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Technical Data: preliminary November 2013 engineered foams

ArmaFORM PET/W GR: ‘green’structural foam core Polyethylene Therephthalate (Welded)

GR60 GR80 GR100 GR115
Density ISO 845 kg/m? 60 ™ 80 ™ 100 @ 115 M
Compression Strength ASTM D 1621 b MPa 0,7 0,95 1,5 1,8
Compression ASTM D 1621 b MPa 55 71 105 120
Modulus ISO 844 MPa 35 57 70 80
Shear Strength ISO 1922 MPa 0,5 0,55 0,7 0,9
Shear Modulus ISO 1922 MPa 11 18 20 22
Shear Strain 1SO 1922 % 25 15 10 10
Tensile Strength ASTM C 297 MPa 1,6 2,1 2,4 2,7
Tensile Modulus ASTM C 297 MPa 60 75 105 120
Thermal Conductivity EN 12667 W/mK 0,034 0,034 0,034 0,035
Tolerances Length Width Diagonal Thickness
Dimensions (mm) @ 2.448 1.008 thc @ GR80-GR115: 5-150mm GR60: 10-150 mm
Tolerances (mm) +/-5 +/-5 <4 <100mm: GR80+GR115 +/- 0,5 GR60: +/-0,7
at room temperature > 100mm: +/- 1

™ Tolerances GR80 - GR115: +/- 5 kg/m> GR60: -5/+10 kg/m?

@ Standard dimension. Further dimensions on special request.
® Depending on length and width combination.

All values are average production figures.

ArmaFORM PET products are CFC / HFC free.

Armacell provides this information as a technical service. To the extent the information is derived from sources other than Armacell, Armacell
is substantially, if not wholly, relying upon the other source(s) to provide accurate information. Information provided as a result of Armacell’s
own technical analysis and testing is accurate to the extent of our knowledge and ability, using effective standardized methods and procedures.
Each user of these products, or information, should perform their own tests to determine the safety, fitness and suitability of these products, or
combination of products, for any foreseeable purposes, applications and uses by the user and by any third party to which yhe user may convey
the products. Since Armacell cannot control the end of this product, Armacell does not guarantee that the user will obtain the same results as
published in this document. The data and information is provided as technical service, and the data and information are subject to change without
notice.

Armacell Benelux S.A.

Rue des Trois Entités 9 - B-4890 Thimister-Clermont

Tel.: +32(0) 87 3250 70 - Fax: +32 (0) 87 3250 71
info.armaform@armacell.com - www.armacell-foam-cores.com

Copyright: Armacell Benelux SA, subject to changes - 200-004/07-0611-(GB)-WW
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Divinycell PR

The high performance sandwich core

Divinycell PR is a thermoplastic sandwich core material manufactured = Good mechanical strength to low weight makes it suitable for goods
from recycled PET raw material. transport applications and sandwich panelling.

Mechanical properties Divinycell® PR

Property Test Procedure Unit PR60 PR80 PR100 PR115
Nominal Density 1SO 845 kg/m? 60 80 100 115
Compressive Strength’ 1ISO 844 MPa 0.7 0.95 135 1.8
Compressive Modulus' ASTM D 1621 b MPa 55 71 105 120
Compressive Modulus' ISO 844 MPa 35 57 70 80
Tensile Strength ASTM C 297 MPa 1.6 21 2.4 2.7
Tensile Modulus ASTM C 297 MPa 60 75 105 120
Shear Strength 1ISO 1922 MPa 0.5 0.55 0.7 0.9
Shear Modulus 1ISO 1922 MPa 11 18 20 22
Shear Elongation 1ISO 1922 % 25 15 10 10

1. Perpendicular to the plane. All values measured at +23°C

Maximum processing temperature is dependent on time, pressure and processing conditions. Therefore users are advised to contact DIAB Technical
Services to confirm that Divinycell PR is compatible with their particular processing parameters.

Divinycell PR is compatible with most commonly used resin systems (polyester, vinyl ester, epoxy and phenolics) including those with high styrene
contents. For optimal design of applications used in high operating temperatures in combination with continuous load, please contact DIAB Technical
Services for detailed design instructions.

Technical Data

Product Characteristics

Made of recycled PET bottles
Good temperature resistance
Recyclable

Good thermal conductivity

Applications within

e Goods Transport
e Panelling
e Nacelles
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Technical Characteristics Divinycell® PR

Characteristics' Unit PR60 PR100 PR115 Test method
Density variation % +5 +5 +5 +5 1ISO 845
Thermal conductivity? W/(m-K) 0.034 0.034 0.034 0.034 1SO 12667

1. Typical values are approximate
2. Thermal conductivity at +20°C
3. Measured at different thicknesses, contact DIAB fo more information.

Disclaimer:
This data sheet may be subject to revision and changes
. P due to development and changes of the material. The
Phy5|cal characteristics data is derived from tests and experience. If not stated as
. minimum values, the data is average data and should be
Format, color Unit PR60 PR80 PR100  PR115 treated as such. Calculations should be verified by actual
. Length mm 2448 2448 2448 2448 tests. The data is furnished without liability for the company
Plain sheets Width mm 1005 1005 1005 1005 and does not constitute a warranty or representation in
respect of the material or its use. The company reserves
GS sheets Length mm 1224 1224 1224 1224 the right to release new data sheets in replacement.
Width mm 1005 1005 1005 1005
Color Light green | Light green | Light green | Light green All content in this publication is protected by international

copyright laws. Copyright © DIAB July 2013.
Other dimensions are available on request.
Issued: July 2013 Doc No: PR July 2013 rev2 - SI

The product is made by Armacell

DIAB Group
Box 201
SE- 312 22 Laholm, Sweden

Phone: +46 (0)430 163 00
Fax: +46 (0)430 163 96
E-mail: info@se.diabgroup.com

www.diabgroup.com
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Lightweight plastic fibers can have
added strength but enough ‘give’ to
enhance pedestrian safety

+  With pedestrian safety measures growing increasingly strict,
pedestrian safety components are currently being developed for
vehicle application!

+  Self-reinforced plastic (polypropylene) is a new engineering
process that has been created for use in vehicle hoods to help
protect pedestrians in the event of an accident. Though small
in size, lightweight and energy absorbent self-reinforced plastic
panels are placed strategically where a pedestrian's head might
strike the hood of a moving vehicle to help cushion the head and
prevent serious injury.??

+  Self-reinforced plastic is created by heating and weaving plastic Used with permission, © Lotus

to stretch and align the molecular chains, making the end

product is much stronger than conventional plastic, but without The Lotus Elise incorporates

any weight gain*® SrPP panels on its exterior
to increase passenger and
pedestrian safety in addition
to a number of its interior
features.

+  Engineers performed static deflection tests on a self-reinforced
plastic prototype, which withstood the required force load, yet
produced greater deflection® This improved deflection indicates
that the panel can provide strength on impact, but enough “give”
to offer additional protection to pedestrians.

+  Automaker Lotus has already used a front access panel made from self-reinforced plastic for
its Elise sports car. The Lotus front access panel was found to be 57% lighter than the current
production part and passed mechanical and paint durability tests”

+ A manufactured brand of self-reinforced plastic is also currently being considered for components
such as under-body shields as a replacement for heavier metal shields, as well as potential
applications in cosmetic panels and occupant protection.”

+  To be strong enough for automobile use, conventional composites can be reinforced with glass
fiber, carbon fiber or natural materials, which can make recycling more problematic. Self-reinforced
plastic, however, uses plastic resin to create a fiber-like entity and as a binding material. This
process allows the plastic to actually reinforce itself, which in turn creates a potentially more
recyclable material without sacrificing strength.®” Recycling is not always available. Check to see if
recycling is available in your area.




Used with permission Used with permission Used with permission, © Lotus
Image courtesy Propex Fabrics, Inc. Image courtesy NetComposites

Polypropylene threads are The lightweight Porsche Carrera GT, with its racecar looks and
gathered to create the performance, was initially intended to compete in the 24 Hours
polypropylene fabric that of LeMans car race.”

will be hot compacted

into SrPP panels.

Additional Information

+ Much of the SrPP information comes from UK research program RECYCLE, under the
SMMT (Society of Motor Manufacturers and Traders) Foresight Vehicle Initiative, and is
available at: http://www.foresightvehicle.org.uk/. RECYCLE was made up of seven UK
companies and universities including NetComposites, Lotus Engineering, Bl Composites,
Propex Fabrics, the University of Warwick, Trauma-Lite, and London Taxis International.
The group developed a successful new process for producing SrPP?

+  “SrPP products have high impact strengths,
making them excellent for areas of [the car
relating to] pedestrian safety and passenger
protection.”™

Diagram of a Pedestrian Impact

+  As a polypropylene plastic, SrPP is corrosion-
resistant. It also satisfies standard automotive
manufacturing tests for resistance to hydraulic
fluids and fuels?

+  SrPPis created through a process called
“hot compaction,” in which polypropylene
fabric is selectively melted with heat, which
forms a composite consisting of the original,
highly oriented material held in place by a
melted phase.®

Used with permission.
European New Car Assessment Programme. www.euroncap.com
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Automotive & Wrapping Architectural & Ceramic Safety & Security Screen & Body Special Film

[ AUTOMOTIVE FILM ]
GLUE, GLUE METAL, DYED, DYED METAL, GLUE SAFETY, DYED SAFETY, WINDSCREEN FILM

01. Why Solar Control Film?

The solar energy consists of Ultraviolet Ray, Visible Light, Infrared. UV is a major cause of skin cancer and color
fading and IR and visible light cause heat up inside of a car. By solar control film, customers can save cooling
energy cutting heat coming in. Moreover it can prevent not only skin cancer but also color fading by 99% UV
block.

02. Whatis dyed film?

Dyed film is high quality color stable film by dying its PET material. It prevents interior furniture from color fading
by 99% harmful UV block. And it offers you classic look with sophisticated charcoal color film.

03. How do we compare NDFOS Dyed & Dyed metal film with other competitors?

[ Heat Shrinking ]

It should be taken heat very well on the film to install back window of a car. PET layer, adhesive and hard coating
affect heat shrinking. Our product has been based high quality PET layer and technical adhesive know-how so
we have equivalent heat shrinking performance as USA manufacturers’ product.

[ Haze]

NDFOS window films have been enhanced visibility seen through films by using ultra transparent PET material.
As a result of this, drivers feel comfortable even with NDFOS window film applied on a glass.

[ Fading Out]

Window film based on dyed PET material has 3 to 5 year warranty for color fading out. NDFOS window film has 3
year warranty verified QUV and field test all over the world for color fading out. On the other hand, some Asia
dyed manufactures are selling low quality dyed film and it does fade out within 1 year.

[ Adhesive ]

We put high performance adhesive on NDFOS Window film so there is no adhesive trace when you squeeze and
it helps easy installation with fast dry out adhesive. You can distinguish good and low quality of adhesive by
smelling, which indicates that adhesive with non smell is supreme adhesive product. Our adhesive has no smell
but low quality product has pungent smell.

[ Heat Rejection ]

HP film is based on metalized PET layer for heat rejection because metal substance can block heat of solar energy.
Our window film is equally metalized and has the same heat rejection rate through all range of film. To the
contrary, some Asia films have low heat rejection rate and visual barrier caused by unequal metal distribution.



Automotive & Wrapping

04. What is Dyed metal film?

Dyed metal film can control solar energy by metalized PET that can cut the heat coming from visible light and IR.
Dyed metal film can save cooling energy by blocking heat coming inside and has privacy film. Moreover it
protects skin cancer and color fading interior by 99% UV block.

05. What's the function of safety film?

Automotive safety film not only has shatterproof function that can protect driver and passenger from shard glass
caused by accident but also prevent auto theft. Moreover, it is very effective to block solar energy by protecting
UV and IR as window film is.

06. What s difference between Glue safety and Dyed safety film?

The biggest difference between Glue and Dyed safety film is structure of film. Glue safety film has color by
putting dye in adhesive between Clear PET of 4MIL thickness and release liner.

SR

CLEAR PET

ADHESIVE+COLOR

CLEAR PET

RELEASE LINER

Dyed safety film has color by dyed layer laminating clear PET.
SR

CLEAR PET

DYED PET

ADHESIVE

RELEASE LINER

Glue safety film is one of the best seller product and Dyed safety film is being sold as high quality product.

07. How does heat shrinking work?

NDFOS has been steadily putting the best effort to R&D for development of heat shrinking. We are doing installa-
tion autonomously for heatshrinking and as a result of having feedback from our business network, we are
improving heat shrinking. Our customer has satisfaction with heat shrinking that can fit right for back window of
a car. If you would like to have test, feel free to ask sample and follow NDFOS installation instruction

08. What s color fading out?

Each of UV(40%), IR(25%), VL(25%) and etc.(10%) occupy one of reason for color fading out. We put a lot effort in
block of UV and IR to prevent color fading. We are trying to meet customer’s needs with solar control film that can
block 99% of UV and more than 40% of IR. Each film lines have its own warranty terms and we compensate by
complain procedure.

09. Why windshield solar control film?

Solar heat coming through windshield should be harmful for excellent driving environment and one of reason to
increase cooling cost and to fade out car sheet. Generally, an angle of windshield is lower than side window. As a
result, solar heat coming through windshield is much bigger than side window.

Windscreen film not only can save energy by decline of cooling cost but prevent interior fading out. We recom-
mend you to use film with more than 60% of VLT for windscreen for clear outlook.

Target product
High quality windscreen film such as V-KOOL70, 3M Crystalline70, Llumar Air65 are very expensive for every
customers. We offer both equivalent level of product and downmarket product to meet all our customers.

i3
NDFOS
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Cool Crystél ‘

m High Performance Automotive Film

The customer’s choice

Attractive appearance

Cool Crystal combines the
unbeatable heat rejection of a lightly
metallized film with the 5 | |

. utstanding UV protection
subtle graphite tone of a smoke %)
Shade deep-dyed DO|yeSter. » Low visible light reflectance

» No-color-change guarantee

Exceptional value
High heat and glare rejection

v v v Vv

. ) » High privacy (in low VLT)
The result? A high performance film

with high aesthetic appeal that feels

The dealer’s choice
good and looks great.

» Superb shrink
» Quick dry

Color stable and covered by a > Lifetime warranty
lifetime warranty, Cool Crystal

retains its protective performance and

sleek appearance for

long-lasting impact.

@

Hanita Coatings



ool Crystal

High Performance Automotive Film

——

Good Looks

Five shades of graphite, from 35% to a discreet 04% VLT, to satisfy
local legislation and individual taste.

High Performance

Good solar energy rejection combines with low visible light
reflectance to ensure a cooler cabin and less glare. Outstanding UV
block helps protect skin from sun damage, and interior from fading.

Great Handling
Optimized shrink, reduced drying time and high flexibility guarantee
effortless installation.

+ Available in 04%, 12%, 20% and 35% VLT
- 20", 30", 40" and 60" width
» For further information contact: solar@hanitacoatings.com

+972 49859919
04 12 20 35
Visible Light Transmitted 4% 14% 19% 39%
Visible Light Reflected 6% 6% 6% 8%
Ultra Violet Block 99% 99% 99% 99%
Total Solar Energy Reflected 9% 8% 8% 9%
otz |02 U 25% 28% 30% 40%
Total Solar Energy Absorbed 66% 64% 62% 52%
Shading Coefficient 0.53 0.55 057 0.64
Total Solar Energy Rejection 54% 52% 51% 45%
Product code R058Q04 R058Q12 R058Q20 R058Q35

Performance results are calculated on 1/4" - 6mm glass using NFRC methodology and LBNL Window 5.2 software,
and are subject to variations in process conditions within industry standards and are only intended for estimating
purposes.

solar@hanitacoatings.com | T:+972 49859919 @

Hanita Coatings RCA Ltd | Kibbutz Hanita, 22885, Israel
www.hanitacoatings.com Hanita Coatings




VIVAK Properties

PLASKOLITE, INC.

Physical Test method Units VIVAK PETG
Specific Gravity/Relative ASTM D-792 1.27
Density

Optical Refractive Index ASTM D-542 nD 1.57
Light Transmission -Total ASTM D-1003 % 86
Light Transmission - Haze ASTM D-1003 % 1.0
Water Absorption ASTM D-570 % By wt 0.2
Mechanical Test method Units VIVAK PETG
Tensile Strength ASTM D-638 psi 7,700
Tensile Modulus of Elasticity = ASTM D-638 psi 320,300
Flexural Strength ASTM D-790 psi 11,200
Flexural Modulus of Elasticity = ASTM D-790 psi 310,000
Dielectric Constant ASTM D-150 @1kHz 2.6
Dielectric Contstant ASTM D-150 @1mHz 2.4
Dielectric Strength ASTM D-149 volts/mil 410
Compressive Strength ASTM D-695 psi 8,000
Shear Strength ASTM D-732 psi 9,000
Rockwell Hardness ASTM D-785 R-115
Thermal Test method Units VIVAK PETG
Deflection Temperature 264 = ASTM D-648 °F 157

psi (1.8 MPa)

Deflection Temperature 66 ASTM D-648 °F 164

psi (0.45 MPa)

Coefficient of Thermal ASTM D-696 in/@n-°F ) X 3.8
Expansion - 30 to 30°C 10

Thermal Conductivity ASTM C-177  BTU-ft/(hr-ft®  0.13
Flammability (Burning Rate) ASTM D-635 In/minute 0.06
Flammability UL 94 HB
Smoke Density Rating ASTM D-2843 % 53.8
Self-Ignition Temperature ASTM D-1929 @ °F 880
Flame Spread Index ASTM E84 85
Smoke Developed Index ASTM E84 450
Glasss Transition ASTM D-3418  psi 178

Temperature

These suggestions and data are based on information we believe to be reliable. They are offered in good faith, but without
guarantee, as conditions and methods of use are beyond our control. We recommend that the prospective user determine the
suitability of our materials and suggestions before adopting them on a commercial scale.

PLASKOLITE, INC.
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Human
Model

dimension

number
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Validation Sheet
source data:
for more information:

Copyright 2012

dimension

name

sitting height

shoulder breadth (bi-deltoid)
hip breadth (sitting)

stature

buttock knee length
popliteal height

NL, KIMA 1993, 2-13, mixed
http://dined.io.tudelft.nl/dined/

www.3dhumanmodel.com

Do not distribute or reproduce

KIMA 1993 3-4 Mixed

3 3 3

H H H

g 2 s 2 g 2
- - -

g 5 ¢ 5§ g §

£ £ £ £ 5 =

8 ! 8 ! 8 !
P05 P05 P50 P50 P95 P95
5344 | 497 574 556 | 6136 | 614
2332 | 232 253 253 | 272,8| 274
179 179 200 200 220 220
938 919 1013 | 1027 | 1087,3| 1134
300 303 331 333 | 360,7 | 363
222 221 253 250 | 282,7| 280

KIMA 1993 6-7 Mixed

3 3 3

H H H

g 2 = 2 s 2

- - -

3 3 3 ] 3 3

£ £ 5§ = 5 =

8 2 & 2 & 2

P05 POS P50 P50 P95

1| 621,1 581 664 645| 706,9
2| 270,55 270 292 292 313,45
3 205 205 231 231 256
4(1146,8| 1131| 1226| 1251|1305,2
5| 373,05 374 411 412 448,95
6| 296,65 292 328 327 359,35

KIMA 1993 11-12 Mixed

KIMA 1993 8-9 Mixed

Initiated by

Konings & Kappelhoff

design agency

experts in product design and human interactions

website wwuw.koningskappelhoff.com

KIMA 1993 5-6 Mixed
Kl Kl T
B B B
S S ]
s > k] > s =
s E & § 2 B
8 ] 8 3 8 3
2 2 2 =a 2 =
a @ a @ 8 @
P05 P05 P50 P50 P95 P95
592,1| 550 635 615 | 677,9 | 658
255,25| 256 280 280 (304,75| 304
195 195 223 223 251 251
1083,2| 1068 | 1164 | 1190 (1244,9( 1283
353,35 357 388 391 |422,65 429
2773 | 276 307 303 | 3367 | 334

° ° °
T T T
] = © > © =
® c ® c ® c
S g 8 g & 8
3 5 3 3 8 S
5 = 5 = 5 =
2 2 2 2 2 2
POS POS P50 P50 P95
663,8 631 710 690| 756,2
287,95 287 316 315( 344,05
219 219 250 250 280
1254,2 1253| 1340 1374|1425,8
4184 418 458 461| 497,6
335,65 329 367 349( 398,35

2 2 2

] = © > © =

® c ® c ® c

s g & g & g

3 3 3 3 3 3

g 2 ¢ 2 & 2

& 2 & 2 & 2

POS P50 P50 P95

718,6 689 778 758| 837,4
318 318 351 351 384
242 242 286 286 329
13952 1408| 1509 1551|1622,9
477,85 480 529 528( 580,15
379,75 380 421 422 462,25

The terms and conditions are governed by the content licence agreement of 3D Human Model.

Disclaimer: 3D Human Model and its partners cannot be held legally responsible for any problems related to the use of this data and the model.
Note: for this model the dimensions of the individual body parts were implemented. The validation shows the combined dimensions and the deviation form the source data.
Note: hip breath values differ in standing and sitting position. The sitting hip breath has been chosen because the Kima models are regularly used for child seat development.

all dimensions in mm

all dimensions in mm

all dimensions in mm
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bq78PL116

SLUSAB8B —OCTOBER 2010—-REVISED FEBRUARY 2011

PowerLAN™ Master Gateway Battery Management Controller
With PowerPump™ Cell Balancing Technology

Check for Samples: bq78PL116

FEATURES
* bqg78PL116 Designed for Managing 3- to
16-Series-Cell Battery Systems
— Support for LCD and Electronic Paper
Displays or EPDs
— Configurable for 11-A, 26-A, or 110-A
Operating Currents
* Systems With More Than Four Series Cells
Require External bq76PL102 Dual-Cell
Monitors
* SmartSafety Features:
— Prevention: Optimal Cell Management
— Diagnosis: Improved Sensing of Cell
Problems
— Fail Safe: Detection of Event Precursors
» Rate-of-Change Detection of All Important Cell
Characteristics:
— Impedance
— Cell Temperature
» PowerPump Technology Transfers Charge
Efficiently From Cell to Cell During All
Operating Conditions, Resulting in Longer
Run Time and Cell Life
— Includes User-Configurable PowerPump
Cell-Balancing Modes
» High-Resolution 18-Bit Integrating Delta-Sigma
Coulomb Counter for Precise Charge-Flow
Measurements and Gas Gauging
» Multiple Independent A-= ADCs: One-per-Cell
Voltage, Plus Separate Temperature, Current,
and Safety
* Simultaneous, Synchronous Measurement of
Pack Current and Individual Cell Voltages
* Very Low Power Consumption
— <400 pA Active, < 185 pA Standby, < 85 pA
Ship, and < 1 yA Undervoltage Shutdown
» Accurate, Advanced Temperature Monitoring

of Cells and MOSFETs With up to 4 Sensors

» Fail-Safe Operation of Pack Protection
Circuits: Up to Three Power MOSFETs and
One Secondary Safety Output (Fuse)

* Fully Programmable Voltage, Current, Balance,
and Temperature-Protection Features

» External Inputs for Auxiliary MOSFET Control

*  Smart Battery System 1.1 Compliant via
SMBus

APPLICATIONS

+ Portable Medical Instruments and Test
Equipment

* Mobility Devices (E-Bike)

* Uninterruptible Power Supplies and Hand-Held
Tools

DESCRIPTION

The bgq78PL116 master gateway battery controller is
part of a complete Li-lon control, monitoring, and
safety solution designed for large series cell strings.

The bg78PL116 along with bq76PL102 PowerLAN™
dual-cell monitors provide complete battery-system
control, communications, and safety functions for a
structure of three up to 16 series cells. This
PowerLAN system provides simultaneous,
synchronized voltage and current measurements
using one A/D per-cell technology. This eliminates
system-induced noise from measurements and allows
the precise, continuous, real-time calculation of cell
impedance under all operating conditions, even
during widely fluctuating load conditions.

PowerPump technology transfers charge between
cells to balance their voltage and capacity. Balancing
is possible during all battery modes: charge,
discharge, and rest. Highly efficient charge-transfer
circuitry nearly eliminates energy loss while providing
true real-time balance between cells, resulting in
longer run-time and improved cycle life.

Q Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerLAN, PowerPump, bqWizard are trademarks of Texas Instruments.

All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

DESCRIPTION (CONTINUED)

Temperature is sensed by up to 4 external sensors and one on-chip sensor. This permits accurate temperature
monitoring of each cell individually. Firmware is then able to compensate for the temperature-induced effects on
capacity, impedance, and OCV on a cell-by-cell basis, resulting in superior charge/ discharge and balancing
control.

External MOSFET control inputs provide user- definable direct hardware control over MOSFET states. Smart
control prevents excessive current through MOSFET body diodes. Auxiliary inputs can be used for enhanced
safety and control in large multicell arrays.

The bq78PL116 is completely user-configurable, with parametric tables in flash memory to suit a variety of cell
chemistries, operating conditions, safety controls, and data reporting needs. It is easily configured using the
supplied bgWizard™ graphical user interface (GUI). The device is fully programmed and requires no algorithm or
firmware development.

The bg78PL116 pin functions of LED1/SEG1-LED5/SEG5, PSH/BP/TP, and FIELD support LED, LCD, and
electronic paper displays (EPDs). The user can configure the bq78PL116 for the desired display type.

P-LAN <
va Voltage < 4J PRE
PaN < Balance o cre
P4S « w % DSG
Temp O le— <
XT4 & L EFCID
——— EFCIC
V3 Voltage o [
P3N «¢ -
P3S < Balance g —» SPROT
XT3 Temp <« RISC L CSBAT
V2 ”| Voltage ~ e <§:
P2N < 3 2
P2S < Balance o 7} Coulomb Counter < CCBAT
D Temp O l¢—
XT2 > Current AID < CCPACK
Vi = Voltage <
PIN < - PowerLAN 7  LED1-5/SEG1-5,
P Balance o Communication GPIO < » PSH/BP/TP,
P15 < Temp O Link FIELD
XT1 » ™
A < » SMBCLK
SMBus
RSTN Reset Internal < » SMBDAT
1 Logic Oscillator
VLDO1 < 2.5V LDO Watchdog Tem:grnaatlhre l
[ Core/CPU [0
[ Measure [ Safety
B0320-03
Figure 1. BQ78PL116 Internal Block Diagram
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Figure 2. Example bq78PL116 System Implementation (12 Cells)
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Table 1. ORDERING INFORMATION

Cell Package Temperature Ordering Quantity, Transport
Product Configuration® Package Designator Range Number Media
EN.48. 7 bq78PL%16RGZ 250, tape and reel
ba78PL116 | 3to 16 series cells | Q738 Tmm RGZ ~40°C1085C [
a7 PLRl,l RGZ1 " 2500, tape and reel

(1) For configurations consisting of more than four series cells, additional bq76PL102 parts must be used.

AVAILABLE OPTIONS

bq78PL116
RGZ Package
(Top View)
E X
; :
® - £ B & 29 o 28 ¢+ = =
> > X X > > > X X > 0o o»n
yguuuuuuuuyyuuy
CHG “1$ S ¥ ¥ 38 S s § 38 (’;6"_-LED5/SEGS
- ~—
DSG| 2 : —: 35 | LED4/SEG4
PRE| 3 | | 34 | LED3/SEG3
EFCIC| 4 | | 33| LED2/SEG2
EFCID| 5 | | 32 | LED1/SEG1
CCBAT[ D6 | | 31| PSH/BP/TP
Thermal Pad ]
ccPACK[ D7 | | 30 ]sProT
VLDO1 | 8 | | 29 | FIELD
CSBAT| o9 | | 28 _|NC
CSPACK | 10 : : 21C_INC
oscCl | 11 _| 26 __NC
°0I0% T e o 5 3 e & & 8 A |
AN RANANANANANAT
85 ZR8%828%9%%
a3 aadadaglaedadds
%) 2} o
P0023-25
Figure 3. bq78PL116 Pinout
bg78PL116 TERMINAL FUNCTIONS
NAME NO. | TYPE® DESCRIPTION
CCBAT 1A Coulomb counter input (sense resistor), connect to battery negative
CCPACK 1A Coulomb counter input (sense resistor), connect to pack negative
CHG (0] Charge MOSFET control (active-high, low opens MOSFET)
CSBAT 9 1A Current sense input (safety), connect to battery negative
CSPACK 10 1A Current sense input (safety), connect to pack negative
DSG 2 (0] Discharge MOSFET control (active-high, low opens MOSFET)
EFCIC 4 | External charge MOSFET control input
EFCID 5 | External discharge MOSFET control input

(1) Types: | = Input, IA = Analog input, 10 = Input/Output, O = Output, P = Power
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bg78PL116 TERMINAL FUNCTIONS (continued)

NAME NO. | TYPE® DESCRIPTION
FIELD 29 (0] EPD field segment
LED1/SEG1 32 (0] LED1 - open-drain, active-low, LCD and EPD segment 1
LED2/SEG2 33 (0] LED2 — open-drain, active-low, LCD and EPD segment 2
LED3/SEG3 34 (0] LED3 - open-drain, active-low, LCD and EPD segment 3
LED4/SEG4 35 (0] LED4 — open-drain, active-low, LCD and EPD segment 4
LED5/SEG5 36 (0] LEDS5 - open-drain, active-low, LCD and EPD segment 5
N/C 26, 27 10 Connect 1-MQ resistor to VSS
N/C 28 (0] No connect
OSCI 11 | External oscillator input (no connect, internal oscillator used)
OSCO 12 (0] External oscillator output (no connect, internal oscillator used)
P1IN 15 (0] Charge-balance gate drive, cell 1 north
P2N 17 (0] Charge-balance gate drive, cell 2 north
P2S 16 (0] Charge-balance gate drive, cell 2 south
P3N 21 (0] Charge-balance gate drive, cell 3 north
P3S 20 (0] Charge-balance gate drive, cell 3 south
P4AN 23 (0] Charge-balance gate drive, cell 4 north
P4S 22 (0] Charge-balance gate drive, cell 4 south
P-LAN 24 10 PowerLAN 1/O to external bq76PL102 nodes
PRE 3 (0] Precharge MOSFET control (active-high)
PSH/BP/TP 31 10 Pushbutton detect for LED display, LCD backplane, EPD top plane and charge pump
RSTN 25 | Device reset, active-low
SDI1 14 | Connect to SDOO via a capacitor
SDI3 19 | Internal PowerLAN connection — connect to SDO2 through a 0.01-pF capacitor
SDOO0 13 (0] Requires 100-kQ pullup resistor to VLDO1
SDO2 18 (0] Internal PowerLAN connection — connect to SDI3 through a 0.01-yF capacitor
SMBCLK 37 10 SMBus clock signal
SMBDAT 38 10 SMBus data signal
SPROT 30 (0] Secondary protection output, active-high (FUSE)
V1 47 1A Cell-1 positive input
V2 44 1A Cell-2 positive input
V3 42 1A Cell-3 positive input
V4 39 1A Cell-4 positive input
VLDO1 8 P Internal LDO-1 output, bypass with 10-uF capacitor to VSS
VLDO2 43 P Internal LDO-2 output, bypass with 10-uF capacitor to V2
VSS 48 1A Cell-1 negative input
XT1 46 1A External temperature-sensor-1 input
XT2 45 1A External temperature-sensor-2 input
XT3 41 1A External temperature-sensor-3 input
XT4 40 1A External temperature-sensor-4 input
- - P Thermal pad. Connect to VSS
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ABSOLUTE MAXIMUM RATINGS®
over operating free-air temperature range (unless otherwise noted)

RANGE UNITS
Ta Operating free-air temperature (ambient) —40 to 85 °C
Tstg Storage temperature —65 to 150 °C
V4 Voltage range with respect to V3 -0.5t05.0
V3 Voltage range with respect to V2 -0.5t05.0
V2 Voltage range with respect to V1 -0.5t05.0
Vi Voltage range with respect to VSS -0.5t05.0
EFCIC, EFCID Voltage range with respect to VSS -0.5t05.0
LED1/SEG1—LED5/SEG5 Voltage on I/O pin with respect to VSS -0.5t05.0
SMBCLK, SMBDAT Voltage range with respect to VSS -0.510 6.0
VLDO1 Voltage with respect to VSS 3.0
VLDO2 Voltage range with respect to V2 3.0
RSTN Voltage range with respect to VSS -0.5to VLDO1 + 0.5

FIELD, SPROT, PSH/BP/TP

Voltage range with respect to VSS

—0.5to VLDO1 + 0.5

CCBAT, CCPACK, CSBAT, CSPACK

Voltage range with respect to VSS

—-0.5to VLDO1 + 0.5

CHG, DSG, PRE

Voltage range with respect to VSS

—0.5to VLDO1 + 0.5

I KK IKIKIK KKK KKK IK LK I I [ [ |

OSCl, OSCOo Voltage with respect to VSS -0.5to VLDO1 + 0.5

XT1, XT2 Voltage with respect to VSS -0.5to VLDO1 + 0.5

SDOO0 Voltage range with respect to VSS -0.5to VLDO1 + 0.5

XT3, XT4 Voltage range with respect to V2 —-0.5to VLDO2 + 0.5

SDO2, SDI3, P-LAN Voltage range with respect to V2 —-0.5to VLDO2 + 0.5

SDOO, SDI1 Voltage range with respect to VSS -05t0V1+0.5

P1N, P2S, P2N Voltage range with respect to VSS -05t0V1+0.5

P3S, P3N, P4S, P4N Voltage range with respect to V2 -0.5t0 V3 +0.5

PRE, CHG, DSG, SPROT, FIELD, Current source/sink 20 mA

PSH/BP/TP

LED1/SEG1-LED5/SEG5 Current source/sink 20 mA

VLDO1, VLDO2 Current source/sink 20 mA

ESD tolerance JEDEC, JESD22-A114 human-body model, R = 1500 Q, C = 2 kv
100 pF

Lead temperature, sodlering Total time < 3 seconds 300 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX | UNIT
All cell voltages equal, 4.5
four-cell operation 25 36
Vsup Supply voltage—V1, V2, V3, V4 All cell voltages equal, \%
three-cell operation (V3 = 2.8 3.6 4.5
V4)
Vstartup Minimum startup voltage—V1, V2, V3, V4 | All cell voltages equal 2.9 \%
VN Input cell voltage range—V(n+1) — V(n), n 4.5 \%
=1,23,4
CvLpo1 VLDO 1 capacitor—VLDO1 2.2 10 47 uF
CvLpo2 VLDO 2 capacitor—VLDO2 2.2 10 47 uF
Cvn Cell-voltage capacitor—Vn 1 uF
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ELECTRICAL CHARACTERISTICS
T, =—40°C to 85°C (unless otherwise noted)

DC Characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Ipp Operating-mode current (at Acrtive mode, cells = 3.6 V 400 MA
V2)
IstBY Standby-mode current (at V2) | SMBCLK = SMBDAT = VSS, Igat =0, 185 uA
cells=3.6 V
IsHip Ship-mode current (at V2) SMBCLK = SMBDAT = VSS, Igat =0, 85 MA
cells=3.6V
| Extreme cell undervoltage All cells < 2.7 V and any cell < ECUV set 1 A
ECUV  shutdown current point H
VoL SPROT, LEDEN, loL <4 mA 0 0.5 \Y
PSH/BP/TP(bq78PL116),
FIELD(bq78PL116)
Vouy @ SPROT, LEDEN, loy < —4 MA Vipo1— 0.1 \Y
PSH/BP/TP(bq78PL116),
FIELD(bq78PL116)
Vi SPROT, LEDEN, 0.25 Vi po1 \Y
PSH/BP/TP(bq78PL116),
FIELD(bq78PL116)
Viy SPROT, LEDEN, 0.75 Vipo1 \Y
PSH/BP/TP(bq78PL116),
FIELD(bq78PL116)
(1) Does not apply to SMBus pins.
Voltage-Measurement Characteristics
Ta =—-40°C to 85°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Measurement range 2.75 4.5 Y,
Resolution <1 mVv
1 25°C 13 17
Accuracy® mv
0°C to 60°C +10
Measurement temperature coefficient 160 180 200 | pvieC
(1) Voltage measurement calibrated at factory
Current-Sense Characteristics
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Measurement range Hardware gain = 9 -0.112 0.1 \%
Measurement range (SENSE1) 10-mQ sense resistor® -11.2 10 A
Measurement range (SENSE2) 3-mQ sense resistor (hardware gain = 13) -25.8 25.8 A
Measurement range (SENSE3) 1-mQ sense resistor @ -112 100 A
Input offset Tp=25°C 50 v
Offset drift Ta=0°C to 60°C 0.5 pv/eC
Resolution Hardware gain = 9 10 Y
Full-scale error® Ta=25°C +0.1%
Full-scale error drift Tp=0°C to 60°C 50 PPM/°C

(1) Default setting

(2) Measurement range beyond +32,768 mA requires the use of an SBData IPScale Factor.
(3) After calibration. Accuracy is dependent on system calibration and temperature coefficient of sense resistor.
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Coulomb-Count Characteristics® @

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Resolution 5 nVvh
Intergral nonlinearity 0.008%
Snap-to-zero (deadband) +100® Y

(1) Shares common input with current-sense section (CCBAT, CCPACK)
(2) After calibration. Accuracy is dependent on system calibration and temperature.
(3) Corresponds to £10 mA with 10-mQ sense resistor

Current-Sense (Safety) Characteristics®
over free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Measurement range -0.312 0.312 \%
Minimum threshold setting 25 42 mV
Accuracy® Short-circuit detection -20 20| mv
Overcurrent detection, charge and discharge -4 4
. Short-circuit detection 10
Resolution ; , mv
Overcurrent detection, charge and discharge 1.25
) Short-circuit detection 0.1 3.2
Duration - - ms
Overcurrent detection, charge and discharge 0.9 106

(1) After calibration. Accuracy is dependent on system calibration and temperature coefficient of sense resistor.

Internal Temperature-Sensor Characteristics®
over free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Measurement range -30 85 °C
Resolution 0.1 °C
Accuracy® 0° to 85° +2 °C

(1) After calibration. Accuracy is dependent on system calibration.

LDO Voltage Characteristics®

over free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP  MAX| UNIT
Vi po1 LDO1 operating voltage, referenced to Load =-200 pA 2.425 25 2575 \%
VSS
Vipo2 LDO2 operating voltage, referenced to V2 | Load = -2 mA 2.425 25 2575 \%

(1) After calibration. Accuracy is dependent on system calibration.

External Temperature-Sensor Characteristics
over free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Measurement range -40 90 °C
Resolution 0.2 °C
1 25° 12
Accuracy® 