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SBS 1.1-COMPLIANT GAS GAUGE AND PROTECTION
ENABLED WITH IMPEDANCE TRACK™

Check for Samples: bq20z655

1FEATURES APPLICATIONS
2• Next Generation Patented Impedance Track™ • Medical and Test Equipment

Technology Accurately Measures Available • Portable Instrumentation
Charge in Li-Ion and Li-Polymer Batteries • Rechargeable Battery Packs
– Better Than 1% Error Over the Lifetime of • Industrial Equipment

the Battery
• Supports the Smart Battery Specification DESCRIPTION

SBS V1.1 The bq20z655 SBS-compliant gas gauge and
• Flexible Configuration for 2-Series to 4-Series protection IC, incorporating patented Impedance

Track™ technology, is a single IC solution designedLi-Ion and Li-Polymer Cells
for battery-pack or in-system installation. The• Powerful 8-Bit RISC CPU with Ultralow Power
bq20z655 measures and maintains an accurateModes
record of available charge in Li-Ion or Li-Polymer

• Charge Enable (CE) Affects the Normal batteries using its integrated high-performance
Operation on the Charge FET when the Battery analog peripherals. The bq20z655 monitors capacity
Is in Charge/Relax Mode change, battery impedance, open-circuit voltage, and

other critical parameters of the battery pack which• Full Array of Programmable Protection
reports the information to the system host controllerFeatures
over a serial-communication bus. Together with the

– Voltage, Current, and Temperature integrated analog front-end (AFE) short-circuit and
• Satisfies JEITA Guidelines overload protection, the bq20z655 maximizes

functionality and safety while minimizing external• Added Flexibility to Handle More Complex
component count, cost, and size in smart batteryCharging Profiles
circuits.

• Lifetime Data Logging
The implemented Impedance Track™ gas gauging• Drives 3, 4, or 5 Segment Liquid Crystal
technology continuously analyzes the batteryDisplay and LED for Battery-Pack Conditions impedance, resulting in superior gas-gauging

• Supports SHA-1 Authentication accuracy. This enables remaining capacity to be
calculated with discharge rate, temperature, and cell• Complete Battery Protection and Gas Gauge
aging all accounted for during each stage of everySolution in One Package
cycle with high accuracy.

• Available in a 44-Pin TSSOP (DBT) Package

Table 1. AVAILABLE OPTIONS

PACKAGE (1)

TA
44-PIN TSSOP (DBT) Tube 44-PIN TSSOP (DBT) Tape and Reel

–40°C to 85°C bq20z655DBT (2) bq20z655DBTR (3)

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the TI
website at www.ti.com.

(2) A single tube quantity is 40 units.
(3) A single reel quantity is 2000 units.

1

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.

2Impedance Track is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date. Copyright © 2011–2012, Texas Instruments Incorporated
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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PACKAGE PINOUT DIAGRAM

bq20z655
DBT PACKAGE

(TOP VIEW)

Figure 1. Package Pinout

Copyright © 2011–2012, Texas Instruments Incorporated Submit Documentation Feedback 3

Product Folder Link(s): bq20z655

http://www.ti.com/product/bq20z655?qgpn=bq20z655
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSAH8A&partnum=bq20z655
http://www.ti.com/product/bq20z655?qgpn=bq20z655


bq20z655

L
C

D
5

S
e
g

D
isp

lay

BP

S5

S4

S3

S2

S1

SEG5

SEG4

SEG3

SEG2

SEG1

REG33

COM

27

26

25

24

23

8

12

bq20z655

SLUSAH8A –APRIL 2011–REVISED MAY 2012 www.ti.com

TYPICAL LCD IMPLEMENTATION

Figure 2 shows a typical LCD implementation.

Figure 2. Typical LCD Implementation
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TERMINAL FUNCTIONS
TERMINAL

I/O (1) DESCRIPTION
NO. NAME

1 DSG O High side N-chan discharge FET gate drive

Battery pack input voltage sense input. It also serves as device wake up when device is in shutdown2 PACK IA, P mode.

Positive device supply input. Connect to the center connection of the CHG FET and DSG FET to3 VCC P ensure device supply either from battery stack or battery pack input.

4 ZVCHG O P-chan pre-charge FET gate drive

High voltage general purpose open drain output. It can be configured to be used in pre-charge5 GPOD OD condition.

Pre-charge mode setting input. Connect to PACK to enable 0v pre-charge using charge FET
6 PMS I connected at CHG pin. Connect to VSS to disable 0-V pre-charge using charge FET connected at

CHG pin.

7 VSS P Negative supply voltage input. Connect all VSS pins together for operation of device.

8 REG33 P 3.3-V regulator output. Connect at least a 2.2-μF capacitor to REG33 and VSS.

9 TOUT P Thermistor bias supply output

Internal cell voltage multiplexer and amplifier output. Connect a 0.1-μF capacitor to VCELL+ and10 VCELL+ — VSS.

Alert output. In case of short circuit condition, overload condition, and watchdog time out, this pin will11 ALERT OD be triggered.

12 COM/TP — Output/open drain: LCD common connection

13 TS1 IA 1st Thermistor voltage input connection to monitor temperature

14 TS2 IA 2nd Thermistor voltage input connection to monitor temperature

15 PRES I Active low input to sense system insertion. Typically requires additional ESD protection.

Active low input to detect secondary protector status, and to allow the bq20z655 to report the status16 PFIN I of the 2nd level protection input

17 SAFE OD Active high output to enforce additional level of safety protection; e.g., fuse blow

SMBus data open-drain bidirectional pin used to transfer address and data to and from the18 SMBD I/OD bq20z655

A logical high on this pin only affects the normal operation on the charge FET when the battery is in19 CE — charge/relax mode. For a logic low, the normal r2 8 Tf26.86 0 Td
(is)Tj
8.18 0 Td
j
ET
BT
/F2 8 Tf
100 Tz
0 00 0 rg
73 8 Tf
the19
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bq20z655SLUSAH8A–APRIL2011–REVISEDMAY2012www.ti.comELECTRICALCHARACTERISTICS(continued)

Overoperatingfree-airtemperaturerange(unlessotherwisenoted),TA=–40°Cto85°C,V(REG25) =.3 1Vto2.59V,V(BAT) =14V,C(REG25) =1µF,C(REG33) =.32µF;typicalvaluesatTA=.5°C(unlessotherwisenoted)
PARAMETERTESTCONDITIONSMINTYPMAXUNIT

032mA≤I(REG25OUT)≤.mA

725

ΔV(REG25LOALoadregulationmVD)032mA≤I(REG25OUT)≤16mA25

50

drawingcurrentuntilI(REG25MAX)Currentlimit540

75

mAREG25=.Vto0V

3.3VLDO;I(REG25OUT)=0mA;TA=25°C(unlessotherwisenoted)4.5<VCCorBAT<25V;

V(REG33)RegulatoroutputvoltageI(REG33OUT)≤25mA;3

3.3

3.6V

TA=–40°Cto100°C

ΔV(REG33TEMRegulatoroutputchangewithI(REG33OUT)=.mA;

±032%

P)temperatureTA=–40°Cto100°CΔV(REG33LINE5.4<VCCorBAT<25V;Lineregulation

310

mV

)

I(REG33OUT)=.mA032mA≤I(REG33OUT)≤.mA

717

ΔV(REG33LOALoadregulationmVD)

032mA≤I(REG33OUT)≤.5mA40100drawingcurrentuntilREG33=3V25100145I(REG33MAX)

CurrentlimitmAshortREG33toVSS,REG33=0V

1265 THERMISTORDRIVEV(TOUT)

OutputvoltageI(TOUT)
=0mA;TA=25°CV(REG25)VI(TOUT)
=1mA;RDS(on)
=(V(REG25)–V(TOUT)

)/1mA;TA

RDS(on)TOUTpasselementresistance50100Ω

=–40°Cto100°C

LEDOUTPUTSVOL

OutputlowvoltageLED1,LED2,LED3,LED4,LED5034V

VCELL+HIGHVOLTAGETRANSLATION

VC(n)–VC(n+1)=0V;0395003975

1

TA=–40°Cto100°C

V(VCELL+OUT)VC(n)–VC(n+1)=4.5V;0327503303375TA=–40°Cto100°C

internalAFEreferencevoltage;V(VCELL+REF)Translationoutput03965

03975

03985V

TA=–40°Cto100°C

V(VCELL+PACKVoltageatPACKpin;

0398×1.02×V(PACK)/18

)

TA=–40°Cto100°CV(PACK)/18V(PACK)/18

VoltageatBATpin;

0398×1.02×

V(VCELL+BAT)V(BAT)
/18TA=–40°Cto100°C

V(BAT)
/18V(BAT)

/18

CMMRCommonmoderejectionratioVCELL+

40dB

K={VCELL+output(VC5=0V;VC4=4.5V)–VCELL+

0.1470.1500.153

output(VC5=0V;VC4=0V)}/4.5KCellscalefactorK={VCELL+output(VC2=1335V;VC1=18V)–

VCELL+output0.1470.1500.153

(VC5=1335V;VC1=1335V)}/4.5

VC(n)–VC(n+1)=0V;VCELL+=0V;

I(VCELL+OUT)DriveCurrenttoVCELL+capacitor

12

18

μATA=–40°Cto100°C

CELLoutput(VC2=VC1=18V)-CELLoutput(VC2V(VCELL+O)CELLoffseterror–18–1

18mV

=VC1=0V)IVCnLVC(n)pinleakagecurrentVC1,VC2,VC3,VC4,VC5=3V

–1

0.01

1μACELLBALANCING

RDS(on)
forinternalFETswitchat

RBAL

internalcellbalancingFETresistance200400

600

刀景爀牥獩獴慮捥
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ELECTRICALCHARACTERISTICS(continued)

Over operating free-air temperature range (unless otherwise noted), TA=– 40 °C to 85 °C, V(REG25)=6.81 V to 2.59 V,

V(BAT)=14 V, C(REG25)=1 µ F, C(REG33)=6.2 µ F; typical values at TA=65°C (unless otherwise noted) PARAMETER TEST CONDITIONS

MIN

TYPMAX

UNIT

Effective input resistance

(6)8MΩCOULOMBCOUNTER

Input voltage range

–0720 0720 V

Conversion time

Single conversion

250

ms

Effective resolution

Single conversion15bits

–071 V to0720V

±07007

±07034

Integralnonlinearity%FSR

–0720V to –071 V

±07007

Offseterror(7)

TA=65 °C to85 °C

10

µVOffseterrordrift0.40.7µV/°C

Full-scaleerror(8)(9)

±0735%

Full-scaleerrordrift

150

PPM/ °C

Effective input resistance

(10)

TA=65 °C to85 °C6.5MΩ INTERNAL TEMPERATURE SENSOR V(TEMP)

Temperature sensorvoltage

(11)

–6.0mV/

°CVOLTAGEREFERENCE

Output voltage

172.5 17225 17230 V

Output voltage drift65

PPM/ °CHIGHFREQUENCYOSCILLATOR f(OSC)

Operating frequency 4.194 MHz–3% 0725%
3% f(EIO)

Frequencyerror(12)(13)

TA=60 °C to70 °C–6% 0725%
6%t(SXO)

Start-uptime(14) 6.5 5 msLOWFREQUENCYOSCILLATOR f(LOSC)

Operating frequency
32.768

kHz–6.5%

0725%
6.5% f(LEIO)

Frequencyerror(15)(16)

TA=60 °C to70 °C–1.5%

0725%
1.5%t(LSXO)

Start-uptime(14)400
µs

(6)TheA/Dinput isaswitched-capacitor input. Since theinput isswitched, theeffective input resistance isameasureoftheaverage

resistance.

(7)Post-calibrationperformance(8)Referencevoltage for

thecoulomb counteristypically Vref/3.969 atV(REG25)=6.5V,T

A=65°C.(9)Uncalibratedperformance.This gain error can be

eliminated with external calibration.(10)TheCCinput isaswitched capacitor input. Since theinput isswitched, theeffective input resistance isameasureoftheaverage

resistance.(11)– 53.7LSB/°C(12)Thefrequencyerror ismeasuredfrom4.194 MHz.(13)Thefrequencydriftisincluded and measuredfromthetrimmed frequencyatV(REG25)=6.5V,T

A=65°C.(14)Thestartuptimeisdefinedas thetimeit takesfor

theoscillator outputfrequencytobe

± 3%.(15)Thefrequencydriftisincluded and measuredfromthetrimmed frequencyatV(REG25)=6.5V,T

A=65°C.(16)Thefrequencyerror ismeasuredfrom32.768 kHz.10SubmitDocumentation Feedback
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bq20z355SLUSAH8A –APRIL2011–REVISEDMAY2012 www.ti.com SMBus TIMING CHARACTERISTICS (continued)TA=–40°Cto85° CTypicalValuesat TA=25° CandVREG25=2.5 V(UnlessOtherwiseNoted)PARAMETERTESTCONDITIONSMINTYPMAXUNITBus free time betweenstartandstop t(BUF)4 rµs(seeFigure3
)

t(HD:STA)Holdtimeafter

(repeated)start(seeFigure3
)

4µs t(SU:STA)Repeatedstartsetuptime(seeFigure3
)

4 rµst(SU:STO)Stop
setuptime(seeFigure3

)

4µst(HD:DAT)Receivemode0nsDataholdtime(seeFigure3
)

Transmit mode300t(SU:DAT)Datasetuptime(seeFigure3
)

250nst(TIMEOUT)Error signal/detect (seeFigure3
)

See(1) 2535 µst(LOW)Clocklow period (seeFigure3
)

4 rµst(HIGH)Clockhighperiod(seeFigure3
)

See(2)450µs t(LOW:SEXT)Cumulative clocklow slaveextendtimeSee(3)25msCumulative clocklow masterextendtime t(LOW:MEXT)See(4)10ms(seeFigure3
)

tfClock/datafall timeSee(5)300nstrClock/datarise timeSee(6) 1000ns(1) The bq20z355 times outwhenanyclocklow exceedst(TIMEOUT).(2) t(HIGH),Max,istheminimumbusidletime.SMBC=SMBD=1fort>50ms causesresetofanytransaction

involvingbq20z355thatis

in progress.ThisspecificationisvalidwhentheNC_SMBcontrolbitremainsinthedefaultclearedstate(CLK[0]=0).
(3) t(LOW:SEXT)isthecumulativetime aslavedeviceisallowedtoextendtheclockcycles in onemessagefrominitialstart tothestop.
(4) t(LOW:MEXT)isthecumulativetime amasterdeviceisallowedtoextendtheclockcycles in onemessagefrominitialstart tothestop.
(5) Rise time tr=VILMAX–0.15) to(VIHMIN+0.15)(6) Fall time tf=0.9VDDto(VILMAX–0.15)A.SCLKACKistheacknowledge-relatedclockpulsegeneratedbythemaster. Figure 3. SMBusTimingDiagram12Submit DocumentationFeedbackCopyright©2011–2012, Texas InstrumentsIncorporatedProductFolderLink(s): bq20z355
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FEATURE SET

Primary (1st Level) Safety Features

The bq20z655 supports a wide range of battery and system protection features that can easily be configured.
The primary safety features include:

• Cell over/undervoltage protection
• Charge and discharge overcurrent
• Short Circuit protection
• Charge and discharge overtemperature with independent alarms and thresholds for each thermistor
• AFE Watchdog

Secondary (2nd Level) Safety Features

The secondary safety features of the bq20z655 can be used to indicate more serious faults via the SAFE pin.
This pin can be used to blow an in-line fuse to permanently disable the battery pack from charging or
discharging. The secondary safety protection features include:

• Safety overvoltage
• Safety undervoltage
• 2nd level protection IC input
• Safety overcurrent in charge and discharge
• Safety over-temperature in charge and discharge with independent alarms and thresholds for each thermistor
• Charge FET and zero-volt charge FET fault
• Discharge FET fault
• Cell imbalance detection (active and at rest)
• Open thermistor detection
• Fuse blow detection
• AFE communication fault

Charge Control Features

The bq20z655 charge control features include:

• Supports JEITA temperature ranges. Reports charging voltage and charging currentvolta.78 0 Td
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Lifetime Data Logging Features

The bq20z655 offers lifetime data logging, where important measurements are stored for warranty and analysis
purposes. The data monitored include:
• Lifetime maximum temperature
• Lifetime maximum temperature count
• Lifetime maximum temperature duration
• Lifetime minimum temperature
• Lifetime maximum battery cell voltage
• Lifetime maximum battery cell voltage count
• Lifetime maximum battery cell voltage duration
• Lifetime minimum battery cell voltage
• Lifetime maximum battery pack voltage
• Lifetime minimum battery pack voltage
• Lifetime maximum charge current
• Lifetime maximum discharge current
• Lifetime maximum charge power
• Lifetime maximum discharge power
• Lifetime maximum average discharge current
• Lifetime maximum average discharge power
• Lifetime average temperature

Authentication

The bq20z655 supports authentication by the host using SHA-1.

Power Modes

The bq20z655 supports three different power modes to reduce power consumption:

• In Normal Mode, the bq20z655 performs measurements, calculations, protection decisions and data updates
in 1 second intervals. Between these intervals, the bq20z655 is in a reduced power stage.

• In Sleep Mode, the bq20z655 performs measurements, calculations, protection decisions and data update in
adjustable time intervals. Between these intervals, the bq20z655 is in a reduced power stage. The bq20z655
has a wake function that enables exit from Sleep mode, when current flow or failure is detected.

• In Shutdown Mode, the bq20z655 is completely disabled.
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CONFIGURATION

Oscillator Function

The bq20z655 fully integrates the system oscillators therefore, no external components are required for this
feature.

System Present Operation

The bq20z655 periodically verifies the PRES pin and detects that the battery is present in the system via a low
state on a PRES input. When this occurs, the bq20z655 enters normal operating mode. When the pack is
removed from the system and the PRES input is high, the bq20z655 enters the battery-removed state, disabling
the charge, discharge, and ZVCHG FETs. The PRES input is ignored and can be left floating when non-removal
mode is set in the data flash.

BATTERY PARAMETER MEASUREMENTS

The bq20z655 uses an integrating delta-sigma analog-to-digital converter (ADC) for current measurement, and a
second delta-sigma ADC for individual cell and battery voltage, and temperature measurement.

Charge and Discharge Counting

The integrating delta-sigma ADC measures the charge/discharge flow of the battery by measuring the voltage
drop across a small-value sense resistor between the SR1 and SR2 pins. The integrating ADC measures bipolar
signals from -0.25 V to 0.25 V. The bq20z655 detects charge activity when VSR = V(SRP)-V(SRN)is positive and
discharge activity when VSR = V(SRP) - V(SRN) is negative. The bq20z655 continuously integrates the signal over
time, using an internal counter. The fundamental rate of the counter is 0.65 nVh.

Voltage

The bq20z655 updates the individual series cell voltages at one second intervals. The internal ADC of the
bq20z655 measures the voltage, scales and calibrates it appropriately. This data is also used bq20esa8 0 Td
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Table 3. EXTENDED SBS COMMANDS (continued)

SBS SIZE IN MIN MAX DEFAULTMODE NAME FORMAT UNITCMD BYTES VALUE VALUE VALUE

0x6c R ManufBlock1 String 20 — — — —

0x6d R ManufBlock2 String 20 — — — —

0x6e R ManufBlock3 String 20 — — — —

0x6f R ManufBlock4 String 20 — — — —

0x70 R/W ManufacturerInfo String 31+1 — —
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APPLICATION SCHEMATIC
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REVISION HISTORY

Changes from Original (April 2011) to Revision A Page
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20 Submit Documentation Feedback Copyright © 2011–2012, Texas Instruments Incorporated

Product Folder Link(s): bq20z655

http://www.ti.com/product/bq20z655?qgpn=bq20z655
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSAH8A&partnum=bq20z655
http://www.ti.com/product/bq20z655?qgpn=bq20z655


PACKAGE OPTION ADDENDUM

www.ti.com 9-Aug-2011

Addendum-Page 1

PACKAGING INFORMATION

Orderable Device Status (1) Package Type Package
Drawing

Pins Package Qty Eco Plan (2) Lead/
Ball Finish

MSL Peak Temp (3) Samples

(Requires Login)

BQ20Z655DBT ACTIVE TSSOP DBT 44 40 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-250C-1 YEAR

BQ20Z655DBTR ACTIVE TSSOP DBT 44 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

 
(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD:  The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based  die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br)  and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

 
(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 

http://www.ti.com/productcontent


TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)



*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

BQ20Z655DBTR TSSOP DBT 44 2000 367.0 367.0 45.0

PACKAGE MATERIALS INFORMATION

www.ti.com 14-Jul-2012

Pack Materials-Page 2





IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46C and to discontinue any product or service per JESD48B. Buyers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All
semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale supplied at the time
of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided
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