therefore demonstrate high stability with



respect to self-heating.



Background calibration can be parameterized with the



QuantumX Assistant or using catmanEASY®.



Background calibration is switched on the default set
tings. The cyclical calibration can be parameterized via



the QuantumX Assistants and via catmanEASY®.
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8.2 MX840/A/B universal amplifier



Important



There are three MX840 geerations:



MX840 : 2008 version



MX840A: 2011 version



MX840B: 2015 version



Extended function:



- IEPE transducers and strain gauge bridge with DC



supply



- Decimal rates (switchable)



- Ethernet‐based synchronization via IEEE1588:2008



(PTPv2)



- 40 kS/s sample rate per channel, 7.2 kHz band



width



The MX840B universal amplifier provides 8 channels.
Every channel supports over 15 different transducer



technologies. The pin assignment of the 15pin



DSUB15HD connector with the respective transducer



technology or function is identical for all amplifiers using



DSUB15HD. All measuring channels are electrically
isolated from one another and from the mains. When us



ing the adjustable transducer excitation, electrical isola



tion from the supply voltage of the amplifier is not re



quired.
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MX840B connectable transducers



Transducer type Connection sockets See page



SG full bridge 1 ... 8 134



SG quarter bridge via external ad



apter
1 ... 8 139



Inductive full bridge 1 ... 8 135



Inductive half bridge 1 ... 8 138



LVDT 1 ... 8 143



Electrical voltage 1 ... 8 146, 147



High-voltage via external adapter



(300 V CAT II)
1 ... 8 149



Electrical current 1 ... 8 150



Piezoresistive transducer 1 ... 8 136



Current-fed piezoelectric transducer



(IEPE, ICP®) via an external ad



apter



1 ... 8 144



Potentiometer 1 ... 8 142
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See pageConnection socketsTransducer type



Resistance thermometer PT100,



PT1000
1 ... 8 153



Thermocouple 1 ... 8 154



Incremental encoder 5 ... 8 from 157



SSI protocol 5 ... 8 163



Torque/speed (HBM torque trans



ducer)
5 ... 8 158, 166



Frequency measurement, pulse



counting
5 ... 8 from 157



CAN bus 1 169



8.2.1 MX840B pin assignment



So that insertion or removal of a transducer connection



can be unmistakably identified and, with TEDS, the chan



nel is automatically parameterized, Pin 4 and Pin 9 in the



connector plug must be bridged! If this bridge is missing,
no measurement values will be recorded at the connec



tion!
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1



4



5



11



15



Bridge



Fig. 8.2 Pin arrangement of connector plug, view from the



solder side



Pin Connector



1 TEDS (+)



2 Bridge excitation voltage (-), 0-reference pulse (zeroing pulse) (-)



3 Bridge excitation voltage (+), 0-reference pulse (zeroing pulse) (+)



4 Always connect with Pin 9! (Plug-in detection)



5 Measurement signal (+), potentiometer measurement signal (+), 



voltage input 100 mV (+), f1(-) signal differential, SSI data (-)



6 TEDS (-), ground frequency measurement



7 Sense lead (-), f2(-) signal differential, CAN-High, SSI clock (-)



8 Sense lead (+), f2(+) signal differential, CAN-Low, SSI clock (+)



9 Signal ground



10 Measurement signal (-), f1(+) signal differential, SSI data (+)



11 Active sensor supply 5 ... 24 V (0 V)



12 Active sensor supply 5 ... 24 V (+)



13 Current input �30 mA (+)



14 Voltage input 10 V (+), 60 V (+)



15 Digital output
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8.2.2 MX840B status display



The front panel of the universal amplifier has a system
LED and 8 connection LEDs. The system LED indicates



the status of the device, the connection LEDs the states



of the individual connections.



Connection LED



System



LED



Fig. 8.3 MX840B front view



System LED



Green Error-free operation



Orange System is not ready, boot procedure running



Flashing orange Download active, system is not ready



Red Error



Connection LEDs



All LEDs are orange Boot procedure running (system is not ready)



All LEDs are flashing



orange



Firmware download active (system is not ready)



Orange Connection newly assigned, transducer identification running



(calibration)



Green Error-free operation



Flashing green (5s),



then green



TEDS data being read in
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Flashing orange (5 s),



then green



Manual configuration ongoing (ignore TEDS)



Red No sensor connected



Channel error (incorrectly parameterized, connection error,



invalid TEDS data)



CAN LEDs



Green CAN bus activated, CAN data can be received



Orange CAN bus in "WARNING" state, CAN data received but bus is



subject to occasional disruptions; buffer overflow, some data



items lost



Red CAN bus in "ERROR" or "BUS-OFF" state, CAN data cannot



be received or processed



General rule: Brief flashing  TEDS identified (green: is used,



orange: is not used).



8.3 MX440B universal amplifier



You can connect up to four transducers to the universal



amplifier MX440B. The transducers are connected via



15-pin D-SUB-15HD device connectors. All measuring



channels are electrically isolated from one another and



from the power supply.



Connectable transducer types and the status display are



identical with the universal amplifier MX840A (without



CAN) (see page 97).
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Connection LED



System 



LED



Fig. 8.4 MX440B front view



System LED



Green Error-free operation



Orange System is not ready, boot procedure running



Flashing orange Download active, system is not ready



Red Error



Connection LEDs



All LEDs are orange Boot procedure running (system is not ready)



All LEDs are flashing orange Firmware download active (system is not ready)



Orange Connection newly assigned, transducer identification



running (calibration)



Green Error-free operation



Flashing green (5s), then



green



TEDS data being read in



Flashing orange (5 s), then



green



Manual configuration ongoing (ignore TEDS)



Red No sensor connected



Channel error (incorrectly parameterized, connection



error, invalid TEDS data)



General rule: Brief flashing  TEDS identified (green: is used,



orange: is not used).
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8.4 MX410B highly dynamic universal



amplifier



You can connect up to four transducers to the highly dy



namic universal amplifier MX410B. The transducers are



connected via 15-pin D-SUB-15HD device connectors.



You will need BNC adapters (accessory 1-IEPEMX410)



to connect the IEPE transducers.



All measuring channels are electrically isolated from one



another and from the power supply. When using the ad



justable transducer excitation, electrical isolation from the



supply voltage of the amplifier is not required.



MX410B connectable transducers



Transducer type Connection sockets See page



SG full bridge 1 ... 4 134



SG half bridge 1 ... 4 137



SG quarter bridge via adapter 1 ... 4 139



Inductive full bridge 1 ... 4 135



Inductive half bridge 1 ... 4 138



Electrical voltage 1 ... 4 146, 147
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See pageConnection socketsTransducer type



High-voltage via adapter (300 V



CAT II)
1 ... 4 149



Electrical current 1 ... 4 150



Current-fed piezoelectric trans



ducer (IEPE, ICP®)
1 ... 4 144



Piezoresistive transducer 1 ... 4 136



8.4.1 MX410B pin assignment



So that insertion or removal of a transducer connection



can be unmistakably identified, Pin 4 and Pin 9 in the
connector plug must be bridged! If this bridge is missing,



no measurement values will be recorded at the connec



tion!



1



4



5



11



15



Bridge



Fig. 8.5 Pin arrangement of connector plug, view from the



solder side
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Pin Connector



1 TEDS (+)



2 Bridge excitation voltage (-)



3 Bridge excitation voltage (+)



4 Always connect with Pin 9! (Plug-in detection)



5 Measurement signal (+)



6 TEDS (-)



7 Sense lead (-)



8 Sense lead (+)



9 Signal ground



10 Measurement signal (-)



11 Active sensor supply (-)



12 Active sensor supply (+)



13 Current input �30 mA (+)



14 Voltage input 10 V, IEPE (+)



15 Digital output, for external charge amplifier, etc., 5 V/max. 10 mA



The analog output can be tapped via BNC. For configura
tion instructions see section 10 "Functions and outputs".
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8.4.2 MX410B status display



Connection LED



Analog output LED



System 



LED



Fig. 8.6 MX410B front view



System LED



Green Error-free operation



Orange System is not ready, boot procedure running



Flashing orange Download active, system is not ready



Red Error



Connection LEDs



All LEDs are orange Boot procedure running (system is not ready)



All LEDs are flashing



orange



Firmware download active (system is not ready)



Orange Connection newly assigned, transducer identification running



(calibration)



Green Error-free operation



Flashing green (5s),



then green



TEDS data being read in



Flashing orange (5 s),



then green



Manual configuration ongoing (ignore TEDS)
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Red No sensor connected



Channel error (incorrectly parameterized, connection error,



invalid TEDS data)



Red Sensor supply overload



Analog output LEDs



Green Error-free operation



Orange System is not ready, boot procedure running



Red



Orange



Red



Overcurrent at the analog output



Input signal overflow



Overflow due to invalid scaling of the analog outputs



General rule: Brief flashing  TEDS identified (green: is used,



orange: is not used).



8.5 MX430B Strain gage fullbridge



measuring amplifier



You can connect up to four transducers to the universal



amplifier MX430B. The transducers are connected via



15-pin D-SUB-15HD device connectors. All measuring



channels are electrically isolated from one another and
from the power supply.



MX430B connectable transducers



Transducer type Connection sockets See page



SG full bridge 1 ... 4 134
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8.5.1 MX430B pin assignment



So that insertion or removal of a transducer connection
can be unmistakably identified, Pin 4 and Pin 9 in the



connector plug must be bridged! If this bridge is missing,



no measurement values will be recorded at the connec



tion!



1



4



5



11



15



Bridge



Fig. 8.7 Pin arrangement of connector plug, view from the



solder side



Pin Connector



1 TEDS (+)



2 Bridge excitation voltage (-)



3 Bridge excitation voltage (+)



4 Always connect with Pin 9! (Plug-in detection)



5 Measurement signal (+)



6 TEDS (-)



7 Sense lead (-)



8 Sense lead (+)



9 Signal ground



10 Measurement signal (-)



11 Active sensor supply 5 ... 24 V , (-)
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ConnectorPin



12 Active sensor supply 5 ... 24 V (+)



13 Free



14 Free



15 Digital output



8.5.2 MX430B status display



Connection LED



System



LED



Fig. 8.8 MX430B front view



System LED



Green Error-free operation



Orange System is not ready, boot procedure running



Flashing orange Download active, system is not ready



Red Error



Connection LEDs



All LEDs are orange Boot procedure running (system is not ready)



All LEDs are flashing



orange



Firmware download active (system is not ready)
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Orange Connection newly assigned, transducer identification running



(calibration)



Green Error-free operation



Flashing green (5s),



then green



TEDS data being read in



Flashing orange (5 s),



then green



Manual configuration ongoing (ignore TEDS)



Red No sensor connected



Channel error (incorrectly parameterized, connection error,



invalid TEDS data)



CAN LEDs



Green CAN bus activated, CAN data can be received



Orange CAN bus in "WARNING" state, CAN data received but bus is



subject to occasional disruptions; buffer overflow, some data



items lost



Red CAN bus in "ERROR" or "BUS-OFF" state, CAN data cannot



be received or processed



General rule: Brief flashing  TEDS identified (green: is used,



orange: is not used).



8.6 MX238B Strain gage fullbridge



measuring amplifier



You can connect up to four transducers to the universal



amplifier MX238B. The transducers are connected via



15-pin D-SUB-15HD device connectors. All measuring



channels are electrically isolated from one another and
from the power supply.
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MX238B connectable transducers



Transducer type Connection sockets See page



SG full bridge 1 ... 4 134



8.6.1 MX238B pin assignment



So that insertion or removal of a transducer connection



can be unmistakably identified, Pin 4 and Pin 9 in the



connector plug must be bridged! If this bridge is missing,



no measurement values will be recorded at the connec



tion!



1



4



5



11



15



Bridge



Fig. 8.9 Pin arrangement of connector plug, view from the



solder side



Pin Connector



1 TEDS (+)



2 Bridge excitation voltage (-)



3 Bridge excitation voltage (+)



4 Always connect with Pin 9! (Plug-in detection)



5 Measurement signal (+)
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ConnectorPin



6 TEDS (-)



7 Sense lead (-)



8 Sense lead (+)



9 Signal ground



10 Measurement signal (-)



11 Active sensor supply 5 ... 24 V , (-)



12 Active sensor supply 5 ... 24 V (+)



13 Free



14 Free



15 Digital output



8.6.2 MX238B status display



Connection LED



System LED



Fig. 8.10 MX238B front view



System LED



Green Error-free operation



Orange System is not ready, boot procedure running
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Flashing orange Download active, system is not ready



Red Error



Connection LEDs



All LEDs are orange Boot procedure running (system is not ready)



All LEDs are flashing



orange



Firmware download active (system is not ready)



Orange Connection newly assigned, transducer identification running



(calibration)



Green Error-free operation



Flashing green (5s),



then green



TEDS data being read in



Flashing orange (5 s),



then green



Manual configuration ongoing (ignore TEDS)



Red No sensor connected



Channel error (incorrectly parameterized, connection error,



invalid TEDS data)



CAN LEDs



Green CAN bus activated, CAN data can be received



Orange CAN bus in "WARNING" state, CAN data received but bus is



subject to occasional disruptions; buffer overflow, some data



items lost



Red CAN bus in "ERROR" or "BUS-OFF" state, CAN data cannot



be received or processed



General rule: Brief flashing  TEDS identified (green: is used,



orange: is not used).



8.7 MX460B frequency amplifier



You can connect up to four transducers to the frequency



measuring amplifier MX460B. The transducers are con



nected via 15-pin D-SUB-15HD device connectors. All
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measuring channels are electrically isolated from one
another and from the power supply. When using the ad



justable transducer excitation, electrical isolation from the



supply voltage of the amplifier is not required.



MX460B connectable transducers



Transducer type Connection sockets See page



Torque/speed (HBM torque



transducer)
1 ... 4 158, 166



Frequency measurement, pulse



counting
1 ... 4 from 157



Pulse width, pulse duration,



period duration (PWM)
1 ... 4 168



Passive inductive encoder 1 ... 4 165



Incremental encoder 1 ... 4 from 157



8.7.1 MX460B pin assignment



So that insertion or removal of a transducer connection
can be unmistakably identified, Pin 4 and Pin 9 in the



connector plug must be bridged! If this bridge is missing,



no measurement values will be recorded at the connec



tion!
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1



4



5



11



15



Bridge



Fig. 8.11 Pin arrangement of connector plug, view from the



solder side



Pin Connector



1 TEDS (+)



2 Reference pulse 0 (zeroing pulse) (-)



3 Reference pulse 0 (zeroing pulse) (+)



4 Always connect with Pin 9! (Plug-in detection)



5 Frequency input f1 (-)



6 TEDS (-), signal ground



7 Frequency input f2 (-)



8 Frequency input f2 (+)



9 Reference voltage Vref (2.5 V)



10 Frequency input f1 (+)



11 Active sensor supply 5 ... 24 V (-)



12 Active sensor supply 5 ... 24 V (+)



13 Not in use



14 f1 AC+ (for passive inductive transducers)



15 Digital output, for example to activate a calibration signal for T10F(S) and



T40, 5 V/max. 10 mA
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8.7.2 MX460B status display



Connection LED



System LED



Fig. 8.12 MX460B front view



System LED



Green Error-free operation



Orange System is not ready, boot procedure running



Flashing orange Download active, system is not ready



Red Error



Connection LEDs



All LEDs are orange Boot procedure running (system is not ready)



All LEDs are flashing orange Firmware download active (system is not ready)



Orange Connection newly assigned, transducer identification



running (calibration)



Green Error-free operation



Flashing green (5s), then



green



TEDS data being read in



Flashing orange (5 s), then



green



Manual configuration ongoing (ignore TEDS)



Red No sensor connected



Channel error (incorrectly parameterized, connection



error, invalid TEDS data)
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General rule: Brief flashing  TEDS identified (green: is used,



orange: is not used).



8.8 MX1609KB and MX1609TB



thermocouple amplifier



Up to 16 type K thermocouples (NiCr-NiAl) can be con



nected to the module MX1609/KB for measuring temper



atures.



Up to 16 type T thermocouples (Cu-CuNi) can be con



nected to the module MX1609T/TB for measuring tem



peratures.



Connectable to MX1609 transducers



Transducer type Connection sockets See page



Thermocouple type K, type T 1 ... 16 154
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MX1609



+



-



Thermocouple



-



+



-



+



Type Thermocouple material 1 (+) Thermocouple material 2 (�)



K Nickel-chrome (color code green) Nickel-aluminum (color code white)



T Copper (color code brown) Copper-nickel (color code white)



Connection of the thermocouple plug in the miniature



design.
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Standard miniature thermo
couple plug or 
1THERMOMINI from HBM
with integrated RFID chip



8.8.1 Thermocouple with TEDS functionality (RFID)



Measuring point identification



An RFID31) chip in or on the thermocouple plug ensures



wireless transducer identification through the amplifier.
RFID technology enables contactless reading and writing



of data such as the precise measuring point or the re



quired physical unit (5C or K). Data is entered with the



TEDS Editor provided by HBM. It is then written to the



RFID chip via a corresponding RFID transponder in the
amplifier.



The chip is reusable and works without batteries.



Rescaling



All modules MX1609/KB/TB has a rescaling function. Er



rors from thermocouples or installation situations can be



minimized using a table that converts values from degree
oC to degree oC.



The MX1609/KB/TB can process maximum 64 value



pairs. 14 value pairs can be stored in the TEDS template



3) RFID = Radio Frequency Identification: Method for communication between transponder and



read/write device with magnetic fields or electromagnetic waves.
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"Calibration Table" if no additional optional templates are
used.



This function delivers the best results when the ambient



temperature of the MX1609/KB/TB, and therefore the



temperature of the cold junction, is kept constant.



Conditions for using RFID chips for measuring point



identification:



� All channels can read/write via RFID



� The neighboring channel must not be occupied in the



MX1609/KB/TB during writing



� Maximum distance chip to housing: 1 mm



� For self-assembly: Check position of chip on plug



Thermocouple plug with integrated RFID chip from



HBM



RFID chip



The chip for measuring point identification is already in
tegrated in the HBM THERMO-MINI.
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8.8.2 MX1609 status display



Connection LED System



LED



Fig. 8.13 MX1609KB front view



System LED



Green Error-free operation



Orange System is not ready, boot procedure running



Flashing orange Download active, system is not ready



Red Error



Connection LEDs



All LEDs are orange Boot procedure running (system is not ready)



All LEDs are flashing or



ange



Firmware download active (system is not ready)



Orange Connection newly assigned, transducer identification run



ning (calibration)



Green Error-free operation ("Ignore TEDS" or "if available" set, 



channel is manually configured)



Flashing green (5s), then



green



Error-free operation ("Use TEDS" or "if available" set 



and TEDS data valid)
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Red No sensor connected



Channel error (incorrectly parameterized, connection er



ror, invalid TEDS data)



Red Sensor supply overload



General rule:  Brief flashing  TEDS identified (green: is used,



orange: is not used).



8.9 MX471B CAN module



8.9.1 General information



The MX471B module provides four independent CAN
bus nodes that are all electrically isolated from each



other and power supply.



Connectable MX471B buses



Type
Connector sockets /



nodes



See



page



CAN bus (high‐speed CAN) 1 ... 4 169



Connected devices are not directly addressed during



data transmission on a CAN bus. A unique identifier de



notes the contents of a message (e.g. rotational speed or



engine temperature).



The identifier also signifies the priority of the message.



Message = identifier + signal + additional information



Device connected to the bus = node
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Each node on the MX471 can be parameterized either as
a receiver or as transmitter (gateway). Parameterization



as receiver is described in section  8.9.4. Parameteriza



tion as transmitter is described in section  9. The online



help that comes with the respective software package



provides detailed information about parameterization.



Notice



To ensure normal operation, the CAN bus needs to be



terminated at both ends, and only there, using appropri



ate termination resistors.



A 120-ohm termination resistor can be individually con



nected in the module by software. Termination is also



required when short cables with low bit rates are used.



Please refer to the data sheet for the relation between bit



rate and maximum bus line length.



The configuration of a node is retained after switching the



modules off and on.



For decoding signals at a rate greater than 2000/s,



please set up signal inputs 1 to 8 on the MX471. The sig



nal buffers of these signal inputs have been expanded



accordingly.
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8.9.2 MX471B pin assignment



1



5



6



9



Fig. 8.14 Pin arrangement of connector plug, view from the



solder side



Pin Connector



1 No function



2 CAN Low



3 GND



4 No function



5 CAN Shield



6 GND



7 CAN High



8 No function



9 No function
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8.9.3 LEDs status display



System LED
CAN LEDs “BUS”



CAN LEDs “Channel”



Fig. 8.15 MX471B front view



System LED



Green Error-free operation



Yellow System is not ready, boot procedure running



Flashing yellow Download active, system is not ready



Red Error, faulty synchronization



CAN-LEDs (BUS)



Green flickering Bus is error-free and activity on CAN



Constant green Bus is error-free and no activity on CAN



Yellow flickering Intermittent bus errors (warning) and activity on CAN



Constant yellow Intermittent bus errors (warning) and no activity on CAN



Red on Bus error, CAN interface in "Bus-OFF" status
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CAN LEDs (channel)



Constant green Channel is ready for operation



Flashing yellow Firmware1 download active



Yellow on Boot process running



Red on Channel has errors



Ethernet LED



Green on Ethernet link status is OK



Flashing yellow Ethernet data transmission ongoing



8.9.4 Receiving CAN messages



To be able to receive CAN messages, the node must be



able to identify the relevant messages. This can be done



directly on the node or, in a reproducible way, by previ



ously generated messages in the sensor database. Indi



vidual messages can be linked to the node by dragging



from the sensor database and dropping them where re
quired.



CAN databases type *.dbc can also be read into the



sensor database. If no CAN database is available, it can
also be created. Editors for this purpose are provided by



different companies.



Received CAN messages are instantly "time-stamped" in
measurement mode. This enables directly acquired



measured quantities and CAN messages to be acquired



and analyzed in parallel and synchronously in the entire



system.
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8.10 MX1601B amplifier



You connect up to 16 freely configurable inputs for
voltage (10 V, 100mV) or current (20mA) or current-fed



piezoelectric sensors (IEPE) to the MX1601B.



The transducers are connected via 8-pin plug terminal



connectors (Phoenix Contact FMC 1.5/8-ST-3.5-RF (or
der no. 1952089)).



All measuring channels are electrically isolated from one



another and from the power supply. When using the ad
justable transducer excitation, electrical isolation from the



supply voltage of the amplifier is not required.



MX1601B connectable transducers



Transducer type Connection sockets See page



Electrical voltage 1 ... 16 146, 147



Electrical current 1 ... 16 150



Current-fed piezoelectric transducer



(IEPE, ICP®) via an external ad



apter



1 ... 16 144



8.10.1 MX1601B pin assignment



So that insertion or removal of a transducer connection



can be unmistakably identified, Pin 2 and Pin 5 in the



connector plug must be bridged! If this bridge is missing,



no measurement values will be recorded at the connec



tion!
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1



2



3



4



5



6



7



8



1 2 3



1‐wire EEPROM 



(Maxim DS24B33+)



view from below



1



2 Data



3 No function



Bridge



Fig. 8.16 Pin arrangement of connection plug, view from the



connection side



Pin Connector



1 Voltage output 10 V (+), 100 mV (+), IEPE (+)



2 Signal ground, TEDS (-)



3 Current input 20 mA (+)



4 TEDS (+)



5 Always connect with Pin 2! (Plug-in detection)



6 Active sensor supply (+)



7 Active sensor supply (-)



8 Housing (shield connection)
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Notice



The transducer excitation voltage can be set in the range



of 5 ... 24 V (as described in 6.1.2)  is only available on



channels 1 ... 8. 



On channels 9 ... 16 the supply voltage (10 ... 30 V) from



the module (e.g. 24 V) is output less approx. 1 V. 



A current of max. 30 mA can be consumed for these



channels. The current limitation switches the transducer



excitation off if current consumption is higher.



8.10.2 MX1601B status display



The front panel of the universal amplifier has a system



LED and 16 connection LEDs. The system LED indicates



the status of the device, the connection LEDs the states
of the individual connections.



System



LED



Connection LED



Connection LED



Fig. 8.17 MX1601B front view
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System LED



Green Error-free operation



Orange System is not ready, boot procedure running



Flashing orange Download active, system is not ready



Red Error



Connection LEDs



All LEDs are orange Boot procedure running (system is not ready)



All LEDs are flashing



orange



Firmware download active (system is not ready)



Orange Connection newly assigned, transducer identification running



(calibration)



Green Error-free operation



Flashing green (5s),



then green



TEDS data being read in



Flashing orange (5 s),



then green



Manual configuration ongoing (ignore TEDS)



Red Amplifier overload, no sensor connected



Channel error (incorrectly parameterized, connection error,



invalid TEDS data)



Flashing red Sensor supply overload



General rule: Brief flashing  TEDS identified (green: is used,



orange: is not used).
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8.11 MX1615B amplifier



Up to 16 freely configurable inputs can be connected to
the MX1615B amplifier.



It supports:



Strain gauges (SG) or SG-based transducers in



� Full bridge circuit (six-wire configuration)



� Half bridge circuit (five-wire configuration)



� Quarter bridge circuit (two, three or four wires for
120 ohms or 350 ohms)



Standardized voltage (�10 V differential or



0 . . . 30 V DC unipolar)



Resistor-based measurement (PT100 or resistor, imple



mented in a quarter bridge arm)



Bridge excitation voltage: 



Constant DC voltage or 1200 Hz (AC) square wave car



rier frequency with an amplitude of 0.5 V; 1 V, 2.5 V or 5



V



When TEDS or T−ID is used, the measurement channel



is automatically parameterized after connection.



Extended functionality for MX1615B :



� Potentiometer



When TEDS or TID is used, the measurement channel
is automatically parameterized after connection.
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MX1615B connectable transducers



Transducer type Connection sockets See page



SG full bridge 1 … 16 134



SG half bridge 1 ... 16 137



SG quarter bridge 1 ... 16 137



Electrical voltage 1 ... 16 146, 147



Resistance thermometer Pt100 1 ... 16 153



Ohmic resistor 1 ... 16 152



Potentiometer (only MX1615B) 1 ... 16 142



The transducers are connected via 8-pin plug terminal



connectors
(Phoenix Contact FMC 1.5/8-ST-3.5-RFBKBD1-8Q).



The measurement channels are only electrically isolated



from the power supply of the MX1615, not from each



other.
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Important



MX1615B uses the "Mini Combicon AU“ socket/plug type



from Phoenix with gold pins for sensor connection, 



instead of "Mini Combicon“ as used with MX1615.



It is essential to make sure that the right connector is



used: 



MX1615B > 1CONS1015; MX1615 > 1CONS1005.



8.11.1 MX1615B pin assignment



So that insertion or removal of a transducer connection



can be unmistakably identified, Pin 4 and Pin 5 in the
connector plug must be bridged! This is automatically so



for all bridge transducers. The bridge only needs to be



completed for voltage measurements. If this bridge is



missing, no measurement values will be recorded at the



connection!
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1



2



3



4



5



6



7



8



1 2 3



1‐wire EEPROM 



(Maxim DS24B33+)



view from below



Bridge



1



2 Data



3 No function



Fig. 8.18 Pin arrangement of connection plug, view from the



connection side



Pin Connector



1 TEDS (+)



2 Bridge excitation voltage (+)



3 Sense lead (+)



4 Bridge excitation voltage (-), (TEDS) (-)



5 Sense lead (-)



6 Measurement signal (+), voltage input 10 V / 30 V (+)



7 Measurement signal (-), voltage input 0 V / 10 V (-), bridge excitation



voltage (+) for quarter bridges



8 Housing (shield connection)
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8.11.2 MX1615B status display



The front panel of the universal amplifier has a system
LED and 16 connection LEDs. The system LED indicates



the status of the device, the connection LEDs the states



of the individual connections.



System



LED



Connection LED



Connection LED



Fig. 8.19 MX1615B front view



System LED



Green Error-free operation



Orange System is not ready, boot procedure running



Flashing orange Download active, system is not ready



Red Error



Connection LEDs



All LEDs are orange Boot procedure running (system is not ready)



All LEDs are flashing orange Firmware download active (system is not ready)



Orange Connection newly assigned, transducer identification



running (calibration)



Green Error-free operation
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Flashing green (5s), then



green



TEDS data being read in



Flashing orange (5 s), then



green



Manual configuration ongoing (ignore TEDS)



Red Amplifier overload, no sensor connected



Channel error (incorrectly parameterized, connection



error, invalid TEDS data)



Flashing red Sensor supply overload



General rule: Brief flashing  TEDS identified (green: is used,



orange: is not used).
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9 Transducer connection



9.1 Full bridge, SG



Supported by the following modules: MX840B, MX440A,
MX410B, MX430B, MX238B, MX1615B/MX1616B



8



7



4



9



wh



bk



r
d



b
u



gn



gy



ye1



2



4



3



Measurement signal (+)



Excitation (+)



Sense lead (-)



Sense lead (+)



Excitation (-)



Measurement signal (-)



Cable shield



10
Hsg.



2



3



5



Cable color code: wh= white; bk= black; bu= blue; rd= red; ye = yellow; gn= green; gy= gray



Hsg. = Housing



1



5



6



10



11



15



6



1



1 2 3
1-wire EEPROM (optional)



view from below



2 Data



3 No function



1



6
4



2



7



8
3



5



1



MX1615B/MX1616B



1



8



Push in
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9.2 Full bridge, inductive



Supported by the following modules: MX840B, MX440B,
MX410B



8



7



4



9



wh



bk



rd



bu



gn



gy



ye1



2



4



3



Measurement signal (+)



Excitation (+)



Sense lead (-)



Sense lead (+)



Excitation (-)



Measurement signal (-)



Cable shield



10
Hsg.



2



3



5



Cable color code: wh= white; bk= black; bu= blue; rd= red; ye = yellow; gn= green; gy= gray



Hsg. = Housing



1



5



6



10



11



15



6



1



1 2 3



1-wire EEPROM (optional)



view from below



2 Data



3 No function



1
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9.3 Full bridge, piezoresistive



Supported by the following modules: MX840B, MX440B,
MX410B, MX1615B



5



8



10



7



1



2



4



3



Measurement signal (+)



Excitation (+)



Sense lead (-)



Sense lead (+)



Excitation (-)



Measurement signal (-)



Cable shield



2



3



Hsg.



4



9



Hsg. = Housing



6



1



1 2 3



1



5



6



10



11



15



2 Data



3 No function



1



1-wire EEPROM (optional)



view from below



6
4



2



7



8
3



5



1



MX1615B



1



8



Push in











Transducer connection



QuantumX A3031-15.0  HBM: public 137



9.4 Half bridge, SG



Supported by the following modules: MX840B, MX440B,
MX410B, MX1615B



8
7



4



9



Hsg.



2
3



5



Cable color code: wh= white; bk= black; bu= blue; rd= red; ye= yellow; gn= green; gy= gray



wh



bk



bu



gn



gy



ye



Measurement signal (+)



Excitation (+)



Sense lead (-)



Sense lead (+)



Excitation (-)



Cable shield



Hsg. = Housing



1



5



6



10



11



15



6



1



1 2 3
2 Data



3 No function



1



1-wire EEPROM (optional)



view from below



6
4



2



7



8
3



5



1



MX1615B



1



8



Push in











Transducer connection



138 A3031-15.0  HBM: public QuantumX



9.5 Half bridge, inductive



Supported by the following modules: MX840B, MX440B,
MX410B



8



7



4



9



Hsg.



2
3



5



Cable color code: wh= white; bk= black; bu= blue; rd= red; ye = yellow; gn= green; gy= gray



wh



bk



bu



gn



gy



ye



Measurement signal (+)



Excitation (+)



Sense lead (-)



Sense lead (+)



Excitation (-)



Cable shield



Hsg. = Housing



6



1



1 2 3



1



5



6



10



11



15



2 Data



3 No function



1



1-wire EEPROM (optional)



view from below
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9.6 Quarter bridge, SG



Amplifier with direct support of SG quarter bridges:
MX1615B/MX1616B.



Quarter bridges can be connected via an adapter to:



MX840B, MX440B, MX430B and MX410B. For connect



ing individual SGs to this adapter see the following page.



Hsg. = Housing



2 Data



3 No function



1



4



7



1



1 2 3



1-wire EEPROM (optional)



view from below



Four-wire circuitThree-wire connection



8Cable shield



5



6



SG



SG



bk



gy



gn



ye



bu



MX1615B/MX1616B



1



8



Push in



Cable color code: 



wh= white; 



bk= black; 



bu= blue; rd= red; 



ye = yellow; 
gn= green;  



gy= gray



Complementary quarter bridge:



MX1615B: 120 and 350 Ohm



MX1616B: 350 and 1000 Ohm
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9.7 Adapter quarter bridge, SG



For connecting single quarter-bridge strain gauges in
three-wire configuration, an adapter can be plugged onto



the following modules:



MX840B, MX440B, MX430B, MX238B, MX410B



Available adapters



SG with 120 ohms: order number: SCM-SG120



Variations:SCM-SG350, SG700, SG1000



2 1 1’



SG 120 / 350



2 1'1



Solder pads



For technical details see the leaflet entitled QuantumX /
SCM-SG120/350/700/1000.
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9.8 Connecting transducers with double



shield technique



5



8



10



7



Measurement signal (+)



Excitation (+)



Sense lead (-)



Sense lead (+)



Excitation (-)



Measurement signal (-)



Cable shield



2



3



Hsg.



4



9



1



2



4



3



RB / 2 (to transducer)



Hsg. = Housing



1



5



6



10



11



15



For amplifiers MX840B, MX440A and MX410B, we re



commend this connection technique for very small meas



urement ranges, particularly in environments subject to



interference and when using long cables.



This applies for all bridge connections.



With cable lengths >50 m, a resistor with half the value of
the bridge resistance (RB/2) must be connected in each



sense lead of the transducer.
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9.9 Potentiometric transducers



Supported by the following modules: MX840B, MX440A,
MX1615B



2



5



Cable shield



7



Hsg.



4



9



6



1



1 2 3



1



5



6



10



11



15



2 Data



3 No function



1



8
3



4
5



6



8



3
2



1



MX1615B



1



8



Push in



Measurement signal (+)



1-wire EEPROM (optional)



(view from below)
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9.10 LVDT transducers



Supported by the following modules: MX840B, MX440A



8



7



4



9



Hsg.



2



10



5Measurement signal (+)



Sense lead (-)



Sense lead (+)



Excitation (-)



Cable shield



Measurement signal (-)



LVDT transducers



Excitation (+) 3



Hsg. = Housing



6



1



1 2 3



1



5



6



10



11



15



2 Data



3 No function



1



1-wire EEPROM (optional)



view from below
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9.11 Current-fed piezoelectric transducer 



(ICP/IEPE)



Current-fed piezoelectric transducers are supplied with a



constant current of e.g. 4 mA. They return a voltage sig



nal to the amplifier. This type of transducer is also called



an IEPE or ICP transducer.



IEPE is short for "Integrated Electronics Piezo Electric"



) is a registered trademark of "PCB Piezotronics".



Supported by the following modules:



MX410B, MX1601B
MX840B, MX440B



An adapter on SubHD15 (1SUBHD15BNC) is available



for connecting IEPE transducers with a BNC connector.
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14



Hsg.



9(-)



(+)



4



Cable shield



IEPE



BNC adapter option 



(1-SUBHD15-BNC)



Hsg. = Housing



1



5



6



10



11



15



MX1601B



5
2



1



8



1



8



Push in



Notice



IEPE transducers with TEDS version 1.0 are supported.
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9.12 Electrical voltage 100 mV



Supported by the following modules: MX840B, MX440B,
MX1601B



Pin assignment for module MX1601 see section 8.10.1



10



4



Hsg.



5



9



(+)



(-)



Cable shield



U



Maximum input voltage to housing and



supply ground:



Hsg. = Housing



6



1



1 2 31-wire EEPROM (optional)



view from below



1



5



6



10



11



15



2 Data



3 No function



1



Adjustable sensor supply: 5 V … 24 V: Pin 12 Pin 6



0 V: Pin 11 Pin 7



1



2



4



5



8



MX1601B



MX840B, MX440B: �60 V



MX1601B: �40 V



1



8



Push in
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9.13 DC voltage sources 10 V



The following amplifiers support a measuring range of 



�10 V: MX410B, MX840B, MX440B, MX1601B



Pin assignments for MX1601B see section 8.10.1



Pin assignment for module MX1615B see section 8.11.1



9



4



Hsg.



14



(-)



(+)
U



Cable shield



Hsg. = Housing



6



1



1 2 3



1-wire EEPROM (optional)



view from below



1



5



6



10



11



15



2 Data



3 No function



1



MX1615B



6
4



5



7



8



1



1
5



2



8



4



MX1601B
Maximum input voltage to housing and



supply ground:



MX840B, MX440B, MX1601B: �60 V



MX1615B: �15 V



MX1601: �15 V



Sensor supply: 5 V … 24 V:



             0 V:



Pin 12



Pin 11



Pin 6



Pin 7



1



8



Push in



1



8



Push in



MX1601B: Only channels 1-8 offer an individual sensor



supply of 5-24 V 



Channels 9-16 can be activated with a fixed sensor sup



ply (-1 V module supply voltage).
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An amplifier that supports the measuring range of �10 V
can also be parameterized via the software.



9.14 DC voltage sources 60 V



The following amplifiers support a measuring range of 



�60 V: MX840B, MX440B, MX1601B



Pin assignments for MX1601B see section 8.10.1



9



4



Hsg.



14



(-)



(+)
U



Cable shield



Hsg. = Housing



6



1



1 2 3



1-wire EEPROM (optional)



view from below



1



5



6



10



11



15



2 Data



3 No function



1



1
5



2



8



4



MX1601B
Maximum input voltage to housing and



supply ground:



MX840B, MX440B, MX1601B: �60 V



MX1601B: �40 V



MX1615B: �15 V



Sensor supply: 5 V … 24 V:



             0 V:



Pin 12



Pin 11



Pin 6



Pin 7



1



8



Push in



MX840B and MX440B:



You can select two measuring ranges (10 V or 60 V),



depending on the parameterization.
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9.15 Voltage sources up to 300 V (CAT II)



The signal conditioning module (SCMV) allows safe ac
quisition of voltages up to 300 V CAT II, or 10 V at a cor



respondingly high voltage level in measurement category



CAT II, and can be very easily connected to the SubHD



connectors of MX840B, MX440B or MX410B amplifiers.



SCMHV was developed in accordance with the most



stringent safety requirements, with the focus on safe
working. Numerous publications are available with more



detailed references to the subject of the (CAT II) meas



urement category and the underlying international stand



ard.



The SCMHV is a voltage divider consisting of a protect



ive circuit or isolating circuit. The voltage is measured by



two permanently connected lab cables with completely



isolated lab connectors.



Due to an integrated 1‐wireEEPROM (TEDS), the



SCMHV is equipped with a detection function for the



connected components. After the connection is made the



channel is configured automatically. The PC software is
capable of linearizing the input and saving it to the ad



apter.



Separate operating instructions are included in the scope
of delivery for the SCM‐HV.



Measurement voltage



300 V DC / 300 Veff. AC
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9.16 DC current sources 20 mA



Supported by the following modules: MX840B, MX440B,
MX410B, MX1601B



Pin assignment for MX1601B see section 8.10.1



13



4



Hsg.



9



(+)



(-)



I



Cable shield



Hsg. = Housing



6



1



1 2 3



1



5



6



10



11



15



2 Data



3 No function



1



1-wire EEPROM (optional)



view from below



MX1601B



2



5



3



8



4



Adjustable sensor supply: 5 V … 24 V:



             0 V:



Pin 12



Pin 11



Pin 6



Pin 7



1



8



Push in



Maximum current �30 mA
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9.17 DC current sources 20 mA -



voltage-fed



Supported by the following modules: MX840B, MX440B,



MX410B, MX1601B



Pin assignment for MX1601B see section 8.10.1



13



11



Hsg.



12



(-)



(+)



I



Cable shield



Hsg. = Housing



6



1



1 2 3



1



5



6



10



11



15



2 Data



3 No function



1



1-wire EEPROM (optional)



view from below



9
4



MX1601B



6
7
2



8



4



5
3



TYPOs



Adjustable sensor supply: 5 V … 24 V:



             0 V:



Pin 12



Pin 11



Pin 6



Pin 7



1



8



Push in



Maximum current �30 mA
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The sensor supply must be connected in series.
However, this eliminates the electrical isolation from the



module supply for the affected channel.



9.18 Ohmic resistance (e.g. PTC, NTC,



KTY, …)



Supported by the following modules: MX840B, MX440B,



MX1615B



Hsg.Cable shield



Four-wire circuit



10



4



9



1)  When connecting a two-wire sensor, wire
bridges must be soldered in the connector
(between measurement line and supply)



2



51)



3



Hsg. = Housing



6



1



1 2 3



1



5



6



10



11



15



2 Data



3 No function



1



1-wire EEPROM (optional)



view from below



4



5



8
6



7



1



MX1615B



1



8



Push in
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9.19 Resistance thermometer PT100,



PT1000



Supported by the following modules:



PT100 / PT1000: MX840B, MX440BA



PT100: MX1615B



Hsg.Cable shield



Four-wire circuit



10



4



9



2



5



3







Hsg. = Housing



6



1



1 2 3



1



5



6



10



11



15



2 Data



3 No function



1



1-wire EEPROM (optional)



view from below



4



5



8



6



7



1



MX1615B



1



8



Push in
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9.20 Thermocouples



Supported by the following modules: MX840B, MX440B,
MX1609/KB, MX1609T/TB



The module MX1609/KB support only thermocouples



type K; module MX1609T/TB supports type T(see page



118). In these modules, the required cold junction behind
each socket is directly integrated in the module.



In the MX840B and MX440B, a small plugin board



(1THERMOMXBOARD) to act as a cold junction must
be integrated into the SubHD plug (see next page).



+



-



Thermocouple



1-THERMO-MX BOARD



(soldered into the Sub-HD connector plug and contains a



cold spot compensation element and TEDS)



1



5



6



10



11



15



Maximum input voltage to housing and supply



ground: �60 V



Connection for MX840B, MX440B
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Type Thermocouple material 1 (+) Thermocouple material 2 (�)



J Iron Copper-nickel



K Nickel-chrome (color code green) Nickel-aluminum (color code white)



T Copper Copper-nickel



S Rhodium-platinum (10%) Platinum



I Nickel-chrome Copper-nickel



B Rhodium-platinum (30%) Rhodium-platinum (6%)



N Nickel-chrome-silicone1) Nickel-silicone



R Rhodium-platinum (13%) Platinum



1) Nicrosil



When recording temperatures with thermocouples with



amplifiers MX840B or MX440B, you must solder the



"1-THERMO-MX BOARD" board into the connector plug.



Position of board in plug



1 5



106
PT1000



PINs to be soldered



� Insert the 1-THERMO-MX BOARD in the correct posi



tion between the plug pins
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Notice



Check the position with the plug shape (see picture



above). 



In this position, the PT1000 of the cold spot compensa



tion element is on top.



PT1000



� Solder the connector pins to the connections on the



board



� PIN 1 TEDS



PIN 6 TEDS



PIN 5 Thermocouple (+)
PIN 10 Thermocouple (-)



PIN 9 Signal ground



PIN 7 PT1000 cold junction



PIN 8 PT1000 cold junction



PIN 2 Excitation (-)



PIN 3 Excitation (+)
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9.21 Frequency, differential, without



directional signal



Supported by the following modules: MX840B, MX440B,



MX460



6



4



Hsg.



5



Cable color code: wh= white; bk= black; bu= blue; rd= red; ye = yellow; gn= green; gy= gray



10



f1 (-)



Ground



Plug 1



Md



Cable shield 



f1 (+)



5



1



4
rd



wh



gy



9



5 V



f1 (+)



f1 (-)
200 mV



Differential signal (RS 485); schematic diagram



0 V



Hsg. = Housing



HBM torque transducer: Signal level: TTL only



Voltage supply: separate



6



1



1 2 3



2 Data



3 No function



1



1-wire EEPROM (optional)



view from below



1



5



6



10



11



15



15Shunt calibration



Adjustable sensor supply: Pin12: 5 V ... 24 V;



Pin 11: 0 V



0.7 W per channel, total 2 W.



For further information see the data



sheet.



Maximum input voltage: 5 V to groundNOTE
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9.22 Frequency, differential, with



directional signal



Supported by the following modules: MX840B, MX440B,



MX460B



9



4



Hsg.



10



Cable color code: wh= white; bk= black; bu= blue; rd= red; ye = yellow; gn= green; gy= gray



7



f1 (-)



Ground
Plug 2



n



Cable shield



8 6



3



1



7



bk and
bu



wh



gn



rd



gy



f1 (+)



f2 (-)



f2 (+) 8



6



5



f1 (-) = Measurement signal speed,  0 (-)
f1 (+) = Measurement signal speed,  0 (+)



f2 (-) = Measurement signal speed,  90 (-)
f2 (+) = Measurement signal speed,  90 (+)



5 V



f1 (+)



f1 (-)
200 mV



0 V



Hsg. = Housing



6



1



1 2 3



1



5



6



10



11



15



2 Data



3 No function



1



Adjustable sensor supply: Pin12: 5 V ... 24 V;



Pin 11: 0 V



1-wire EEPROM (optional)



view from below



Differential signal (RS 485); schematic diagram



HBM torque transducer: Signal level: TTL only



Voltage supply: separate



0.7 W per channel, total 2 W.



For further information see the



data sheet.



Maximum input voltage: 5 V to groundNOTE
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9.23 Frequency, single-pole, with



directional signal



Supported by the following modules: MX840B, MX440B,



MX460B



10



8Industrial



pulse



encoder



f2 (+)



f1 (+)



6



4



5



7



9



5 V



3.5 V



1.5 V



Thresholds



Thresholds



f1



Signal single-pole, schematic diagram



0 V



Hsg.Cable shield 



Hsg. = Housing



6



1



1 2 3



1



5



6



10



11



15



2 Data



3 No function



1



Adjustable sensor supply: Pin12: 5 V ... 24 V



Pin 11: 0 V



1-wire EEPROM (optional)



view from below



Maximum input voltage: 5 V to groundNOTE
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9.24 Encoder and pulse encoder,



differential



Supported by the following modules: MX840B, MX440B,



MX460B



3



7



5



8



Industrial



pulse



encoder



f1 (+)



f1 (-)



Zeroing pulse +



Zeroing pulse -



f2 (-)



f2 (+)



2



10



9



4



6



5 V



f1 (+)



f1 (-)
200 mV



Differential signals (RS 485); schematic diagram



0 V



Hsg.Cable shield 



Hsg. = Housing



6



1



1 2 3



1



5



6



10



11



15



2 Data



3 No function



1



Adjustable sensor supply: Pin12: 5 V ... 24 V



Pin 11: 0 V



1-wire EEPROM (optional)



view from below



Maximum input voltage: 5 V to groundNOTE
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9.25 Encoder and pulse encoder,



single-pole



Supported by the following modules: MX840B, MX440B,



MX460B



6



10



8



3



Industrial



pulse



encoder



f2 (+)



Zeroing pulse +



9



4



7



2



5



5 V



3.5 V



1.5 V



Thresholds



Thresholds



f1



Signal single-pole, schematic diagram



0 V



f1 (+)



Hsg.Cable shield 



Hsg. = Housing



6



1



1 2 3



1



5



6



10



11



15



2 Data



3 No function



1



Adjustable sensor supply: Pin12: 5 V ... 24 V



Pin 11: 0 V



1-wire EEPROM (optional)



view from below



Maximum input voltage: 5 V to groundNOTE
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9.26 Rotary encoder and pulse generator,



single pole with static directional



signal



Supported by the following modules: MX840B, MX440B,



MX460B



6



10



8



3



Industrial



pulse gen



eratos



f2 (+)



Zeroing pulse +



9



4



7



2



5



5 V



3,5 V



1,5 V



Impulse



Left



f1



0 V



f1 (+)



Hsg.Cable shield



1



5



6



10



11



15



Direction



Clockwise



f2



Not included in TEDS standard



Maximum input voltage: 5 V to groundNOTE



Signal single-pole, schematic diagram



Adjustable sensor supply: Pin12: 5 V ... 24 V



Pin 11: 0 V



Hsg. = Housing
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9.27 Absolute value encoder with SSI



protocol



Absolute value encoders provide information about posi



tion in the form of a digital numeric value. Because the



numeric value is unique over the entire resolution range



of the absolute value encoder, no initial reference move



ment is needed is is the case for incremental rotary en
coders. Absolute values can be transferred by the en



coder using the international SSI, EnDat (Heidenhain) or



Hiperface (Sick-Stegmann).



In addition to the current position value, other data items
can also be transferred. They can include current tem



perature values of the encoder or the electrical data of



the servo motor on which the encoder is mounted (the



"electronic rating plate")



Supported by the following modules: MX840, MX840B,



MX440B
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9



4



Hsg.



10



7



f1 (-)



Ground



SSI
Cable shield



f1 (+)



f2 (-)



f2 (+) 8



6
5



f1 (-) = Data (-)



f1 (+) = Data (+)



f2 (-) = Shift clock (-)



f2 (+) = Shift clock (+)



Hsg. = Housing



1



5



6



10



11



15



Adjustable sensor supply: Pin12: 5 V ... 24 V



Pin 11: 0 V
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9.28 Passive inductive encoder (Pickups,



Crankshaft sensor)



Supported by the MX460B module (only channel 1



and 2).



9



4



Hsg.



14



Ground



Cable shield



f1 AC+



6



1



5



6



10



11



15



Gap



6



1



1 2 32 Data



1



Maximum input voltage to housing and supply



ground: �60 V



Crankshaft sensor / OT sensor



Example for a crankshaft wheel with gap



3 No function



1-wire EEPROM (optional)



view from below
Hsg. = Housing
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9.29 Measurement of rotational speed,



Crankshaft sensor (digital, TTL)



Supported by the MX460B module: (only channel 1



and 2)



9



4



Hsg.



Cable color code: wh= white; bk= black; bu= blue; rd= red; ye = yellow; gn= green; gy= gray



10



5



6



5 V



3.5 V



1.5 V



Thresholds



Thresholds



f 1



Signal single-pole, schematic diagram



0 V



Hsg. = Housing



1



5



6



10



11



15



2 Data
1



Adjustable sensor supply: Pin12: 5 V ... 24 V



Pin 11: 0 V



1-wire EEPROM (optional)



view from below



15



Maximum input voltage: 5 V to groundNOTE



Ground



Cable shield



f1 (+)



6



1



1 2 3



3 No function



Gap



Crankshaft sensor / OT sensor



Example for a crankshaft wheel with gap
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9.30 PWM - Pulse width, pulse duration,



period duration



Supported by the following modules: MX460B



6



10



Transducer



9



4



f1 (+)



Hsg.Cable shield



Hsg. = housing



1



5



6



10



11



15



6



1



1 2 3



2 Data



3 No function



1



Adjustable sensor supply: Pin12: 5 V ... 24 V



Pin 11: 0 V



5f1 (-)
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9.31 PWM - Pulse width, pulse duration,



period duration, single-pole



Supported by the following modules: MX460B



6



10



9



4
7



2
5



f1 (+)



Hsg.Cable shield



Hsg. = housing



1



5



6



10



11



15



6



1



1 2 3



2 Data



3 No function



1



Adjustable sensor supply: Pin12: 5 V ... 24 V



Pin 11: 0 V



Transducer
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9.32 CAN bus



Receiving CAN signals:
MX471B, MX840B (channel 1)



Transmitting CAN signals:



MX471B, MX840B (channel 1, measurement signals



within the module only)



Receiving CCP or XCPoverCAN signals:



MX471B



7



8



CAN High



CAN Low



1



5



6



10



11



15



Adjustable sensor supply: Pin12: 5 V ... 24 V



(at MX840B) Pin 11: 0 V



MX471B



Channel 1



Sub-HD 15-pin



MX840B



7



2



1



5



6



Sub-D 9-pin



9



66CAN-GND
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Notice



Ensure correct termination with termination resistors is



made, as shown in Fig. 9.1. The MX840B does not have



any termination. The MX471B has internal termination



that can be activated via software.



Termination



resistance



120



Node 1 . . . . . .



Termination



resistance



120



Node n



Fig. 9.1 Bus termination resistors



The adapter cable 1-KAB418 is used to connect the



D-SUB-15HD device sockets of the MX840B to standard
CAN plugs (D-SUB-9).
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10 Functions and outputs



The MX410B, MX430B, MX460B as well as MX878B,



MX879B modules can perform calculations in real time,



with the results available as standard system signals.



These system signals can be used like actual measure



ment signals for subsequent tasks (analog output, Ether
CAT® signal, source signal for mathematics function,



data visualization and storage).



The MX878B, MX879B MX410B and MX430B modules



feature analog outputs that can be connected to a sys
tem or source signal, for example an actual measure



ment signal (additionally scaled, filtered) or the result of a



mathematics function. In addition, MX879B provides digi



tal inputs and outputs (binary, static). The digital inputs



are time-stamped. Some digital outputs can be activated
in real time by limit switch.



Measurement channels that are used in mathematics



functions or directly for analog outputs need to be acti
vated for “isochronous data transfer” (for example in the



QuantumX Assistant software, ”Signals” tab).



Notice



The module configuration is immediately active after sys



tem reboot (Auto Startup). No operating PC is required



for configured signal outputs to run standalone.
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Realtime functions overview



Module Peak



values



Add



and



multiply



Root



Mean



Square



(RMS)



Rotation



and



angular



differ



ence



PID



con



troler



Mat



rix



Signal



gener



ator



Limit



value



switch



MX410B x x



MX403B x x



MX430B x



MX460B x x



MX878B x x x x x x



MX879B x x x x x x x



10.1 Amplifier with analog outputs



Modules such as MX410B or MX430B provide one ana



log output each per measurement channel that is acces



sible via a BNC socket on the front.



The outputs are directly assigned to the inputs located



above them.



Fig. 10.1 MX410B front view
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Notice



After an analog output is configured, its function (configu



ration, scaling) continues to be available even if the com



puter is disconnected. Therefore no connection to a PC



is required.



Specifically MX410B supports furthermore 8 peak value



detection channels and 4 RMS channels.



These functions can be used to generate so-called virtual



signals that can also be output at the analog output and



made available to the QuantumX system. This also



makes the signals visible to the software.



The device is parameterized by means of the software



(e.g. QuantumX Assistant or catman®AP).



Keep in mind the following notes when working with peak



value monitoring channels:



� The maximum output (sampling rate) is restricted to



4800 Hz



� PEAK values can only be reset via PC software (sys



tem signals will follow)



� The output rate of the peak value monitoring channel



must not be higher than the sampling rate of the input



channel.



� Filters set for the MX410B do not apply to peak value



monitoring channels



� These channels are always unfiltered. However, the



input signal is filtered.



� The peak value units do not accept other peak value
units or RMS as input. Only the 4 analog inputs are



allowed.
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Peak value function



Each peak value detection unit can monitor either the



Min peak or the Max peak of one of the module's 4 ana



log input channels. A peak value unit may operate in dif



ferent modes:



� EXPORT: peak values will be continuously updated



� HOLD: last peak value will be "frozen"



� PEAK VALUE: peak value detection enabled



� FOLLOW: peak value detection disabled, i.e. the



channel returns the original signal of the input channel



The following combinations are possible:



RUN MAX PEAK VALUE



HOLD MAX PEAK VALUE



FOLLOW HOLD MAX



This also applies to minima.



Graph for the peak value function



Measurement



signalOutput



t



Vi, Vo



HoldRun RunFunction



Operating mode Peak value Follow



Function for Root Mean Square (RMS) calculation



RMS is computed from one of the module’s 4 analog



input channels according to the formula:
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RMS � 1
T



*�
T



0



f�(x)2�dx�
Where f(x) denotes the input channel signal and T the
time window (in ms).



Keep in mind the following notes when working with RMS



channels:



� The maximum sampling rate is 4800 (2400) Hz



� The output (sampling) rate of the RMS channel must



not be higher than the sampling rate of the input chan



nel.



� Filters set for the MX410B do not apply to RMS chan
nels. These channels are always unfiltered. However,



the input signal is filtered.



10.2 MX460B



The MX460B supports 4 special math channels for analy



sis of rotational parts: Rotational vibration and angle dif



ference.



Fig. 10.2 MX460B front view











Functions and outputs



176 A3031-15.0  HBM: public QuantumX



MX460B math channels



Keep in mind the following notes when working with



these channels:



� The maximum sampling rate is 4800 (2400) Hz



� The sampling rate of the channel must not be higher



than the sampling rate of the input channel.



� Filters set for the MX460B do not apply to math chan



nels. These channels are always unfiltered.



However, the input signal is filtered.



10.3 MX878B



The MX878B module is a module with eight analog out



puts that can be accessed on the front panel via BNC



sockets or plug terminals.



MX878B



Fig. 10.3 MX878B front view



Two analog outputs each  (1 and 2, 3 and 4, etc.) have



the same ground potentials, for the others electrical isola



tion applies between them and the voltage supply



ground.
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The modules can receive all signals that are isochron
ously available on the IEEE1394b FireWire.



The settings for this are implemented with the QuantumX



Assistant. Before output at the analog output, the signal



passes through an output characteristic curve parameter
ized by the user (2-point scaling) and a filter also para



meterized by the user. In addition, the rate for DAC is



reduced to 96 kS/s through interpolation.



Math channels



The MX878B is a dedicated module designed for analog



outputs and math channels.



The MX878B supports 4 math channels and  peak value



detection channels.



In contrast to other modules, the MX878B has no analog



sensor inputs. Instead it receives data from other mod



ules via the ”isochronous IEEE1394b FireWire transfer”



from any source within the system configured for this



data transfer mode. The module routes this data to an



analog output or performs a math computation on this



data (which may also be output on one of the analog out



puts).



You need to connect all modules via IEEE1394b



FireWire (or use a backplane) for the MX878 to become



operational! You can configure several channels to



”isochronous IEEE1394b FireWire transfer” using Quan



tumX Assistant software or catman®AP 3.1 or higher.



Please note:



Providing the data via isochronous transfer may use up
significant computing power on the module (in particular



on the MX410B module and the MX460B high-speed



module). Do not activate the isochronous data transfer



unless it is actually needed!
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Add & Multiply functions



The MX878B currently provides the following type of



computation:



Result = a0 + a1*InputSignal1 + 



a2*InputSignal2 + 



a3*InputSignal1*InputSignal2



Where InputSignal1 and InputSignal2 denote the two



input signals used for this computation.



These channels will reside on other modules and must
have their isochronous IEEE1394b FireWire transfer



enabled.



Keep in mind the following notes when working with math
channels:



� The maximum sampling rate is 2400 Hz



� The sampling rate of the channel must not be higher



than the sampling rate of the input channels.



� Filters do not apply to math channels. These channels
are always unfiltered.



Matrix computation function



The MX878B The MX878B makes it possible to perform



4 parallel matrix computations each with a maximum of 6
input and output quantities and 36 constants.



Generic formula:



Fx = a1*Ufx + a2*Ufy + a3*Ufz + a4*Umx + a5*Umy +



a6*Umz



etc. for Fy, Fz, Mx, My, Mz



The ”Matrix computation” function can be used for math



ematical compensation of interdependencies (crosstalk)



of multi-component transducers for force and torque



measurement.
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The maximum data rate of the input and output quantities
is 1200 Hz (< 1 ms of computation time). The computed



output signals can be scaled and output as filtered ana



log voltages by the same module. The computed signals



can also be distributed (isochronously) to the IEEE1394b



FireWire bus in real time and output via CAN bus or



EthrCAT® (MX471B: CAN bus. MX878B: EtherCAT®
bus).



Scaling of the input and output quantities must always be



noted.



An EXCEL compensation matrix can be copied directly to



the matrix parameterization (Ctrl + C, Ctrl + V).



Function for Root Mean Square (RMS) calculation



RMS is computed from one of the module’s 4 analog



input channels according to the formula:



RMS � 1
T



*�
T



0



f�(x)2�dx�
Where f(x) denotes the input channel signal and T the



time window (in ms).



Keep in mind the following notes when working with RMS
channels:



� The maximum sampling rate is 4800 (2400) Hz



� The output (sampling) rate of the RMS channel must



not be higher than the sampling rate of the input chan



nel.



� Filters set for the MX878B/879B do not apply to RMS



channels. These channels are always unfiltered. How



ever, the input signal is filtered.
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Peak value function



Keep in mind the following notes when working with peak



value monitoring channels:



� The maximum sampling rate is 4800 Hz



� The sampling rate of the channel for peak value moni



toring must not be higher than the sampling rate of
the input channel.



� The peak value units do not allow for any other peak



value units or RMS values as input



Each peak value detection unit can monitor either the



Min peak or the Max peak of one of the four signals



within the system identified as "isochronous".



A peak value unit may operate in different modes:



� EXPORT: peak values will be continuously updated



� HOLD: last peak value will be "frozen"



� PEAK VALUE: peak value detection enabled



� FOLLOW: peak value detection disabled, i.e. the



channel returns the original signal of the input channel



The following combinations are possible:



RUN MAX PEAK VALUE



HOLD MAX PEAK VALUE



FOLLOW HOLD MAX



This also applies to minima.
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Graph for the peak value function



Measurement



signalOutput



t



Vi, Vo



HoldRun RunFunction



Operating mode Peak value Follow



Analog outputs of the MX878B



The MX878B is a dedicated module designed for analog
outputs and math channels. In contrast to other modules,



the MX878B has no analog sensor inputs. Instead it



receives data from other modules via the ”isochronous



IEEE1394b FireWire transfer”. The module then routes



this data to an analog output.



You need to connect all modules via IEEE1394b



FireWire (or use a backplane) for the MX878B to become



operational! Please note the ”ISO” column in the cat



man® channel configuration window. This column indi
cates if a channel provides its data via the isochronous



link (indicated by a symbol). Click the column or use the



column’s context menu to enable or disable isochronous



transfer for a channel.



Providing the data via isochronous transfer may use up
significant computing power on the module (in particular



on the MX410B module and the MX460B high-speed



module). Do not activate the isochronous data transfer



unless it is actually needed!
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MX878B signal generator



The MX878B has 8 signal generators. The signals (e.g.



set profiles for controlling uni- or multiaxial actuators) can



be individually generated and assigned to analog outputs.



The following signal forms are available (to be defined in



an ASCII file):



constant, sine, rectangle, triangle



Depending on their type, the signal forms are described



by the following parameters:



level, frequency, duty ratio



The signals are buffered and described as follows:



Repetition cycle (continuous, triggered)



Point in time



A buffer that has been filled before can be output with a



defined number of repetition cycles, continuously and
triggered, starting at a specific point in time.



In addition, a second buffer is available. While one buffer



is output the second buffer can be filled. Output of the
second buffer can be activated immediately or when the



first buffer has been output. At the end of the sequence,



the last output value is held.



PID controller



The PID controller function block allows setup of a con



troller with proportional, integrating and differential share



with limiting component and antiwindup. Signals can be



assigned to measured or actual value as well as setpoint



value.
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Parameter



Gain, Kp, P component



Reset time Ti [seconds], I component



Rate time Td [seconds], D component



Upper limit of the controller output ymax



Lower limit of the controller output ymin



Additional value input: as fix output value



Default output: default is output when Enable input =
low
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10.4 MX879B Multi‐I/O module



The MX879B module is a multi-I/O module with eight
analog outputs and 32 digital I/Os that can be accessed



on the front panel via plug terminals.



MX879B
Analog outputsDigital In‐/Outputs



Fig. 10.4 MX879B front view



Two analog outputs each  (1 and 2, 3 and 4, etc.) have
the same ground potentials, for the others electrical isola



tion applies between them and the voltage supply



ground.



The modules can receive all signals that are isochron



ously available on the IEEE1394b FireWire.



The settings for this are implemented with the QuantumX
Assistant. Before output at the analog output, the signal



passes through an output characteristic curve parameter



ized by the user (2-point scaling) and a filter also para



meterized by the user. In addition, the rate for DAC is



reduced to 96 kS/s through interpolation.



The MX879B functions are similar to those of the



MX878B.



In addition, the MX879B offers a limit value monitoring



function.
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Limit value monitoring



The limit value unit consists of eight limit value switches



for monitoring of eight signals. Any signal that is available



throughout the system can be used as the input signal.



The logic output can be assigned to a digital output.



Parameterization includes the input signal and, in addi



tion, the switching threshold, hysteresis, switching logic



and output logic.



The update rate of limit values is 4800 Hz.



Switching on



Switching level



Hysteresis value



Switching level



Switching on



Switch off



Switch off



Over limit



Under limit Hysteresis value



24 V



0 V



24 V



0 V



LV1



LV2
LV1 logic 1



LV2 logic 1



Fig. 10.5 Limit value functions and parameters
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Examples of connections for MX879B



Digital output 24 V (1)



24 V



GND



1 … 32



2



3



4



UINT



24 V



Ground



I/O



1
2



3



4



5



6



7



8



24 V



GND



1 … 32



2



3



4



UINT



I/O



Digital output 5 V, internal (1)



Bridge



1
2



3



4



5



6



7



8
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Digital input 24 V (1)



24 V



Gnd



1 … 32



2



3



4



UINT



24 V (optional)



I/O



Note:



Each twin unit comes with one power supply.



To supply all I/Os with power, bridging is required or each twin unit needs to be powered



separately.



S
o



u
rc



e



1



2



3



4



5



6



7



8
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Analog output (1)



Nc



1 or 5



2 or 6



GND 1 or GND 3



3 or 7



4 or 8



Gnd 2 or Gnd 4



U1



Ground 1



1



2



3



4



5



6



7



8
Note:



GND 1: Terminals 1 and 2



GND 2: Terminals 3 and 4



GND 3: Terminals 5 and 6



GND 4: Terminals 7 and 8
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Notice



The analog output sockets are coded. The push-in plugs



need to be prepared accordingly.



Coding of the analog output sockets:



Analog output sockets are coded for
protection.



A tip needs to be cut off when preparing
plug connections for analog outputs
(coding).
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10.5 MX471B



The MX471B module ensures a high-performance con
nection between a CAN bus network and the QuantumX



system.



Four CAN interfaces are available, all working indepen



dently of each other.



The measurement system can read in CANbus signals



and also output them



The “QuantumX CANbus” operating manual explicitly



describes all matters concerning the bus and the modu



les.
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11 FAQ



Subject:



QuantumX in an (Ethernet) network and DeviceScan with



catman®Easy/AP



Question/Problem



I connected a QuantumX amplifier via a network cable



and started the catman®EASY/AP software, but I am not



getting a connection to the amplifier.



The software advises:



"The device scan cannot find any connected devices. …”



Reply/Solution



� First of all, check carefully whether the network ad



dress of the QuantumX amplifier is in the same sub
net as the PC and whether this IP address is correctly



entered in the scan options of catman®Easy/AP. If



this is the case, the following factors may also prevent



the QuantumX from being located in the network:



� Check that the Ethernet cable is plugged in



� The Windows® firewall. This can block the connection



during device scanning and should be switched off
temporarily for the duration of the measurement. The



settings for the firewall can be found under Control



panel �>  Security center �> “Windows Fire



wall”.



� Wireless network adapters (WLAN). These can, de



pending on the configuration, take priority in operating



the network and thereby disturb the wired network



scan. If a WLAN adapter is present on the notebook
or laptop, it must be deactivated.
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� The firewall of an installed VPNClient. This can also
disturb a network scan. For example, the setting



"Stateful Firewall (Always On)" is activated by default



in the CISCO VPN Client. This should be temporarily



deactivated for the QuantumX device scan.



� A virus scanner can also possibly block the network



scan due to its properties. It should therefore be tem



porarily deactivated.



� If the PC settings will not permit a scan via a network



area at all (e.g. for security reasons), it is still possible



to connect a device manually with a selected configur



ation (from catman®EASY/AP version 2.2). This set



ting can be found in the "Scan options" as the option
"Add device manually".



Please note that administrator rights under Windows®



may be necessary for some of these settings.



Question/Problem



How can I quickly check whether or not I can actually



communicate with the amplifier?



Reply/Solution



Windows Start > Search and start "cmd" and enter the



following at the C:> prompt:



ping xxx.xxx.xxx.xxx (ENTER) 



The xxx.xxx.xxx.xxx represents the IP address of your



QuantumX device. If correctly connected, the device will
reply positively. An example is shown in the following



screenshot:
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If no module appears, there are several possible causes.
Check the following points and then repeat the search.



� Have you activated the correct interface or correct



interface adapter?



� Check the Scan options in the 'Module suchen' dialog.



� Does your Ethernet switch work properly?



If you are not operating any other devices on the



switch with which you can check the function, try to



set up a direct connection between the PC and the
QuantumX module.



� If you want to use the QuantumX module in a larger



network, please contact your network administrator.
There are a series of options in administrated net



works to limit or completely prevent data transmission



between individual subscribers. Administrative en



abling may also be necessary here.
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Operation in LAN



1. No server in the network, the PC has no setting or



uses DHCP, the QuantumX module has a permanent



address



No connection can be set up with this combination.



2. DHCP server in the network, the PC has a permanent
address or uses DHCP, the QuantumX module has a



permanent address



A connection can normally only be set up when the
PC and QuantumX module addresses lie in the same



subnet, i.e. the IP address may only have different



digit groups where a 0 is present in the subnet mask.



Also refer to Changing the Ethernet interface para



meters of the QuantumX 
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12 Accessories



System accessories



Article Description Order no.



Backplane QuantumX



(standard)



Backplane for maximum 9 modules of the



QuantumX family.



General information:



- Wall or control cabinet installation (19");



- External modules can be connected via
IEEE1394b FireWire;



- Power supply: 24 V DC;



- Power consumption: Max 5 A (150 W);



Note: Only modules with protection class



IP20 can be inserted.



1-BPX001



QuatumX Backplane QuantumX Backplane‐Rack for maximum 9



modules in IP 20:



- 19'' rack mounting with handles left and
right;



- Connection of external modules via



FireWire possible;



- Power supply: 24 V DC / max. 5 A 
(150 W)



1-BPX002
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Module accessories



Voltage supply



Description Order no.



Power supply AC/DC power supply unit; input: 100-240 V



AC (�10%); 



1.5 m cable with international plug set



Output: 24 V DC, Max. 1.25 A; 2 m cable



with plug for IP20 modules.



1-NTX001



Voltage supply, open



line



3 m cable for voltage supply of a QuantumX



module. Plug for IP20 modules on one side



and exposed wires at the other end.



Note when using multiple modules: The



supply voltage can be looped through
IEEE1394b FireWire connections



(max. 1.5 A).



1-KAB271-3



Mechanical



Description Order no.



Housing connection



element for Quan



tumX modules, see



section 6, page 41



Mechanical connection elements for Quan



tumX modules (IP20 / IP65). Set consisting



of 2 case clips, including assembly material



for fast connection of 2 modules.



1-CASECLIP



Fitting panel for



QuantumX modules,



see section 6.3,



page 47 



Fitting panel for mounting QuantumX mod



ules using case clips (1-CASECLIP), lash



ing strap or cable ties. Basic fastening by 4



screws.



1-CASEFIT



Case protection for



QuantumX modules,



see section 6.1,



page 42 



Case protection (X enclosure frame) for



QuantumX modules.



1-CASEPROT
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IEEE1394b FireWire



Description Order no.



IEEE1394b FireWire



cable (module-to-



module)



FireWire connection cable between



(lengths: 0.2m/2 m/5 m). Fitted on both ends



with appropriate plugs.



Note: You have the option to use the cable



to supply the modules with voltage (max.



1.5 A, from source to last acceptor).



1-KAB272-0.2



1-KAB272-2



1-KAB272-5



Connection cable, PC



to module 3 m



FireWire connection cable between PC and



module (ODU, 4,5 m , standard FireWire



1394b).



Note: The cable cannot be used to supply



QuantumX modules with voltage.



1-KAB293-5



Hub to module con



nection cable 3 m



FireWire connection cable between hub and



modul (length: 3 m). Fitted on both ends



with appropriate plugs.



Note: The cable can be used to optionally



supply connected QuantumX modules with
voltage via the hub (max. 1.5 A, from source



to last acceptor).



1-KAB276-3



IEEE1394b FireWire



PC card



FireWire IEEE 1394b ExpressCard for



connecting QuantumX modules at a Note



book or PC.



1-IF-002



IEEE1394b FireWire



extender



SCM‐FireWire extender, IP68



Package consisting of 2 elements for



extending the FireWire connection up to 50



m. Also required: 2x1‐KAB269‐x and



industrial Ethernet cable (M12, CAT5e/6, up
to 50 m). Connection via KAB270‐-3 not



possible.



1-SCM-FW



Ethernet



Ethernet Ethernet crossover cable, 2 m; CAT5e 1-KAB239-2
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Transducer side



General information



Article Description Order no.



D-Sub-HD 15‐pin plug



set with TEDS chip



Plug kit D-Sub HD 15-pin (male) with TEDS



chip DS24B33f. Housing: metallized plastic



with knurled screws.



Note: the TEDS chip is blank.



1-SUBHD15-



MALE



D-Sub-HD 15‐pin port



saver



Four fully wired port savers protect



D-Sub-HD 15-pin ports against wear and



tear due to frequent plugging and unplug



ging of transducers. Extends durability by at



least 500 contact cycles.



Construction: plug in socket with screw con



nection.



1-SUBHD15-



SAVE



DSubHD 15‐pin



300 V CAT II adapter



Voltage signal conditioner 300 V (CAT II),



TEDS, D‐SUB-HD device connection, insu



lated lab measuring lead (length 0.5 m).



1-SCM-HV



DSubHD 15‐pin SG



quarter bridge ad



apter



SG quarter bridge adapter (SCMSG120



with 120 ohm completion resistor, or



SCMSG350 with 350 ohm completion



resistor).



Signal conditioning SG quarter bridge on



QuantumX input with full bridge. Integrated



120-ohm (350-ohm) completion resistor for



quarter bridge, shunt calibration, TEDS,



D-Sub-HD device connection, Solder joints
for transducer lead in a 3wire configuration.



1-SCM-SG120



1-SCM-SG350



DSubHD 15‐pin to



adapter BNC



BNCsockettoDSubHD15pinplug adap



ter for connection of currentfed, piezoelec



tric sensors (IEPE) or voltage (�10 V) with



BNC to MX410B, MX840B or MX440B



(length approx. 5 cm).



1-SUBHD15-



BNC
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Order no.DescriptionArticle



Adapter D-Sub-HD



15‐pin to D-Sub



15‐pin



Adapter D-Sub-HD 15-pin to D-Sub 15-pin



for connecting transducers with pre-as



sembled D-Sub plugs on MX840 (length ap



prox. 0.3 m).



Note: Ready-made for full-bridge (6-wire).



1-KAB416



PushIn connector (8



Pins), Gold



10 push−in−connectors, Phönix Contact, 8
Pins, Gold, (Module: MX1601B, MX1615B,



MX879B).



Note: Do not connect these gold plugs to



MX1601 or MX615 devices (risk of corro



sion!).



1-CON-S1015



1-wire EEPROM



DS24B33



Package consisting of 10 units 1-wire EEP



ROM DS24B33 (for TEDS as per IEEE



1451.4.).



1-TEDS-PAK
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Software and product packages



Article Description Order no.



catmanEASY Easytouse HBM software for data ac



quisition and analysis.



Configuration of data acquisition system,



channels and signals. Creation of indi



vidual panels for signal visualization.
Data storage in different formats (e.g.



BIN, Excel, ASCII, DIAdem, MATLAB,



MDF). Graphical analysis of stored



measurement data, with the option to



export graphics (e.g. into Word).



1−CATMAN−EASY



catmanAP Upgrades catmanEASY with:



- EasyMath for mathematical postpro



cess analysis and export of measure



ment data



- EasyVideocam integration of up to 4



video cameras (Windows DirectShow,



USB / Ethernet / FireWire)



- EasyPlan for offline parameterization



(Wizard or Microsoft EXCEL®))



- EasyScript for automatic processes



(Visual Basic for Applications)



- EasyRoadload for integration of Kistler



RoaDyn® measuring wheels



1−CATMAN−AP
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MX840B, MX440B accessories



Article Description Order no.



Cold junction for ther



mocouple on



MX840B, MX440B



Electronics for temperature compensation



for measurements with thermocouples on



MX840B, MX440B, consisting of:



- PT1000 cold junction



- Including 1-wire TEDS chip for transducer



identification



Note: Mounting in D-Sub-HD 15-pin trans
ducer plug.



1−THERMO−
MXBOARD



Adapter D-Sub-HD15



to D-Sub 9 (CAN) for



MX840B



Adapter for connecting CAN devices on



MX840B, MX440B D-Sub-HD 15‐pin (plug)



to D-Sub 9‐pin (socket); (length: approx. 30



cm).



1−KAB418



MX403B accessories



Article Description Order no.



Adapter BNC



Shrouded plug



BNC socket adapter to 2 shrouded plugs



with standardized gap, 4 pieces per Set.



1000 V CATII, 600 V CATIII.



1-G067-2



„Artificial star“ to
banana plug adapter



Pluggable artificial star for attaching to the



MX403B.



1-G068-2



Safety laboratory
cable



Insulated black/red lead set, 1.5 meters with



safetyshrouded banana plugs and alligator



clips 1000V CAT II.



1-KAB282-1,5
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Order no.DescriptionArticle



HBR 1 �, 1 W
precision burden
resistor



1 �, 1 W, 0.02% high precision, low thermal
drift burden resistor. Internally uses 4 wire
connection to reduce inaccuracy caused by
the currents running to the burden resistor.
Using banana input connectors and banana
output pins. Directly compatible with GN610,
GN611, GN610B and GN611B acquisition
cards.



1-HBR/1 Ohm



HBR 2.5 �, 1 W
precision burden
resistor



2.5 �, 1 W, 0.02% high precision, low ther
mal drift burden resistor. Internally uses 4
wire connection to reduce inaccuracy
caused by the currents running to the bur
den resistor. Using banana input connectors
and banana output pins. Directly compatible
with GN610, GN611, GN610B and GN611B
acquisition cards.



1-HBR/1.5 Ohm



HBR 10 �, 1 W
precision burden
resistor



10 �, 1 W, 0.02% high precision, low ther
mal drift burden resistor. Internally uses 4
wire connection to reduce inaccuracy
caused by the currents running to the bur
den resistor. Using banana input connectors
and banana output pins. Directly compatible
with GN610, GN611, GN610B and GN611B
acquisition cards.



1-HBR/10 Ohm
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MX1609 accessories



Article Description Order no.



Bag with 10 mini ther



mocouple plugs, incl.



RFID for thermo



couples type K



Package, consisting of 10 x mini thermo



couple plugs with integrated RFID chip for



measuring point detection for the



MX1609/KB thermocouple measuring amp



lifier of the QuantumX family; type K: NiCr-
NiAl, RFID integrated, green, male.



1−THERMO−
MINI



Bag with 10 mini ther



mocouple plugs, incl.



RFID for thermo



couples type T



Package, consisting of 10 x mini thermo



couple plugs with integrated RFID chip for



measuring point detection for the



MX1609/TB thermocouple measuring ampli



fier of the QuantumX family; type T: Cu-
CuNi, RFID integrated, brown, male.



1−THERMO−
MINI−T



MX879B, MX1601B, 1615B accessories



Article Description Order no.



PushIn connector (8



pins)



10 PushIn connectors, Phoenix Contact, 8



pins (modules: MX1601B, MX1615B,



MX879B).



1−CON−S1005



Phönix Push-In-Connector



with strain relief
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MX809B accessories



Artikel Beschreibung Bestell-Nr.



Thermo Mini insu



lating cap



Kit comprising a total of 4 insulating caps



(ISOCAP) to allow for self-assembly of



Thermo Mini sockets of type K, J, T, B, E, N,



R, S, C or copper thermocouples for measu



ring voltages of  ± 5 V.



1-CON-A1018
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12.1 System accessories



12.1.1 BPX001 backplane



449



407.75
318.75



229.75
140.75



56.75
85



36
.2



5
14



7.
5



22
0



6.5
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12.1.2 BPX002 backplane



470
462 214.5



448.5



22
0.



9



32
.7



5



65
.5



98
.2



5



13
1



16
5.



3



0



14
6.



05



482.6
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12.1.3 Housing connection elements



Case clip



Case clip



Covers for



housings with



protection class



IP65



12.2 Voltage supply



12.2.1 Power pack NTX001



Modules



NTX001
3 m



Mains



Europe mains cable



Australia mains cable



USA mains cable



UK mains cable



Order number: 1-NTX001
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12.2.2 Supply cable



3m 30



Approx. 10-15



mm



Twisted and tinned



Cable LIYY 2x0.5 mm2
Plug ODU Medi‐Snap



S11M08-P04MJGO-5280



+



0 V



Supply voltage



black



brown



Order number: 1-Kab271-3 (length 3 m)
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12.3 IEEE1394b FireWire



12.3.1 IEEE1394b FireWire cable (module-to-module;



IP67)



L1=0,2 m; 2,0 m; 5,0 m



Order numbers: 1-KAB272-0.2 (length 0.2 m)



1-KAB27-2 (length 2 m)



1-KAB272-5 (length 5 m)



12.3.2 Connection cable (PC to module)



Order number: 1-KAB293-5 (length 5 m)
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12.3.3 Connection cable (PC to hub)



3 m



IEEE1394b FireWire B plug



PC adapter socket



Order number: 1-KAB276-3 (length 3 m)
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12.4 General information



12.4.1 Plug kit with TEDS chip



Plug kit D-Sub-HD 15-pin (male) with TEDS chip for stor



ing a sensor data sheet.



Order number: 1-SUBHD15-MALE



12.4.2 Port saver Sub-HD 15-pin



Front
Rear



Order number: 1-SUBHD15-SAVE



When frequently connecting and disconnecting trans



ducers we recommend that you use port savers for pro



tecting the transducer sockets of the QuantumX module.
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The port saver is easy to screw into place and can be
replaced after several hundred mating cycles. This elim



inates that need for expensive module repairs.



12.4.3 Adapter D-Sub-HD 15-pin to D-Sub 15-pin



D‐SUB‐HD plug D‐SUB socket



Wire bridge



Order number: 1-KAB416



CAUTION



This cable is only for transducers with full bridge and
6-wire circuits! If other transducers are connected, the



universal amplifier can be damaged or even destroyed.
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12.5 Accessories for MX840B, MX440B



12.5.1 Cold junction for thermocouples



Electronics for temperature compensation for measure



ments with thermocouples. Board for installation in a
15-pin D-Sub-HD plug.



1 5



106



PINs to be soldered



View from above View from below



Cold junctionTEDS chip



1
2
,5



12



All dimensions in mm



Height with components: 3 mm



Position of the board in



the plug (TEDS facing



down)



Order number: 1-THERMO-MXBOARD
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12.6 SubHD15 to BNC adapter



Order number: 1-SUBHD15-BNC



The adapter from D-Sub-HD plug male to BNC socket is



used to connect current fed piezoelectric transducers



(IEPE = Integrated Electronics Piezo Electric) or elec
trical voltages with BNC connector cable to universal



amplifier MX410B as well as MX840B or MX440B.
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12.7 SCM-HV accessories



Order number: 1-SCM-HV



High-voltage signal conditioner for measuring differential



voltages within the rated data indicated in the specifica



tions together with a suitable QuantumX module.



Connection to 15-pin sockets of QuantumX modules



MX840B, MX440B or MX410B
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12.8 SCM-SG120/350 quarter bridge



adapter



Transducer



connection



Amplifier



connection



View from below



QuantumXSG



Order number: 1-SCM-SG120/350



Bridge adapter SCM-SG120/350 is inserted into Quan



tumX modules with SG full bridge input (D-Sub-HD15).
This makes it possible to connect a SG in quarter bridge



circuit in 3‐wire configuration.
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12.9 MX1609/KB/TB accessories



12.9.1 Thermo-connector with integrated RFID chip



21



2
1
,3



RFID



Connectors for thermocouple amplifiers:



MX1609 / MX1609KB: type K



Package unit: 10 mini connectors for thermocouples



type K



Order number: 1-THERMO-MINI



MX1609T/TB: Type T



Package unit: 10 mini connectors for thermocouples
type T



Order number: 1-THERMO-MINI-T
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13 Support



Headquarters world-wide



Europe



Hottinger Baldwin Messtechnik GmbH:
Im Tiefen See 45, 64293 Darmstadt, Germany



Tel. +49 6151 8030, Fax +49 6151 8039100



E-mail: info@hbm.com



www.hbm.com



North and South America



HBM, Inc., 19 Bartlett Street, Marlborough, MA 01752,
USA



Tel. +1-800-578-4260 / +1-508-624-4500,



Fax +1-508-485-7480



E-mail: info@usa.hbm.com



Asia



Hottinger Baldwin Measurement (Suzhou) Co., Ltd.
106 Heng Shan Road, Suzhou 215009, Jiangsu,



VR China



Tel. (+86) 512 68247776, Fax (+86) 512 68259343



E-mail: hbmchina@hbm.com.cn



Up-to-date addresses of representatives can also be
found on the Internet at: www.hbm.com/Contact/Interna



tional sales offices





www.hbm.com/Kontakt


www.hbm.com/Kontakt
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