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System-SideImpedanceTrack™FuelGaugeWithDirectBatteryConnection

• Smartphones
23• BatteryFuelGaugefor1-SeriesLi-Ion

Applications • PDAs
• DigitalStillandVideoCameras• ResidesonSystemMainBoard
• HandheldTerminals–WorkswithEmbeddedorRemovable
• MP3orMultimediaPlayersBatteryPacks

–Uses PACK+ , PACK–,and T Battery
Terminals

–CanbePoweredDirectlyFromBatteryPack TheTexasInstrumentsbq27510system-sideLi-Ion
batteryfuelgaugeisamicrocontrollerperipheralthat(noLDOrequired)
providesfuelgaugingforsingle-cellLi-Ionbattery• Microcontroller PeripheralProvides:
packs.Thedevicerequireslittlesystem

–AccurateBatteryFuelGauging microcontrollerfirmwaredevelopment.Thebq27510
residesonthesystem’smainboardandmanagesan– BatteryLow InterruptWarning
embeddedbattery(non-removable)oraremovable– BatteryInsertion Indicator
batterypack.

–96BytesofNon-VolatileScratchPad
Thebq27510usesthepatentedImpedanceTrack™FLASH
algorithmforfuelgauging,andprovidesinformation• BatteryFuelGaugingBasedonPatented suchasremainingbatterycapacity(mAh),

ImpedanceTrack™Technology state-of-charge(%),run-timetoempty(min.),battery
–ModelsBatteryDischargeCurvefor voltage(mV),andtemperature(°C).

AccurateTime-To-EmptyPredictions
Batteryfuelgaugingwiththebq27510requiresonly

–Automatically AdjustsforBatteryAging, PACK+(P+),PACK–(P–),andThermistor(T)
BatterySelf-Discharge, and connectionstoaremovablebatterypackor
Temperature/RateInefficiencies embeddedbattery.

–Low-ValueSenseResistor(10m � orless)
• I2C™forConnection toSystem

Microcontroller Port
• Small12-pin2,5mm×4mmSONPackage

1

Pleasebeawarethatanimportantnoticeconcerningavailability,standardwarranty,anduseincriticalapplicationsofTexas
Instrumentssemiconductorproductsanddisclaimerstheretoappearsattheendofthisdatasheet.

2ImpedanceTrackisatrademarkofTexasInstruments.
3I2CisatrademarkofPhillipsCorporation.

PRODUCTIONDATAinformationiscurrentasofpublicationdate. Copyright©2009,TexasInstrumentsIncorporated
ProductsconformtospecificationsperthetermsoftheTexas
Instrumentsstandardwarranty.Productionprocessingdoesnot
necessarilyincludetestingofallparameters.
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DEVICEINFORMATION

AVAILABLEOPTIONS
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Thesedeviceshavelimitedbuilt-inESDprotection.Theleadsshouldbeshortedtogetherorthedeviceplacedinconductivefoam
duringstorageorhandlingtopreventelectrostaticdamagetotheMOSgates.

PARTNUMBER PACKAGE (1) TA COMMUNICATIONTAPEandREEL
FORMAT QUANTITY

bq27510DRZR-G1 3000
12-pin,2,5-mm×4-mmSON–40°Cto85°C I2C

bq27510DRZT-G1 250

(1)ForthemostcurrentpackageandorderinginformationseethePackageOptionAddendumattheendofthisdocument;or,seetheTI
websiteat www.ti.com.

TERMINALFUNCTIONS

TERMINALTYPE (1) DESCRIPTION

NAMENO.

BI/TOUT1I/OBattery-insertiondetectioninput.Powerpinforpackthermistornetwork.Thermistor-multiplexercontrol
pin.Push-pullI/O.Usewithpull-upresistor>1M � (1.8M � typical).

REG252P2.5VoutputvoltageoftheinternalintegratedLDO.Connecta0.47 µFceramiccapacitor.

REGIN3PTheinputvoltagefortheinternalintegratedLDO.Connecta0.1 µFceramiccapacitor.

BAT 4ICellvoltagemeasurementinput.ADCinput.

Vcc 5PProcessorpowerinput.The0.47 µFceramiccapacitorconnectedtoREG25shouldbeclosetoVcc.

Vss 6PDeviceground

SRP 7IAAnaloginputpinconnectedtotheinternalcoulombcounterwhereSRPisnearestthesystemPACK–
connection.Connectto5-m � to20-m � senseresistor.

SRN 8IAAnaloginputpinconnectedtotheinternalcoulombcounterwhereSRNisnearesttheVssconnection.
Connecttoa5-m  to20-m  senseresistor.

TS 9IAPackthermistorvoltagesense(use103AT-typethermistor).ADCinput

SDA 10I/OSlaveI 2Cserialcommunicationsdatalineforcommunicationwithsystem(Master).Open-drainI/O.
Usewith10-k � pull-upresistor(typical).

SCL 11ISlaveI 2Cserialcommunicationsclockinputlineforcommunicationwithsystem(Master).Open-drain
I/O.Usewith10-k � pull-upresistor(typical).

BAT_LOW/12OBattery-goodorBattery-lowoutputindicator.DesiredfunctionpolarityselectedthroughtheOperation
BAT_GD Configurationregister.Open-drainoutput

(1)I/O=Digitalinput/output;IA=Analoginput;P=Powerconnection.

2 SubmitDocumentationFeedback Copyright©2009,TexasInstrumentsIncorporated

ProductFolderLink(s): bq27510-G1

Not Recommended For New Designs

   Downloaded from Datasheet.su           Downloaded from Datasheet.su           



ELECTRICALSPECIFICATIONS

ABSOLUTEMAXIMUMRATINGS

DISSIPATIONRATINGS

RECOMMENDEDOPERATINGCONDITIONS

POWER-ONRESET

bq27510-G1
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overoperatingfree-airtemperaturerange(unlessotherwisenoted) (1)

VALUE UNIT

VREGIN Regulatorinputvoltage –0.3to24 V

VCC Supplyvoltagerange –0.3to2.75 V

VIOD Open-drainI/Opins(SDA,SCL,BAT_LOW/BAT_GD) –0.3to6 V

VBAT BATinputpin –0.3to6 V

VI Inputvoltagerangetoallotherpins(TS,SRP,SRN,BI/TOUT) –0.3toV CC +0.3V

TF Functionaltemperaturerange –40to100 °C

TSTG Storagetemperaturerange –65to150 °C

HumanBodyModel(HBM),BATpin 1.5
ESD KV

HumanBodyModel(HBM),allotherpins 2

(1)Stressesbeyondthoselistedunder absolutemaximumratings maycausepermanentdamagetothedevice.Thesearestressratings
only,andfunctionaloperationofthedeviceattheseoranyotherconditionsbeyondthoseindicatedunder recommendedoperating
conditions isnotimplied.Exposuretoabsolute-maximum-ratedconditionsforextendedperiodsmayaffectdevicereliability.

PACKAGE TA � 40°C DERATINGFACTOR RθJA
POWERRATING TA � 40°C

12-pinDRZ (1) 482mW 5.67mW/°C 176°C/W

(1)Thisdataisbasedonusinga4-layerJEDEChigh-KboardwiththeexposeddiepadconnectedtoaCupadontheboard.Theboard
padisconnectedtothegroundplanebya2-x2-viamatrix.

TA =25°CandV REGIN +=V BAT =3.6V(unlessotherwisenoted)

PARAMETER TESTCONDITION MINTYPMAXUNIT

VREGIN Supplyvoltage Nooperatingrestrictions 2.7 5.5
V

NoFLASHwrites 2.45 2.7

ICC Normaloperatingmodecurrent FuelgaugeinNORMALmode, 103 µA
ILOAD > SleepCurrent

ISLP Low-poweroperatingmodecurrent FuelgaugeinSLEEPmode. 18 µA
ILOAD < SleepCurrent

IHIB Hibernateoperatingmodecurrent FuelgaugeinHIBERNATEmode. 4 µA
ILOAD < HibernateCurrent

VOL Outputvoltagelow(Pins1,10,11,12)I OL =3mA 0.4V

VOH(PP) Outputhighvoltage(Pin1) IOH =–1mA VCC–0.5 V

VOH(OD) Outputhighvoltage(Pins10,11,12) Externalpull-upresistorconnectedtoVcc VCC–0.5 V

VIL Inputvoltagelow(Pins1,10,11,12) –0.3 0.6V

VIH(OD) Inputvoltagehigh(Pins1,10,11,12) 1.2 6V

VA1 Inputvoltagerange(TS) VSS–0.125 2V

VA2 Inputvoltagerange(BAT) VSS–0.125 5V

VA3 Inputvoltagerange(SRP,SRN) VSS–0.125 0.125V

tPUCD Power-upcommunicationdelay 250 ms

TA =–40°Cto85°C,C REG =0.47 µF,2.45V<V REGIN =V BAT <5.5V;typicalvaluesatT A =25°CandV REGIN =V BAT =3.6V
(unlessotherwisenoted)

PARAMETER TESTCONDITIONS MINTYPMAXUNIT

VIT+ Positive-goingbatteryvoltageinputatV CC 2.052.202.31V

VHYS Power-onresethysteresis 45115185mV

Copyright©2009,TexasInstrumentsIncorporated SubmitDocumentationFeedback 3
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2.5VLDOREGULATOR (1)

INTERNALTEMPERATURESENSORCHARACTERISTICS

HIGHFREQUENCYOSCILLATOR
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TA =–40°Cto85°C,C REG =0.47 µF,2.45V<V REGIN =V BAT <5.5V;typicalvaluesatT A =25°CandV REGIN =V BAT =3.6V
(unlessotherwisenoted)

PARAMETER TESTCONDITION MINNOMMAXUNIT

2.7V � VREGIN � 5.5V, TA =–40°Cto85°C2.422.482.57V
IOUT � 16mA

VREG25 Regulatoroutputvoltage
2.45V � VREGIN <2.7V(lowT A =–40°Cto85°C2.40 V
battery),I OUT � 3mA

2.7V,I OUT � 16mA TA =–40°Cto85°C 280mV
VDO Regulatordropoutvoltage

2.45V,I OUT � 3mA 50

ûVREGTEMP RegulatoroutputchangeV REGIN =3.6V,I OUT =16mAT A =–40°Cto85°C 0.3%
withtemperature

ûVREGLINE Lineregulation 2.7V � VREGIN � 5.5V,I OUT =16mA 1125mV

ûVREGLOAD Loadregulation 0.2mA � IOUT � 3mA,V REGIN =2.45V 3440mV

3mA � IOUT � 16mA,V REGIN =2.7V 31

ISHORT
(2) ShortcircuitcurrentlimitV REG25 =0V TA =–40°Cto85°C 250mA

(1)LDOoutputcurrent,IOUT,isthesumofinternalandexternalloadcurrents.
(2)Assuredbydesign.Notproductiontested.

TA =–40°Cto85°C,C REG =0.47 µF,2.45V<V REGIN =V BAT <5.5V;typicalvaluesatT A =25°CandV REGIN =V BAT =3.6V
(unlessotherwisenoted)

PARAMETER TESTCONDITIONS MINTYPMAXUNIT

GTEMP Temperaturesensorvoltagegain –2 mV/°C

TA =–40°Cto85°C,C REG =0.47 µF,2.45V<V REGIN =V BAT <5.5V;typicalvaluesatT A =25°CandV REGIN =V BAT =3.6V
(unlessotherwisenoted)

PARAMETER TESTCONDITIONS MINTYPMAXUNIT

fOSC Operatingfrequency 2.097 MHz

TA =0°Cto60°C –2.0%0.38%2.0%

fEIO Frequencyerror (1)(2) TA =–20°Cto70°C –3.0%0.38%3.0%

TA =–40°Cto85°C -4.5%0.38%4.5%

tSXO Start-uptime (3) 2.55ms

(1)Thefrequencyerrorismeasuredfrom2.097MHz.
(2)ThefrequencydriftisincludedandmeasuredfromthetrimmedfrequencyatV CC =2.5V,T A =25°C.
(3)Thestartuptimeisdefinedasthetimeittakesfortheoscillatoroutputfrequencytobe±3%oftypicaloscillatorfrequency.
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LOWFREQUENCYOSCILLATOR

INTEGRATINGADC(COULOMBCOUNTER)CHARACTERISTICS

ADC(TEMPERATUREANDCELLMEASUREMENT)CHARACTERISTICS

DATAFLASHMEMORYCHARACTERISTICS
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TA =–40°Cto85°C,C REG =0.47 µF,2.45V<V REGIN =V BAT <5.5V;typicalvaluesatT A =25°CandV REGIN =V BAT =3.6V
(unlessotherwisenoted)

PARAMETER TESTCONDITIONS MINTYPMAXUNIT

fOSC Operatingfrequency 32.768 KHz

TA =0°Cto60°C –1.5%0.25%1.5%

fEIO Frequencyerror (1)(2) TA =–20°Cto70°C –2.5%0.25%2.5%

TA =–40°Cto85°C -4.0%0.25%4.0%

tSXO Start-uptime (3) 500 µs

(1)ThefrequencydriftisincludedandmeasuredfromthetrimmedfrequencyatV CC =2.5V,T A =25°C.
(2)Thefrequencyerrorismeasuredfrom32.768KHz.
(3)Thestartuptimeisdefinedasthetimeittakesfortheoscillatoroutputfrequencytobe±3%oftypicaloscillatorfrequency.

TA =–40°Cto85°C,C REG =0.47 µF,2.45V<V REGIN =V BAT <5.5V;typicalvaluesatT A =25°CandV REGIN =V BAT =3.6V
(unlessotherwisenoted)

PARAMETER TESTCONDITIONSMINTYPMAXUNIT

VSR_IN Inputvoltagerange,V (SRN) andV (SRP) VSR =V (SRN) –V (SRP) –0.125 0.125V

tSR_CONV Conversiontime Singleconversion 1 s

Resolution 14 15bits

VSR_OS Inputoffset 140 µV

INL Integralnonlinearityerror ±0.007±0.034FSR

ZSR_IN Effectiveinputresistance (1) 2.5 M�

ISR_LKG Inputleakagecurrent (1) 0.3 µA

(1)Assuredbydesign.Notproductiontested.

TA =–40°Cto85°C,C REG =0.47 µF,2.45V<V REGIN =V BAT <5.5V;typicalvaluesatT A =25°CandV REGIN =V BAT =3.6V
(unlessotherwisenoted)

PARAMETER TESTCONDITIONS MINTYPMAXUNIT

VADC_IN Inputvoltagerange –0.2 1V

tADC_CONV Conversiontime 125ms

Resolution 14 15bits

VADC_OS Inputoffset 1 mV

ZADC1 Effectiveinputresistance(TS) (1) 8 M�

ZADC2 Effectiveinputresistance(BAT) (1) bq27510notmeasuringcellvoltage 8 M�

bq27510measuringcellvoltage 100 k�

IADC_LKG Inputleakagecurrent (1) 0.3 µA

(1)Assuredbydesign.Notproductiontested.

TA =–40°Cto85°C,C REG =0.47 µF,2.45V<V REGIN =V BAT <5.5V;typicalvaluesatT A =25°CandV REGIN =V BAT =3.6V
(unlessotherwisenoted)

PARAMETER TESTCONDITIONSMINTYPMAXUNIT

tDR Dataretention (1) 10 Years

Flashprogrammingwrite-cycles (1) 20,000 Cycles

tWORDPROG) Wordprogrammingtime (1) 2ms

ICCPROG) Flash-writesupplycurrent (1) 510mA

(1)Assuredbydesign.Notproductiontested.

Copyright©2009,TexasInstrumentsIncorporated SubmitDocumentationFeedback 5

ProductFolderLink(s): bq27510-G1

Not Recommended For New Designs

   Downloaded from Datasheet.su           Downloaded from Datasheet.su           



I2C-COMPATIBLEINTERFACECOMMUNICATIONTIMINGCHARACTERISTICS

tSU(STA)
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SDA
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tf tr t(BUF)
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REPEATED
START

th(DAT) tsu(DAT)

tf tsu(STOP)

STOP START
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TA =–40°Cto85°C,2.4V<V CC <2.6V;typicalvaluesatT A =25°CandV CC =2.5V(unlessotherwisenoted)

PARAMETER TESTCONDITIONSMINTYPMAXUNIT

tr SCL/SDArisetime 300ns

tf SCL/SDAfalltime 300ns

tw(H) SCLpulsewidth(high) 600 ns

tw(L) SCLpulsewidth(low) 1.3 µs

tsu(STA) Setupforrepeatedstart 600 ns

td(STA) StarttofirstfallingedgeofSCL 600 ns

tsu(DAT) Datasetuptime 100 ns

th(DAT) Dataholdtime 0 ns

tsu(STOP) Setuptimeforstop 600 ns

tBUF Busfreetimebetweenstopandstart 66 µs

fSCL Clockfrequency 400kHz

Figure1.I 2C-CompatibleInterfaceTimingDiagrams
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GENERALDESCRIPTION
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Thebq27510accuratelypredictsthebatterycapacityandotheroperationalcharacteristicsofasingleLi-based
rechargeablecell.Itcanbeinterrogatedbyasystemprocessortoprovidecellinformation,suchas
state-of-charge(SOC),time-to-empty(TTE)andtime-to-full(TTF).

Informationisaccessedthroughaseriesofcommands,called StandardCommands.Furthercapabilitiesare
providedbytheadditional ExtendedCommands set.Bothsetsofcommands,indicatedbythegeneralformat
Command(),areusedtoreadandwriteinformationcontainedwithinthebq27510controlandstatusregisters,
aswellasitsdataflashlocations.Commandsaresentfromsystemtogaugeusingthebq27510’sI 2Cserial
communicationsengine,andcanbeexecutedduringapplicationdevelopment,packmanufacture,or
end-equipmentoperation.

Cellinformationisstoredinthebq27510innon-volatileflashmemory.Manyofthesedataflashlocationsare
accessibleduringapplicationdevelopment.Theycannot,generally,beaccesseddirectlyduringend-equipment
operation.Accesstotheselocationsisachievedbyeitheruseofthebq27510’scompanionevaluationsoftware,
throughindividualcommands,orthroughasequenceofdata-flash-accesscommands.Toaccessadesireddata
flashlocation,thecorrectdataflashsubclassandoffsetmustbeknown.

Thebq27510provides96bytesofuser-programmabledataflashmemory,partitionedinto332-byteblocks:
ManufacturerInfoBlockA,ManufacturerInfoBlockB,and ManufacturerInfoBlockC.Thisdataspaceis
accessedthroughadataflashinterface.Forspecificsonaccessingthedataflash,seesection Manufacturer
InformationBlocks.

Thekeytothebq27510’shigh-accuracygasgaugingpredictionisTexasInstrument’sproprietaryImpedance
Track™algorithm.Thisalgorithmusescellmeasurements,characteristics,andpropertiestocreate
state-of-chargepredictionsthatcanachievelessthan1%erroracrossawidevarietyofoperatingconditionsand
overthelifetimeofthebattery.

Thebq27510measurescharge/dischargeactivitybymonitoringthevoltageacrossasmall-valueseriessense
resistor(5m� to20m � typ.)locatedbetweenthesystem’sVssandthebattery’sPACK–terminal.Whenacell
isattachedtothebq27510,cellimpedanceiscomputed,basedoncellcurrent,cellopen-circuitvoltage(OCV),
andcellvoltageunderloadingconditions.

Thebq27510externaltemperaturesensingisoptimizedwiththeuseofahighaccuracynegativetemperature
coefficient(NTC)thermistorwithR 25 =10.0k� ±1%.B25/85=3435K±1%(suchasSemitecNTC103AT).The
bq27510canalsobeconfiguredtouseitsinternaltemperaturesensor.Whenanexternalthermistorisused,a
18.2kpullupresistorbetweenBT/TOUTandTSpinsisalsorequired.Thebq27510usestemperaturetomonitor
thebattery-packenvironment,whichisusedforfuelgaugingandcellprotectionfunctionality.

Tominimizepowerconsumption,thebq27510hasseveralpowermodes:NORMAL,SLEEP,HIBERNATE,and
BATINSERTCHECK.Thebq27510passesautomaticallybetweenthesemodes,dependinguponthe
occurrenceofspecificevents,thoughasystemprocessorcaninitiatesomeofthesemodesdirectly.Moredetails
canbefoundinSection PowerModes.

NOTE:

FORMATTINGCONVENTIONSINTHISDOCUMENT:
Commands: italics with parentheses andnobreakingspaces,e.g.
RemainingCapacity().
DataFlash: italics, bold ,and breakingspaces,e.g. DesignCapacity .
Registerbitsandflags:bracketsand italics, e.g.[TDA]
Dataflashbits:brackets, italics and bold , e.g: [LED1]
Modesandstates:ALLCAPITALS,e.g.UNSEALEDmode.
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DATACOMMANDS

StandardDataCommands
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Thebq27510usesaseriesof2-bytestandardcommandstoenablesystemreadingandwritingofbattery
information.Eachstandardcommandhasanassociatedcommand-codepair,asindicatedin Table1 .Because
eachcommandconsistsoftwobytesofdata,twoconsecutiveI 2Ctransmissionsmustbeexecutedbothto
initiatethecommandfunction,andtoreadorwritethecorrespondingtwobytesofdata.Additionaloptionsfor
transferringdata,suchasspooling,aredescribedinSection, I2CINTERFACE.Standardcommandsare
accessibleinNORMALoperation.Read/Writepermissionsdependontheactiveaccessmode,SEALEDor
UNSEALED(fordetailsontheSEALEDandUNSEALEDstates,refertoSection AccessModes.)

Table1.StandardCommands

NAME COMMANDCODEUNITSSEALEDACCESSUNSEALEDACCESS

Control() CNTL 0x00/0x01 N/A R/W R/W

AtRate() AR 0x02/0x03 mA R/W R/W

AtRateTimeToEmpty() ARTTE0x04/0x05Minutes R R/W

Temperature() TEMP 0x06/0x07 0.1K R R/W

Voltage() VOLT 0x08/0x09 mV R R/W

Flags() FLAGS0x0a/0x0b N/A R R/W

NominalAvailableCapacity() NAC 0x0c/0x0d mAh R R/W

FullAvailableCapacity() FAC 0x0e/0x0f mAh R R/W

RemainingCapacity() RM 0x10/0x11 mAh R R/W

FullChargeCapacity() FCC 0x12/0x13 mAh R R/W

AverageCurrent() AI 0x14/0x15 mA R R/W

TimeToEmpty() TTE 0x16/0x17Minutes R R/W

TimeToFull() TTF 0x18/0x19Minutes R R/W

StandbyCurrent() SI 0x1a/0x1b mA R R/W

StandbyTimeToEmpty() STTE 0x1c/0x1dMinutes R R/W

MaxLoadCurrent() MLI 0x1e/0x1f mA R R/W

MaxLoadTimeToEmpty() MLTTE0x20/0x21Minutes R R/W

AvailableEnergy() AE 0x22/0x23mWhr R R/W

AveragePower() AP 0x24/0x25 mW R R/W

TTEatConstantPower() TTECP0x26/0x27Minutes R R/W

Reserved RSVD 0x28/0x29 N/A R R/W

CycleCount() CC 0x2a/0x2bCounts R R/W

StateOfCharge() SOC 0x2c/0x2d % R R/W

Control():0x00/0x01

Issuinga Control() commandrequiresasubsequent2-bytesubcommand.Theseadditionalbytesspecifythe
particularcontrolfunctiondesired.The Control() commandallowsthesystemtocontrolspecificfeaturesofthe
bq27510duringnormaloperationandadditionalfeatureswhenthebq27510isindifferentaccessmodes,as
describedin Table2 .

Table2. Control() Subcommands

CNTLFUNCTIONCNTLDATASEALEDDESCRIPTION
ACCESS

CONTROL_STATUS0x0000YesReportsthestatusofDFChecksum,Hibernate,IT,etc.

DEVICE_TYPE 0x0001YesReportsthedevicetype(bq27510)

FW_VERSION 0x0002YesReportsthefirmwareversiononthedevicetype

HW_VERSION 0x0003YesReportsthehardwareversionofthedevicetype

DF_CHECKSUM 0x0004NoEnablesadataflashchecksumtobegeneratedandreportsonaread

RESET_DATA 0x0005NoReturnsresetdata

8 SubmitDocumentationFeedback Copyright©2009,TexasInstrumentsIncorporated
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Table2. Control() Subcommands (continued)

CNTLFUNCTIONCNTLDATASEALEDDESCRIPTION
ACCESS

Reserved 0x0006NoNottobeused

PREV_MACWRITE 0x0007NoReturnspreviousMACcommandcode

CHEM_ID 0x0008YesReportsthechemicalidentifieroftheImpedanceTrack™configuration

BOARD_OFFSET 0x0009NoForcesthedevicetomeasureandstoretheboardoffset

CC_INT_OFFSET 0x000aNoForcesthedevicetomeasuretheinternalCCoffset

WRITE_CC_OFFSET0x000bNoForcesthedevicetostoretheinternalCCoffset

SET_HIBERNATE 0x0011YesForcesCONTROL_STATUS[ HIBERNATE]to1

CLEAR_HIBERNATE0x0012YesForcesCONTROL_STATUS[ HIBERNATE]to0

SEALED 0x0020NoPlacesthebq27510inSEALEDaccessmode

IT_ENABLE 0x0021NoEnablestheImpedanceTrack™algorithm

IF_CHECKSUM 0x0022NoReportstheinstructionflashchecksum

CAL_MODE 0x0040NoPlacesthebq27510incalibrationmode

RESET 0x0041NoForcesafullresetofthebq27510

CONTROL_STATUS:0x0000

Instructsthefuelgaugetoreturnstatusinformationtocontroladdresses0x00/0x01.Thestatuswordincludesthe
followinginformation.

Table3.CONTROL_STATUSBitDefinitions

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

HighByte– FAS SS CSVCCABCA – –

LowByte–HIBERNATE– SLEEPLDMDRUP_DISVOKQEN

FAS=Statusbitindicatingthebq27510isinFULLACCESSSEALEDstate.Activewhenset.

SS=Statusbitindicatingthebq27510isintheSEALEDState.Activewhenset.

CSV=Statusbitindicatingavaliddataflashchecksumhasbeengenerated.Activewhenset.

CCA=Statusbitindicatingthebq27510coulombcountercalibrationroutine.Activewhenset.

BCA=Statusbitindicatingthebq27510boardcalibrationroutineisactive.Activewhenset.

HIBERNATE=StatusbitindicatingarequestforentryintoHIBERNATEfromSLEEPmode.Truewhenset.Defaultis0.

SLEEP=Statusbitindicatingthebq27510isinSLEEPmode.Truewhenset.

LDMD=Statusbitindicatingthebq27510ImpedanceTrack™algorithmusing constant-power mode.Truewhenset.Defaultis0
(constant-current mode).

RUP_DIS=Statusbitindicatingthebq27510Ratableupdatesdisabled.Truewhenset

VOK=StatusbitindicatingcellvoltagesareOKforQmaxupdates.Truewhenset.

QEN=Statusbitindicatingthebq27510Qmaxupdatesenabled.Truewhenset.

DEVICE_TYPE:0x0001

Instructsthefuelgaugetoreturnthedevicetypetoaddresses0x00/0x01.

FW_VERSION:0x0002

Instructsthefuelgaugetoreturnthefirmwareversiontoaddresses0x00/0x01.

HW_VERSION:0x0003

Instructsthefuelgaugetoreturnthehardwareversiontoaddresses0x00/0x01.

DF_CHECKSUM:0x0004

Instructsthefuelgaugetocomputethechecksumofthedataflashmemory.Thechecksumvalueiswrittenand
returnedtoaddresses0x00/0x01(UNSEALEDmodeonly).ThechecksumwillnotbecalculatedinSEALED
mode;however,thechecksumvaluecanstillberead.
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RESET_DATA:0x0005

Instructsthefuelgaugetoreturntheresetdatatoaddresses0x00/0x01,withthelowbyte(0x00)beingthe
numberoffullresetsandthehighbyte(0x01)thenumberofpartialresets.

PREV_MACWRITE:0x0007

Instructsthefuelgaugetoreturnthepreviouscommandwrittentoaddresses0x00/0x01.

CHEM_ID:0x0008

InstructsthefuelgaugetoreturnthechemicalidentifierfortheImpedanceTrack™configurationtoaddresses
0x00/0x01.

BOARD_OFFSET:0x0009

Instructsthefuelgaugetocomputethecoulombcounteroffsetwithinternalshortandthenwithoutinternalshort
appliedacrosstheSRinputs.Thedifferencebetweenthetwomeasurementsistheboardoffset.Afteradelayof
approximately32seconds,thisoffsetvalueisreturnedtoaddresses0x00/0x01andwrittentodataflash.The
CONROLSTATUS[BCA]isalsoset.Theusermustpreventanychargeordischargecurrentfromflowingduring
theprocess.ThisfunctionisonlyavailablewhenthefuelgaugeisUNSEALED.WhenSEALED,thiscommand
onlyreadsbacktheboard-offsetvaluestoredindataflash.

CC_INT_OFFSET:0x000A

Controldataof0x000ainstructsthefuelgaugetocomputethecoulombcounteroffsetwithinternalshortapplied
acrosstheSRinputs.Theoffsetvalueisreturnedtoaddresses0x00/0x01,afteradelayofapproximately16
seconds.ThisfunctionisonlyavailablewhenthefuelgaugeisUNSEALED.WhenSEALED,thiscommandonly
readsbacktheCC_INT_OFFSETvaluestoredindataflash.

WRITE_OFFSET:0x000B

Controldataof0x000bcausesthefuelgaugetowritethecoulombcounteroffsettodataflash.

SET_HIBERNATE:0x0011

InstructsthefuelgaugetoforcetheCONTROL_STATUS[HIBERNATE]bitto1.Thisallowsthegaugetoenter
theHIBERNATEpowermodeafterthetransitiontoSLEEPpowerstateisdetected.The[HIBERNATE]bitis
automaticallycleareduponexitingfromHIBERNATEmode.

CLEAR_HIBERNATE:0x0012

InstructsthefuelgaugetoforcetheCONTROL_STATUS[HIBERNATE]bitto0.Thispreventsthegaugefrom
enteringtheHIBERNATEpowermodeafterthetransitiontoSLEEPpowerstateisdetected.Itcanalsobeused
toforcethegaugeoutofHIBERNATEmode.

SEALED:0x0020

InstructsthefuelgaugetotransitionfromUNSEALEDstatetoSEALEDstate.Thefuelgaugeshouldalwaysbe
settoSEALEDstateforuseinendequipment.

IT_ENABLE:0x0021

ThiscommandforcesthefuelgaugetobegintheImpedanceTrack™algorithm,setstheactiveUpdateStatusn
locationto0x01andcausesthe[VOK]and[QEN]flagstobesetintheCONTROL_STATUSregister.[VOK]is
clearedifthevoltagesarenotsuitableforaQmaxupdate.Onceset,[QEN]cannotbecleared.Thiscommandis
onlyavailablewhenthefuelgaugeisUNSEALED.

IF_CHECKSUM:0x0022

Thiscommandinstructsthefuelgaugetocomputetheinstructionflashchecksum.Whenthechecksumhas
beencalculatedandstored,thenCONTROL_STATUS[CVS]isset.InUNSEALEDmode,thechecksumvalueis
returnedtoaddresses0x00/0x01.ThechecksumwillnotbecalculatedinSEALEDmode;however,the
checksumvaluecanstillberead.
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CAL_MODE:0x0040

Thiscommandinstructsthefuelgaugetoentercalibrationmode.Thiscommandisonlyavailablewhenthefuel
gaugeisUNSEALED.

RESET:0x0041

Thiscommandinstructsthefuelgaugetoperformafullreset.Thiscommandisonlyavailablewhenthefuel
gaugeisUNSEALED.

AtRate():0x02/0x03

TheAtRate()read-/write-wordfunctionisthefirsthalfofatwo-functioncommandsetusedtosettheAtRate
valueusedincalculationsmadebytheAtRateTimeToEmpty()function.TheAtRate()unitsareinmA.

The AtRate() valueisasignedinteger,withnegativevaluesinterpretedasadischargecurrentvalue.The
AtRateTimeToEmpty() functionreturnsthepredictedoperatingtimeattheAtRatevalueofdischarge.The
defaultvaluefor AtRate() iszeroandwillforce AtRate() toreturn65,535.Boththe AtRate() and
AtRateTimeToEmpty() commandsshouldonlybeusedinNORMALmode.

AtRateTimeToEmpty( ):0x04/0x05

Thisread-wordfunctionreturnsanunsignedintegervalueofthepredictedremainingoperatingtimeifthebattery
isdischargedatthe AtRate() valueinminuteswitharangeof0to65,534.Avalueof65,535indicates AtRate()
=0.Thefuelgaugeupdates AtRateTimeToEmpty() within1safterthesystemsetsthe AtRate() value.Thefuel
gaugeautomaticallyupdates AtRateTimeToEmpty() basedonthe AtRate() valueevery1s.Boththe AtRate()
and AtRateTimeToEmpty() commandsshouldonlybeusedinNORMALmode.

Temperature():0x06/0x07

Thisread-wordfunctionreturnsanunsignedintegervalueofthebatterytemperatureinunitsof0.1Kmeasured
bythefuelgauge.

Voltage():0x08/0x09

Thisread-wordfunctionreturnsanunsignedintegervalueofthemeasuredcell-packvoltageinmVwitharange
of0to6000mV.

Flags():0x0a/0x0b

Thisread-wordfunctionreturnsthecontentsofthegas-gaugestatusregister,depictingthecurrentoperating
status.

Table4.FlagsBitDefinitions

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

HighByteOTCOTD – –CHG_INHXCHGFC CHG

LowByte– –OCV_GDWAIT_IDBAT_DETSOC1SOCFDSG

OTC=Over-Temperatureinchargeconditionisdetected.Truewhenset.

OTD=Over-Temperatureindischargeconditionisdetected.Truewhenset.

CHG_INH=ChargeInhibit:unabletobegincharging(tempoutsidetherange [ChargeInhibitTempLow,ChargeInhibitTempHigh] ).
Truewhenset.

ChargeSuspendAlert(tempoutsidetherange [SuspendTemperatureLow,SuspendTemperatureHigh] ).TruewhenXCHG= set.

FC=Full-chargedconditionreached.Truewhenset.

CHG=(Fast)chargingallowed.Truewhenset.

OCV_GD=GoodOCVmeasurementtaken.Truewhenset.

WAIT_ID=Waitingtoidentifyinsertedbattery.Truewhenset.

BAT_DET=Batterydetected.Truewhenset.

SOC1=State-of-Charge-Threshold1 (SOC1Set) reached.Truewhenset.

SOCF=State-of-Charge-ThresholdFinal (SOCFSet%) reached.Truewhenset.
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DSG=Dischargingdetected.Truewhenset.

NominalAvailableCapacity( ):0x0c/0x0d

Thisread-onlycommandpairreturnstheuncompensated(lessthanC/20load)batterycapacityremaining.Units
aremAh.

FullAvailableCapacity( ):0x0e/0x0f

Thisread-onlycommandpairreturnstheuncompensated(lessthanC/20load)capacityofthebatterywhenfully
charged.UnitsaremAh. FullAvailableCapacity() isupdatedatregularintervals,asspecifiedbytheITalgorithm.

RemainingCapacity( ):0x10/0x11

Thisread-onlycommandpairreturnsthecompensatedbatterycapacityremaining.UnitsaremAh.

FullChargeCapacity( ):0x12/13

Thisread-onlycommandpairreturnsthecompensatedcapacityofthebatterywhenfullycharged.Unitsare
mAh. FullChargeCapacity() isupdatedatregularintervals,asspecifiedbytheITalgorithm.

AverageCurrent( ):0x14/0x15

Thisread-onlycommandpairreturnsasignedintegervaluethatistheaveragecurrentflowthroughthesense
resistor.Itisupdatedevery1second.UnitsaremA.

TimeToEmpty():0x16/0x17

Thisread-onlyfunctionreturnsanunsignedintegervalueofthepredictedremainingbatterylifeatthepresent
rateofdischarge,inminutes.Avalueof65,535indicatesbatteryisnotbeingdischarged.

TimeToFull():0x18/0x19

Thisread-onlyfunctionreturnsanunsignedintegervalueofpredictedremainingtimeuntilthebatteryreaches
fullcharge,inminutes,basedupon AverageCurrent().Thecomputationaccountsforthetapercurrenttime
extensionfromthelinearTTFcomputationbasedonafixed AverageCurrent() rateofchargeaccumulation.A
valueof65,535indicatesthebatteryisnotbeingcharged.

StandbyCurrent( ):0x1a/0x1b

Thisread-onlyfunctionreturnsasignedintegervalueofthemeasuredstandbycurrentthroughthesense
resistor.The StandbyCurrent() isanadaptivemeasurement.Initiallyitreportsthestandbycurrentprogrammed
in InitialStandby ,andafterspendingsometimeinstandby,reportsthemeasuredstandbycurrent.

Theregistervalueisupdatedevery1secondwhenthemeasuredcurrentisabovethe Deadband currentandis
lessthanorequalto2x InitialStandby .Thefirstandlastvaluesthatmeetthiscriteriaarenotaveragedin,
sincetheymaynotbestablevalues.Toapproximatea1-minutetimeconstant,eachnew StandbyCurrent()
valueiscomputedbytakingapproximate93%weightofthelaststandbycurrentandapproximate7%ofthe
currentmeasuredaveragecurrent.

StandbyTimeToEmpty( ):0x1c/0x1d

Thisread-onlyfunctionreturnsanunsignedintegervalueofthepredictedremainingbatterylifeatthestandby
rateofdischarge,inminutes.Thecomputationuses NominalAvailableCapacity (NAC),theuncompensated
remainingcapacity,forthiscomputation.Avalueof65,535indicatesbatteryisnotbeingdischarged.

MaxLoadCurrent( ):0x1e/0x1f

Thisread-onlyfunctionreturnsasignedintegervalue,inunitsofmA,ofthemaximumloadconditions.The
MaxLoadCurrent() isanadaptivemeasurementwhichisinitiallyreportedasthemaximumloadcurrent
programmedin InitialMaxLoadCurrent .Ifthemeasuredcurrentisevergreaterthan InitialMaxLoadCurrent,
then MaxLoadCurrent() updatestothenewcurrent. MaxLoadCurrent() isreducedtotheaverageofthe
previousvalueand InitialMaxLoadCurrent wheneverthebatteryischargedtofullafterapreviousdischarge
toanSOClessthan50%.Thispreventsthereportedvaluefrommaintaininganunusuallyhighvalue.
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MaxLoadTimeToEmpty( ):0x20/0x21

Thisread-onlyfunctionreturnsanunsignedintegervalueofthepredictedremainingbatterylifeatthemaximum
loadcurrentdischargerate,inminutes.Avalueof65,535indicatesthatthebatteryisnotbeingdischarged.

AvailableEnergy( ):0x22/0x23

Thisread-onlyfunctionreturnsanunsignedintegervalueofthepredictedchargeorenergyremaininginthe
battery.ThevalueisreportedinunitsofmWh.

AveragePower():0x24/0x25

Thisread-onlyfunctionreturnsansignedintegervalueoftheaveragepowerduringbatterychargingand
discharging.Itisnegativeduringdischargeandpositiveduringcharge.Avalueof0indicatesthatthebatteryis
notbeingdischargedorcharged.ThevalueisreportedinunitsofmW.

TimeToEmptyAtConstantPower( ):0x26/0x27

Thisread-onlyfunctionreturnsanunsignedintegervalueofthepredictedremainingoperatingtimeifthebattery
isdischargedatthe AveragePower() valueinminutes.Avalueof65,535indicates AveragePower() =0.The
fuelgaugeautomaticallyupdates TimeToEmptyatContantPower() basedonthe AveragePower() valueevery
1s.

CycleCount():0x2a/0x2b

Thisread-onlyfunctionreturnsanunsignedintegervalueofthenumberofcyclesthebatteryhasexperienced
witharangeof0to65,535.Onecycleoccurswhenaccumulateddischarge � CCThreshold .

StateOfCharge():0x2c/0x2d

Thisread-onlyfunctionreturnsanunsignedintegervalueofthepredictedremainingbatterycapacityexpressed
asapercentageof FullChargeCapacity(),witharangeof0to100%.
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Extendedcommandsofferadditionalfunctionalitybeyondthestandardsetofcommands.Theyareusedinthe
samemanner;howeverunlikestandardcommands,extendedcommandsarenotlimitedto2-bytewords.The
numberofcommandsbytesforagivenextendedcommandrangesinsizefromsingletomultiplebytes,as
specifiedin Table5 .FordetailsontheSEALEDandUNSEALEDstates,seeSection AccessModes.

Table5.ExtendedCommands

NAME COMMANDCODEUNITSSEALEDUNSEALED
ACCESS (1)(2) ACCESS (1)(2)

Reserved RSVD 0x34…0x3b N/A R R

DesignCapacity() DCAP 0x3c/0x3d mAh R R

DataFlashClass() (2) DFCLS 0x3e N/A N/A R/W

DataFlashBlock() (2) DFBLK 0x3f N/A R/W R/W

Authenticate()/BlockData() A/DF 0x40…0x53 N/A R/W R/W

AuthenticateCheckSum()/BlockData() ACKS/DFD 0x54 N/A R/W R/W

BlockData() DFD 0x55…0x5f N/A R R/W

BlockDataCheckSum() DFDCKS 0x60 N/A R/W R/W

BlockDataControl() DFDCNTL 0x61 N/A N/A R/W

DeviceNameLength() DNAMELEN 0x62 N/A R R

DeviceName() DNAME 0x63...0x69 N/A R R

ApplicationStatus() APPSTAT 0x6a N/A R R

Reserved RSVD 0x6b...0x7f N/A R R

(1)SEALEDandUNSEALEDstatesareenteredviacommandsto Control() 0x00/0x01
(2)Insealedmode,dataflashCANNOTbeaccessedthroughcommands0x3eand0x3f.

DesignCapacity( ):0x3c/0x3d

SEALEDandUNSEALEDAccess:Thiscommandreturnsthevalueisstoredin DesignCapacity andis
expressedinmAh.Thisisintendedtobethetheoreticalornominalcapacityofanewpack,buthasnobearing
ontheoperationofthefuelgaugefunctionality

DataFlashClass():0x3e

UNSEALEDAccess:Thiscommandsetsthedataflashclasstobeaccessed.Theclasstobeaccessedshould
beenteredinhexadecimal.

SEALEDAccess:ThiscommandisnotavailableinSEALEDmode.

DataFlashBlock( ):0x3f

UNSEALEDAccess:Thiscommandsetsthedataflashblocktobeaccessed.When0x00iswrittento
BlockDataControl(), DataFlashBlock() holdstheblocknumberofthedataflashtobereadorwritten.Example:
writinga0x00to DataFlashBlock() specifiesaccesstothefirst32byteblockanda0x01specifiesaccesstothe
second32byteblock,andsoon.

SEALEDAccess:Thiscommanddirectswhichdataflashblockwillbeaccessedbythe BlockData() command.
Writinga0x00to DataFlashBlock() specifiesthe BlockData() commandwilltransferauthenticationdata.Issuing
a0x01,0x02or0x03instructsthe BlockData() commandtotransfer ManufacturerInfoBlockA,B, or C,
respectively.

BlockData():0x40…0x5f

UNSEALEDAccess:Thisdatablockistheremainderofthe32bytedatablockwhenaccessingdataflash.

SEALEDAccess:Thisdatablockistheremainderofthe32bytedatablockwhenaccessing Manufacturer
BlockInfoA,B, or C.
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BlockDataChecksum( ):0x60

UNSEALEDAccess:Thisbytecontainsthechecksumonthe32bytesofblockdatareadorwrittentodataflash.
Theleast-significantbyteofthesumofthedatabyteswrittenmustbecomplemented([255– x],for x the
least-significantbyte)beforebeingwrittento0x60.

SEALEDAccess:Thisbytecontainsthechecksumforthe32bytesofblockdatawrittento ManufacturerInfo
BlockA,B, or C.Theleast-significantbyteofthesumofthedatabyteswrittenmustbecomplemented([255–
x],for x theleast-significantbyte)beforebeingwrittento0x60.

BlockDataControl( ):0x61

UNSEALEDAccess:Thiscommandisusedtocontroldataflashaccessmode.Writing0x00tothiscommand
enables BlockData() toaccessgeneraldataflash.Writinga0x01tothiscommandenablesSEALEDmode
operationof DataFlashBlock().

SEALEDAccess:ThiscommandisnotavailableinSEALEDmode.

DeviceNameLength( ):0x62

UNSEALEDandSEALEDAccess:Thisbytecontainsthelengthofthe DeviceName.

DeviceName():0x63…0x69

UNSEALEDandSEALEDAccess:Thisblockcontainsthedevicenamethatisprogrammedin DeviceName

ApplicationStatus( ):0x6a

Thisbytefunctionallowsthesystemtoreadthebq27510 ApplicationStatus dataflashlocation.Referto
Table6 forspecificbitdefinitions.

Reserved–0x6b–0x7f

Thebq27510dataflashisanon-volatilememorythatcontainsbq27510initialization,default,cellstatus,
calibration,configuration,anduserinformation.Thedataflashcanbeaccessedinseveraldifferentways,
dependingonwhatmodethebq27510isoperatinginandwhatdataisbeingaccessed.

Commonlyaccesseddataflashmemorylocations,frequentlyreadbyasystem,areconvenientlyaccessed
throughspecificinstructions,alreadydescribedinSection DataCommands.Thesecommandsareavailable
whenthebq27510iseitherinUNSEALEDorSEALEDmodes.

Mostdataflashlocations,however,areonlyaccessibleinUNSEALEDmodebyuseofthebq27510evaluation
softwareorbydataflashblocktransfers.Theselocationsshouldbeoptimizedand/orfixedduringthe
developmentandmanufactureprocesses.Theybecomepartofagoldenimagefileandcanthenbewrittento
multiplebatterypacks.Onceestablished,thevaluesgenerallyremainunchangedduringend-equipment
operation.

Toaccessdataflashlocationsindividually,theblockcontainingthedesireddataflashlocation(s)mustbe
transferredtothecommandregisterlocations,wheretheycanbereadtothesystemorchangeddirectly.Thisis
accomplishedbysendingtheset-upcommand BlockDataControl() (0x61)withdata0x00.Upto32bytesofdata
canbereaddirectlyfromthe BlockData() (0x40…0x5f),externallyaltered,thenrewrittentothe BlockData()
commandspace.Alternatively,specificlocationscanberead,altered,andrewritteniftheircorrespondingoffsets
areusedtoindexintothe BlockData() commandspace.Finally,thedataresidinginthecommandspaceis
transferredtodataflash,oncethecorrectchecksumforthewholeblockiswrittento BlockDataChecksum()
(0x60).
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Occasionally,adataflashCLASSwillbelargerthanthe32-byteblocksize.Inthiscase,the DataFlashBlock()
commandisusedtodesignatewhich32-byteblockthedesiredlocationsresidein.Thecorrectcommand
addressisthengivenby0x40+offset modulo 32.Forexample,toaccess TerminateVoltage inthe Gas
Gauging class, DataFlashClass() isissued80(0x50)tosettheclass.Becausetheoffsetis48,itmustresidein
thesecond32-byteblock.Hence, DataFlashBlock() isissued0x01tosettheblockoffset,andtheoffsetusedto
indexintothe BlockData() memoryareais0x40+48 modulo 32=0x40+16=0x40+0x10=0x50.

Readingandwritingsubclassdataareblockoperationsupto32bytesinlength.Ifduringawritethedatalength
exceedsthemaximumblocksize,thenthedataisignored.

Noneofthedatawrittentomemoryareboundedbythebq27510–thevaluesarenotrejectedbythefuelgauge.
Writinganincorrectvaluemayresultinhardwarefailureduetofirmwareprograminterpretationoftheinvalid
data.Thewrittendataispersistent,soapower-onresetdoesresolvethefault.

Thebq27510contains96bytesofuserprogrammabledataflashstorage: ManufacturerInfoBlockA,
ManufacturerInfoBlockB, ManufacturerInfoBlockC.Themethodforaccessingthesememorylocationsis
slightlydifferent,dependingonwhetherthedeviceisinUNSEALEDorSEALEDmodes.

WheninUNSEALEDmode,andwhen0x00hasbeenwrittento BlockDataControl(),accessingtheManufacturer
InfoBlocksisidenticaltoaccessinggeneraldataflashlocations.First,a DataFlashClass() commandisusedto
setthesubclass,thena DataFlashBlock() commandsetstheoffsetforthefirstdataflashaddresswithinthe
subclass.The BlockData() commandcodescontainthereferenceddataflashdata.Whenwritingthedataflash,
achecksumisexpectedtobereceivedby BlockDataChecksum().Onlywhenthechecksumisreceivedand
verifiedisthedataactuallywrittentodataflash.

Asanexample,thedataflashlocationfor Manufacturer InfoBlockB isdefinedashavingaSubclass=58and
anOffset=32through63(32byteblock).ThespecificationofClass=SystemDataisnotneededtoaddress
ManufacturerInfoBlockB,butisusedinsteadforgroupingpurposeswhenviewingdataflashinfointhe
bq27510evaluationsoftware.

WheninSEALEDmodeorwhen0x01 BlockDataControl() doesnotcontain0x00,dataflashisnolonger
availableinthemannerusedinUNSEALEDmode.Ratherthanissuingsubclassinformation,adesignated
ManufacturerInformationBlockisselectedwiththe DataFlashBlock() command.Issuinga0x01,0x02,or0x03
withthiscommandcausesthecorrespondinginformationblock(A,B,orC,respectively)tobetransferredtothe
commandspace0x40…0x5fforeditingorreadingbythesystem.Uponsuccessfulwritingofchecksum
informationto BlockDataChecksum(),themodifiedblockisreturnedtodataflash. Note:ManufacturerInfo
BlockA isread-onlywheninSEALEDmode.

Thebq27510providesthreesecuritymodes(FULLACCESS,UNSEALED,andSEALED)thatcontroldataflash
accesspermissionsaccordingto Table6 .Dataflashlocations,specifiedin Table7 ,areaccessibletotheuser.
Manufactureinformationreferstothethreereserved32-byteblocks.

Table6.DataFlashAccess

SecurityMode DataFlash Manufacturer
Information

FULLACCESS R/W R/W

UNSEALED R/W R/W

SEALED None R(A);R/W(B,C)
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AlthoughFULLACCESSandUNSEALEDmodesappearidentical,onlyFULLACCESSmodeallowsthe
bq27510towriteaccess-modetransitionkeys.

Thebq27510implementsakey-accessschemetotransitionbetweenSEALED,UNSEALED,and
FULL-ACCESSmodes.Eachtransitionrequiresthatauniquesetoftwokeysbesenttothebq27510viathe
Control() controlcommand.Thekeysmustbesentconsecutively,withnootherdatabeingwrittentothe
Control() registerinbetween.Notethattoavoidconflict,thekeysmustbedifferentfromthecodespresentedin
the CNTLDATA columnof Table2 subcommands.

WheninSEALEDmodethe [SS] bitofCONTROL_STATUSisset,butwhentheUNSEALkeysarecorrectly
receivedbythebq27510,the [SS] bitiscleared.Whenthefull-accesskeysarecorrectlyreceivedthenthe
CONTROL_STATUS [FAS] bitiscleared.

Boththesetsofkeysforeachlevelare2byteseachinlengthandarestoredindataflash.TheUNSEALkey
(storedat UnsealKey0 and UnsealKey1)andtheFULL-ACCESSkey(storedat FullAccessKey0 and Full
AccessKey1)canonlybeupdatedwheninFULL-ACCESSmode.Theorderofthebytesenteredthroughthe
Control() commandisthereverseofwhatisreadfromthepart.Forexample,ifthe1stand2ndwordofthe
UnSealKey0 returns0x1234and0x5678,then Control() shouldsupply0x3412and0x7856tounsealthepart.
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Table7 summarizesthedataflashlocationsavailabletotheuser,includingtheirdefault,minimum,and
maximumvalues.

Table7.DataFlashSummary
ClassSubclassID Subclass OffsetName DataMinValueMaxValueDefaultValueUnits

Type

Configuration2 Safety 0OTChg I201200 550 0.1°C

Configuration2 Safety 2OTChgTime U10 60 2 s

Configuration2 Safety 3OTChgRecovery I201200 500 0.1°C

Configuration2 Safety 5OTDsg I201200 600 0.1°C

Configuration2 Safety 7OTDsgTime U10 60 2 s

Configuration2 Safety 8OTDsgRecovery I201200 550 0.1°C

Configuration32ChargeInhibitConfig 0ChargeInhibitTempLow I2–4001200 0 0.1°C

Configuration32ChargeInhibitConfig 2ChargeInhibitTempHigh I2–4001200 450 0.1°C

Configuration32ChargeInhibitConfig 4TempHys I20 100 50 0.1°C

Configuration34 Charge 2ChargingVoltage I2020,0004200 mV

Configuration34 Charge 4DeltaTemperature I20 500 50 0.1°C

Configuration34 Charge 6SuspendTemperatureLowI2–4001200 -50 0.1°C

Configuration34 Charge 8SuspendTemperatureHighI2–4001200 550 0.1°C

Configuration36 ChargeTermination 2TaperCurrent I201000 100 mA

Configuration36 Charge 4MinimumTaperCharge I201000 250.01mAh

Configuration36 ChargeTermination 6TaperVoltage I201000 100 mV

Configuration36 ChargeTermination 8CurrentTaperWindow U10 60 40 s

Configuration48 Data 4InitialStandbyCurrent I1–1280 –10 mA

Configuration48 Data 5InitialMaxLoadCurrent I2–32,7670 –500 mA

Configuration48 Data 7CCThreshold I210032,767900 mAh

Configuration48 Data 10DesignCapacity I2065,5351000 mAh

Configuration48 Data 12DeviceName S8x xbq27510–

Configuration49 Discharge 0SOC1SetThreshold I10 255 150 mAh

Configuration49 Discharge 1SOC1ClearThreshold I10 255 175 mAh

Configuration49 Discharge 2SOCFSetThreshold I10 255 75 mAh

Configuration49 Discharge 3SOCFClearThreshold I10 255 100 mAh

SystemData58 ManufacturerInfo 0–31BlockA[0–31] H10x000xff 0x00 –

SystemData58 ManufacturerInfo32–63BlockB[0–31] H10x000xff 0x00 –

SystemData58 ManufacturerInfo64–95BlockC[0–31] H10x000xff 0x00 –

Configuration64 Registers 0OperationConfiguration H20x00000xffff0x0979

Configuration68 Power 0FlashUpdateOKVoltage I2042002800 mV

Configuration68 Power 7SleepCurrent I20 100 10 mA

Configuration68 Power 16HibernateCurrent U20 700 8 mA

Configuration68 Power 18HibernateVoltage U2240030002550 mV

GasGauging80 ITCfg 0LoadSelect U10 255 1 –

GasGauging80 ITCfg 1LoadMode U10 255 0 –

GasGauging80 ITCfg 48TerminateVoltage I2–32,76832,7673000 mV

GasGauging80 ITCfg 53UserRate-mA I209000 0 mA

GasGauging80 ITCfg 55UserRate-mW I2014,000 0 mW

GasGauging80 ITCfg 57ReserveCap-mAh I209000 0 mAh

GasGauging80 ITCfg 59ReserveCap-mWh I2014,000 0 mWh

GasGauging81 CurrentThresholds 0DsgCurrentThreshold I202000 60 mA

GasGauging81 CurrentThresholds 2ChgCurrentThreshold I202000 75 mA

GasGauging81 CurrentThresholds 4QuitCurrent I201000 40 mA

GasGauging81 CurrentThresholds 6DsgRelaxTime U2081911800 s

GasGauging81 CurrentThresholds 8ChgRelaxTime U10 255 60 s

GasGauging81 CurrentThresholds 9QuitRelaxTime U10 63 1 s
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Table7.DataFlashSummary(continued)
ClassSubclassID Subclass OffsetName DataMinValueMaxValueDefaultValueUnits

Type

GasGauging82 State 0ITEnable H10x000xff 0x00

GasGauging82 State 1ApplicationStatus H10x000xff 0x00

GasGauging82 State 2Qmax I2032,7671000 mAh

GasGauging82 State 4CycleCount0 U2065,535 0 –

GasGauging82 State 6UpdateStatus0 H10x000x03 0x00 –

GasGauging82 State 2Qmax1 I2032,7671000 mAh

GasGauging82 State 4CycleCount1 U2065,535 0 –

GasGauging82 State 6UpdateStatus1 H10x000x03 0x00 –

GasGauging82 State 16AvgILastRun I2–32,76832,767-299 mA

GasGauging82 State 18AvgPLastRun I2–32,76832,767-1131mAh

DefaultRaTables87 DefRa 0–18See (1)

DefaultRaTables88 DefRa 0–18

RaTables 91 Pack0Ra 0–18See (1)

RaTables 92 Pack1Ra 0–18

RaTables 93 Pack0Rax 0–18

RaTables 94 Pack1Rax 0–18

Calibration104 Data 0CCGain F40.1 4 0.47095 –

Calibration104 Data 4CCDelta F42,98261,193,046559,538.8–

Calibration104 Data 8CCOffset I2–3276832767–1667 mV

Calibration104 Data 10BoardOffset I1–128127 0 mV

Calibration104 Data 11IntTempOffset I1–128127 78 0.1°C

Calibration104 Data 12ExtTempOffset I1–128127 0 0.1°C

Calibration104 Data 13PackVOffset I1–128127 0 mV

Calibration107 Current 1Deadband U10 255 5 mA

Security 112 Codes 0UnsealKey0 H20x00000xffff0x3672 –

Security 112 Codes 2UnsealKey1 H20x00000xffff0x0414 –

Security 112 Codes 4Full-AccessKey0 H20x00000xffff 0xffff –

Security 112 Codes 6Full-AccessKey1 H20x00000xffff 0xffff –

(1)EncodedbatteryprofileinformationcreatedbybqEasysoftware.
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Thebq27510measuresthecellvoltage,temperature,andcurrenttodeterminebatterySOC.Thebq27510
monitorschargeanddischargeactivitybysensingthevoltageacrossasmall-valueresistor(5m � to20m � typ.)
betweentheSRPandSRNpinsandinserieswiththecell.Byintegratingchargepassingthroughthebattery,
thebattery’sSOCisadjustedduringbatterychargeordischarge.

Thetotalbatterycapacityisfoundbycomparingstatesofchargebeforeandafterapplyingtheloadwiththe
amountofchargepassed.Whenanapplicationloadisapplied,theimpedanceofthecellismeasuredby
comparingtheOCVobtainedfromapredefinedfunctionforpresentSOCwiththemeasuredvoltageunderload.
MeasurementsofOCVandchargeintegrationdeterminechemicalstateofchargeandchemicalcapacity
(Qmax).TheinitialQmaxvaluesaretakenfromacellmanufacturers'datasheetmultipliedbythenumberof
parallelcells.Itisalsousedforthevaluein DesignCapacity .Thebq27510acquiresandupdatesthe
battery-impedanceprofileduringnormalbatteryusage.Itusesthisprofile,alongwithSOCandtheQmaxvalue,
todetermine FullChargeCapacity() and StateOfCharge(),specificallyforthepresentloadandtemperature.
FullChargeCapacity() isreportedascapacityavailablefromafullychargedbatteryunderthepresentloadand
temperatureuntil Voltage() reachesthe TermVoltage . NominalAvailableCapacity() and FullAvailableCapacity()
aretheuncompensated(noorlightload)versionsof RemainingCapacity() and FullChargeCapacity()
respectively.

Thebq27510hastwoflagsaccessedbythe Flags() functionthatwarnswhenthebattery’sSOChasfallento
criticallevels.When RemainingCapacity() fallsbelowthefirstcapacitythreshold,specifiedin SOC1Set
Threshold ,the [SOC1] (StateofChargeInitial)flagisset.Theflagisclearedonce RemainingCapacity() rises
above SOC1SetThreshold .Thebq27510’sBAT_LOWpinautomaticallyreflectsthestatusofthe [SOC1] flag.
AllunitsareinmAh.

When RemainingCapacity() fallsbelowthesecondcapacitythreshold, SOCFSetThreshold ,the [SOCF] (State
ofChargeFinal)flagisset,servingasafinaldischargewarning.If SOCFSetThreshold =–1,theflagis
inoperativeduringdischarge.Similarly,when RemainingCapacity() risesabove SOCFClearThreshold andthe
[SOCF] flaghasalreadybeenset,the [SOCF] flagiscleared.AllunitsareinmAh.

Thebq27510hasseveraldataflashvariablesthatpermittheusertocustomizetheImpedanceTrack™algorithm
foroptimizedperformance.Thesevariablesaredependentuponthepowercharacteristicsoftheapplicationas
wellasthecellitself.

LoadMode isusedtoselecteithertheconstant-currentorconstant-powermodelfortheImpedanceTrack™
algorithmasusedin LoadSelect (see LoadSelect ).When LoadMode is0,the ConstantCurrentModel is
used(default).When1,the ConstantPowerModel isused.The [LDMD] bitofCONTROL_STATUSreflectsthe
statusof LoadMode .

LoadSelect definesthetypeofpowerorcurrentmodeltobeusedtocomputeload-compensatedcapacityinthe
ImpedanceTrack™algorithm.If LoadMode =0( ConstantCurrent),thentheoptionspresentedin Table8 are
available.

Table8.Constant-Current ModelUsedWhen LoadMode=0

LoadSelect CurrentModelUsed
Value

0 Averagedischargecurrentfrompreviouscycle:Thereisaninternalregisterthatrecordstheaveragedischargecurrent
througheachentiredischargecycle.Thepreviousaverageisstoredinthisregister.

1(default) Presentaveragedischargecurrent:Thisistheaveragedischargecurrentfromthebeginningofthisdischargecycle
untilpresenttime.

2 Averagecurrent:basedoffthe AverageCurrent( )

3 Current:basedoffofalow-pass-filteredversionof AverageCurrent( ) (τ=14s)
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Table8.Constant-Current ModelUsedWhen LoadMode=0 (continued)

LoadSelect CurrentModelUsed
Value

4 Designcapacity/5:CRatebasedoffofDesignCapacity/5oraC/5rateinmA.

5 AtRate(mA):Usewhatevercurrentisin AtRate()

6 User_Rate-mA:Usethevaluein User_Rate().Thisgivesacompletelyuser-configurablemethod.

If LoadMode =1( ConstantPower)thenthefollowingoptionsareavailable:

Table9.Constant-Current ModelUsedWhen LoadMode=1

LoadSelect CurrentModelUsed
Value

0(default) Averagedischargecurrentfrompreviouscycle:Thereisaninternalregisterthatrecordstheaveragedischargecurrent
througheachentiredischargecycle.Thepreviousaverageisstoredinthisregister.

1 Presentaveragedischargecurrent:Thisistheaveragedischargecurrentfromthebeginningofthisdischargecycle
untilpresenttime.

2 Averagecurrent×voltage:basedoffthe AverageCurrent( ) and Voltage().

3 Current×voltage:basedoffofalow-pass-filteredversionof AverageCurrent( ) (τ=14s) and Voltage().

4 Designenergy/5:CRatebasedoffofDesignEnergy/5oraC/5rateinmA.

5 AtRate(10mW):Usewhatevercurrentisin AtRate()

6 User_Rate-10mW:Usethevaluein User_Rate() mW.Thisgivesacompletelyuser-configurablemethod.

ReserveCap-mAh determineshowmuchactualremainingcapacityexistsafterreaching0
RemainingCapacity( ),before TerminateVoltage isreached.Ano-loadrateofcompensationisappliedtothis
reserve.

ReserveCap-mWh determineshowmuchactualremainingcapacityexistsafterreaching0 AvailableEnergy(),
before TerminateVoltage isreached.Ano-loadrateofcompensationisappliedtothisreservecapacity.

Thisregisterisusedasathresholdbymanyfunctionsinthebq27510todetermineifactualdischargecurrentis
flowingintooroutofthecell.Thethresholdshouldbesetlowenoughtobebelowanynormalapplicationload
currentbuthighenoughtopreventnoiseordriftfromaffectingthemeasurement.

Thisregisterisusedasathresholdbymanyfunctionsinthebq27510todetermineifactualchargecurrentis
flowingintooroutofthecell.Thethresholdshouldbesetlowenoughtobebelowanynormalchargecurrentbut
highenoughtopreventnoiseordriftfromaffectingthemeasurement.

The QuitCurrent isusedaspartoftheImpedanceTrack™algorithmtodeterminewhenthebq27510enters
relaxationmodefromacurrentflowingmodeineitherthechargedirectionorthedischargedirection.Thevalue
ofQuitCurrentshouldbeabovethestandbycurrentofthesystem.

Thefollowingcriteriamustbemettoenterrelaxationmode

| AverageCurrent() |<| QuitCurrent |for DsgRelaxTime (ifinCHGmode)orChgRelaxTime(ifinDSG
mode).

Afterabout30minutesinrelaxationmode,thebq27510attemptstotakeaccurateOCVreadings.Anadditional
requirementofdV/dt4 µV/secisrequiredforthebq27510toperformQmaxupdates.Theseupdatesareusedin
theImpedanceTrack™algorithms.ItiscriticalthatthebatteryvoltageberelaxedduringOCVreadingstoand
thatthecurrentisnotbehigherthanC/20whenattemptingtogointorelaxationmode.
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QuitRelaxTime specifiestheminimumtimerequiredfor AverageCurrent() toremainabovethe QuitCurrent
thresholdbeforeexitingrelaxationmode.

Genericallycalled Qmax,thesedynamicvariablescontaintherespectivemaximumchemicalcapacityofthe
activecellprofiles,andaredeterminedbycomparingstatesofchargebeforeandafterapplyingtheloadwiththe
amountofchargepassed.Theyalsocorrespondtocapacityatverylowrateofdischarge,suchasC/20rate.For
highaccuracy,thisvalueisperiodicallyupdatedbythebq27510duringoperation.Basedonthebatterycell
capacityinformation,theinitialvalueofchemicalcapacityshouldbeenteredinthe Qmaxn fieldforeachdefault
cellprofile.TheImpedanceTrack™algorithmupdatesthesevaluesandmaintainsthemintheassociatedactual
cellprofiles.

Bit0(0x01)ofthe UpdateStatusn registersindicatesthatthebq27510haslearnednewQmaxparametersand
isaccurate.Theremainingbitsarereserved.Bits0isastatusflagthatcanbesetbythebq27510althougha
usercanmodifyit.Bit0shouldneverbemodifiedexceptwhencreatingagoldenimagefileasexplainedinthe
applicationnotePreparingOptimizedDefaultFlashConstantsforspecificBatteryTypes(SLUA334 .pdf).Bit0is
updatedasneededbythebq27510.

Thebq27510logsthecurrentaveragedfromthebeginningtotheendofeachdischargecycle.Itstoresthis
averagecurrentfromthepreviousdischargecycleinthisregister.Thisregistershouldneverneedtobe
modified.Itisonlyupdatedbythebq27510whenrequired.

Thebq27510logsthepoweraveragedfromthebeginningtotheendofeachdischargecycle.Itstoresthis
averagepowerfromthepreviousdischargecycleinthisregister.Togetacorrectaveragepowerreadingthe
bq27510continuouslymultipliesinstantaneouscurrenttimes Voltage() togetpower.Itthenlogsthisdatato
derivetheaveragepower.Thisregistershouldneverneedtobemodified.Itisonlyupdatedbythebq27510
whenrequired.

Thebq27510storesthemaximumdifferenceof Voltage() duringshortloadspikesandnormalload,sothe
ImpedanceTrack™algorithmcancalculateremainingcapacityforpulsedloads.Itisnotrecommendedto
changethisvalue.

Thesetablescontainencodeddataand,withtheexceptionofthe DefaultRaTables ,areautomaticallyupdated
duringdeviceoperation.Nouserchangesshouldbemadeexceptforreading/writingthevaluesfroma
pre-learnedpack(partoftheprocessforcreatinggoldenimagefiles).

Somebq27510pinsareconfiguredviathe OperationConfiguration dataflashregister,asindicatedinTable5
3.Thisregisterisprogrammed/readviathemethodsdescribedinSection AccessingtheDataFlash.Theregister
islocatedatsubclass=64,offset=0.

Table10.OperationConfiguration BitDefinition

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

HighByteRESCAPBATG_OVR–PFC_CFG1PFC_CFG0IWAKERSNS1RSNS0

LowByte–IDSELENSLEEPRMFCCBATL_POLBATG_POLBAT_FNTEMPS
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RESCAP=No-loadrateofcompensationisappliedtothereservecapacitycalculation.Truewhenset.Defaultis0.

BAT_GDoverridebit.IfthegaugeentersHIBERNATEonlyduetothecellvoltage,theBAT_GDwillnot
BATG_OVR=negate.Truewhenset.Defaultis0.IfbothcurrentandvoltagearebelowtheHIBERNATEthresholds,the

voltageconditioncheckaboveisprecedentoverthecurrentconditioncheck

Pinfunctioncode(PFC)modeselection:PFC0,1,or2selectedby0/0,0/1,or1/0,respectively.DefaultisPFC_CFG1/PFC_CFG0= PFC1(0/1).

IWAKE/RSNS1/RSNS0=Thesebitsconfigurethecurrentwakefunction(see Table11 ).Defaultis0/0/1.

IDSELEN=Enablescellprofileselectionfeature.Truewhenset.Defaultis1.

SLEEP=Thefuelgaugecanentersleep,ifoperatingconditionsallow.Truewhenset.Defaultis1.

RMFCC=RMisupdatedwiththevaluefromFCC,onvalidchargetermination.Truewhenset.Defaultis1

BATL_POL=BAT_LOWpinisactive-high.Truewhenset.Defaultis1.

BATG_POL=BAT_LOW/BAT_GDpinisactive-low.Truewhencleared.Defaultis0.

BAT_FN=SelectsBAT_LOW(bitclear)or/BAT_GD(bitset)functiononpin12.Defaultis0.

TEMPS=SelectsexternalthermistorforTemperature()measurements.Truewhenset.Defaultis1.

Thebq27510hasthreepossiblepin-functionvariationsthatcanbeselectedinaccordancewiththecircuit
architectureoftheendapplication.Eachvariationhasbeenassignedapinfunctioncode,orPFC.

WhenthePFCissetto0,onlythebq27510measuresbatterytemperatureunderdischargeandrelaxation
conditions.Thechargerdoesnotreceiveanyinformationfromthebq27510aboutthetemperaturereadings,and
thereforeoperatesopen-loopwithrespecttobatterytemperature.

APFCof1islikeaPFCof0,excepttemperatureisalsomonitoredduringbatterycharging.Ifcharging
temperaturefallsoutsideofthepresetrangedefinedindataflash,achargercanbedisabledviathe
BAT_LOW/BAT_GDpin,untilcelltemperaturerecovers.SeeSection ChargeInhibit foradditionaldetails.

FinallywhenthePFCissetto2,thebatterythermistorcanbesharedbetweenthefuelgaugeandthecharger.
Thechargerhasfullusageofthethermistorduringbatterycharging,whilethefuelgaugeusesthethermistor
exclusivelyduringdischargeandbatteryrelaxation.

ThePFCisspecifiedin OperationConfiguration [PFC_CFG1,PFC_CFG0].ThedefaultisPFC=1.

TheBAT_LOW/BAT_GDisamultiplexpin.Thefunctionisdefinedby [BAT_FN] asasystemprocessorwithan
electricalindicatorofbatterystatus.IttheBAT_LOWfunctionisactivated,thesignalingonthemultiplexedpin
followsthestatusofthe [SOC1] bitinthe Flags() register.Notethatthepolarityofthepinoutputcanbeinverted
viathe [BATL_POL] bitofthe OperationConfiguration .

Thebq27510mustoperateinconjunctionwithotherelectronicsinasystemappliance,suchaschargersorother
ICsandapplicationcircuitsthatdrawappreciablepower.Afterabatteryisinsertedintothesystem,thereshould
benochargingordischargingcurrenthigherthanC/20,sothatanaccurateOCVcanberead.TheOCVisused
forhelpingdeterminewhichbatteryprofiletouse,asitconstitutespartofthebatteryimpedancemeasurement.

Whenabatteryisinsertedintoasystem,theImpedanceTrack™algorithmrequiresthatnochargingofthe
batterytakesplaceandthatanydischargeislimitedtolessthanC/20–theseconditionsaresufficientforthefuel
gaugetotakeanaccurateOCVreading.Todisablethesefunctions,theBAT_LOW/BAT_GDpinismerely
negatedfromthedefaultsetting.OnceanOCVreadinghasbemade,theBAT_LOW/BAT_GDpinisasserted,
therebyenablingbatterychargingandregulardischargeofthebattery.The OperationConfiguration
[BATG_POL] bitcanbeusedtosetthepolarityofthebatterygoodsignal,shouldthedefaultconfigurationneed
tobechanged.

InPFC1,theBAT_LOW/BAT_GDpinisalsousedtodisablebatterychargingwhenthebq27510readsbattery
temperaturesoutsidetherangedefinedby [ChargeInhibitTempLow,ChargeInhibitTempHigh] .The
BAT_LOW/BAT_GDlineisreturnedtodesertedstateoncetemperaturefallswithintherange [ChargeInhibit
TempLow+TempHys,ChargeInhibitTempHigh–TempHys] .
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Duringpower-uporhibernateactivities,oranyotheractivitywherethebq27510needstodeterminewhethera
batteryisconnectedornot,thefuelgaugeappliesatestforbatterypresence.First,theBI/TOUTpinisputinto
high-Zstatus.Theweak1.8M� pull-upresistorwillkeepthepinhighwhilenobatteryispresent.Whenabattery
isinserted(orisalreadyinserted)intothesystemdevice,theBI/TOUTpinwillbepulledlow.Thisstateis
detectedbythefuelgauge,whichpollsthispineverysecondwhenthegaugehaspower.A battery-disconnected
statusisassumedwhenthebq27510readsathermistorvoltagethatisnear2.5V.

Thebq27510measuresbatterytemperatureviaitsTSinput,inordertosupplybatterytemperaturestatus
informationtothefuelgaugingalgorithmandcharger-controlsectionsofthegauge.Alternatively,itcanalso
measureinternaltemperatureviaitson-chiptemperaturesensor,butonlyifthe [TEMPS] bitof Operation
Configuration registeriscleared.

Regardlessofwhichsensorisusedformeasurement,asystemprocessorcanrequestthecurrentbattery
temperaturebycallingthe Temperature() function(seeSection StandardDataCommands,forspecific
information).

Theexternaltemperaturemeasurementcircuitmustusea103AT-typethermistor.Additionalcircuitinformation
forconnectingthisthermistortothebq27510isshowninSection ReferenceSchematic.

Ifduringcharging, Temperature() reachesthethresholdof OTChg foraperiodof OTChgTime and
AverageCurrent() >ChgCurrentThreshold ,thenthe [OTC] bitof Flags() isset.When Temperature() fallsto
OTChgRecovery ,the [OTC] of Flags() isreset.

If OTChgTime =0thenfeatureiscompletelydisabled.

Ifduringdischarging, Temperature() reachesthethresholdof OTDsg foraperiodof OTDsgTime and
AverageCurrent() � -DsgCurrentThreshold ,thenthe [OTD] bitof Flags() isset.When Temperature() fallsto
OTDsgRecovery ,the [OTD] of Flags() isreset.

If OTDsgTime =0thenfeatureiscompletelydisabled.

Forproperbq27510operation,thecellchargingvoltagemustbespecifiedbytheuser.Thedefaultvalueforthis
variableis ChargingVoltage =4200mV.

Thebq27510detectschargeterminationwhen(1)during2consecutiveperiodsof CurrentTaperWindow ,the
AverageCurrent() is< TaperCurrent ,(2)duringthesameperiods,theaccumulatedchangeincapacity>Min
TaperCharge/ CurrentTaperWindow ,and(3) Voltage() > ChargingVoltage–TaperVoltage .Whenthis
occurs,the [CHG] bitof Flags() iscleared.Also,ifthe [RMFCC] bitof OperationConfiguration isset,and
RemainingCapacity() issetequalto FullChargeCapacity().

Thebq27510canindicatewhenbatterytemperaturehasfallenbeloworrisenabovepredefinedthresholds
ChargeInhibitTempLow or ChargeInhibitTempHigh ,respectively.Inthismode,the[CHG_INT]bitisset
andtheBAT_GDpinisdesertedtoindicatethiscondition.The[CHG_INT]bitisclearedandtheBAT_GDpinis
assertedoncethebatterytemperaturereturnstotherange [ChargeInhibitTempLow+TempHys,Charge
InhibitTempHigh–TempHys] .
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WhenPFC=1,thebq27505canindicatewhenbatterytemperaturehasfallenbeloworrisenabovepredefined
thresholds SuspendLowTemp or SuspendHighTemp ,respectively.Inthismode,the[XCHG]bitissetto
indicatethiscondition.The[XCHG]bitisclearedoncethebatterytemperaturereturnstotherange [Charge
InhibitTempLow+TempHys,ChargeInhibitTempHigh–TempHys] .

ThechargingshouldnotstartwhenthetemperatureisbelowtheChargeInhibitTempLoworabovetheCharge
InhibitTempHigh.Thechargingcancontinueifthechargingstartsinsidethewindow[ChargeInhibitTempLow,
ChargeInhibitTempHigh]untilthetemperatureiseitherbelowSuspendLowTemporabovetheSuspendLow
Temp.Therefore,thewindow[ChargeInhibitTempLow,ChargeInhibitTempHigh]mustbeinsidethewindow
of[SuspendLowTemp,SuspendHighTemp].

Thebq27510hasfourpowermodes:NORMAL,SLEEP,HIBERNATEandBATINSERTCHECK.InNORMAL
mode,thebq27510isfullypoweredandcanexecuteanyallowabletask.InSLEEPmodethefuelgaugeexists
inareduced-powerstate,periodicallytakingmeasurementsandperformingcalculations.InHIBERNATEmode,
thefuelgaugeisinaverylowpowerstate,butcanbewokenupbycommunication.Finally,theBATINSERT
CHECKmodeisapowered-up,butlow-powerhalted,state,wherethebq27510resideswhennobatteryis
insertedintothesystem.

Therelationshipbetweenthesemodesisshownin Figure2 .
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Figure2.PowerModeDiagram

ThefuelgaugeisinNORMALModewhennotinanyotherpowermode.Duringthismode, AverageCurrent(),
Voltage() and Temperature() measurementsaretaken,andtheinterfacedatasetisupdated.Decisionsto
changestatesarealsomade.Thismodeisexitedbyactivatingadifferentpowermode.

BecausethegaugeconsumesthemostpowerinNORMALmode,theImpedanceTrack™algorithmminimizes
thetimethefuelgaugeremainsinthismode.

SLEEPmodeisenteredautomaticallyifthefeatureisenabled( OperationConfiguration [SLEEP] )=1)and
AverageCurrent() isbelowtheprogrammablelevel SleepCurrent. OnceentryintoSLEEPmodehasbeen
qualified,butpriortoenteringit,thebq27510performsanADCautocalibrationtominimizeoffset.

DuringSLEEPmode,thebq27510periodicallytakesdatameasurementsandupdatesitsdataset.However,a
majorityofitstimeisspentinanidlecondition.
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POWERCONTROL

ResetFunctions
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Thebq27510exitsSLEEPifanyentryconditionisbroken,specificallywhen(1) AverageCurrent() risesabove
SleepCurrent ,or(2)acurrentinexcessofI WAKE throughR SENSE isdetected.

Intheeventthatabatteryisremovedfromthesystemwhileachargerispresent(andpoweringthegauge),
ImpedanceTrack™updatesarenotnecessary.Hence,thefuelgaugeentersastatethatchecksforbattery
insertionanddoesnotcontinueexecutingtheImpedanceTrack™algorithm.

Thismodeisahalted-CPUstatethatoccurswhenanadapter,orotherpowersource,ispresenttopowerthe
bq27510(andsystem),yetnobatteryhasbeendetected.Whenbatteryinsertionisdetected,aseriesof
initializationactivitiesbegin,whichinclude:OCVmeasurement,settingtheBAT_GDpin,andselectingthe
appropriatebatteryprofiles.Thebatteryinsertiondetectiontakesabout3ms.

Somecommands,issuedbyasystemprocessor,canbeprocessedwhilethebq27510ishaltedinthismode.
Thegaugewillwakeuptoprocessthecommand,thenreturntothehaltedstateawaitingbatteryinsertion.

HIBERNATEmodeshouldbeusedwhenthesystemequipmentneedstoenteraverylow-powerstate,and
minimalgaugepowerconsumptionisrequired.Thismodeisidealwhenasystemequipmentissettoitsown
HIBERNATE,SHUTDOWN,orOFFmodes.ThefuelgaugecanenterHIBERNATEduetoeitherlowcellvoltage
orlowloadcurrent.
• HIBERNATEduetothecellvoltage.WhenthecellvoltagedropsbelowtheHibernateVoltageandavalid

OCVmeasurementhasbeentaken,thefuelgaugeentersHIBERNATEmodeThe[HIBERNATE]bitofthe
CONTROLregisterhasnoimpactforthefuelgaugetoentertheHIBERNATEmode.

• HIBERNATEduetotheloadcurrent.IfthefuelgaugeenterstheHIBERNATEmodeduetotheloadcurrent,
the[HIBERNATE]bitoftheCONTROL_STATUSregistermustbeset.ThegaugewaitstoenterHIBERNATE
modeuntilithastakenavalidOCVmeasurementandthemagnitudeoftheaveragecellcurrenthasfallen
belowHibernateCurrent.

ThegaugewillremaininHIBERNATEmodeuntilthesystemissuesadirectI2Ccommandtothegaugeora
PORoccurs.I2CCommunicationthatisnotdirectedtothegaugewillnotwakethegauge(oratleastforvery
long).

DuringHibernatemodethe/BAT_GDsignalisnegated(nobatterycharging/discharging).Thispreventsa
chargerapplicationfrominadvertentlychargingthebatterybeforeanOCVreadingcanbetaken.Itisthe
system’sresponsibilitytowakethebq27510afterithasgoneintoHIBERNATEmode.Afterwaking,thegauge
canproceedwiththeinitializationofthebatteryinformation(OCV,profileselection,etc.)

ItissuggestedtokeepthesystemintheSLEEPmodeinsteadofHIBERNATEmodewhenachargeris
attached.ThereasonisthatchargerremovalwillnotwakeupthebatteryfromHIBERNATEmode.

Whenthebq27510detectsasoftwarereset( [RESET] bitof Control() initiated),itdeterminesthetypeofreset
andincrementsthecorrespondingcounter.Thisinformationisaccessiblebyissuingthecommand Control()
functionwiththeRESET_DATAsubcommand.

Asshownin Figure3 ifapartialresetwasdetected,aRAMchecksumisgeneratedandcomparedagainstthe
previouslystoredchecksum.Ifthechecksumvaluesdonotmatch,theRAMisreinitialized(a FullReset).The
storedchecksumisupdatedeverytimeRAMisaltered.
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Figure3.PartialResetFlowDiagram

Thewakeupcomparatorisusedtoindicateachangeincellcurrentwhilethebq27510isinSLEEPmode.
OperationConfiguration usesbits [RSNS1–RSNS0] tosetthesenseresistorselection. Operation
Configuration alsousesthe [IWAKE] bittoselectoneoftwopossiblevoltagethresholdrangesforthegiven
senseresistorselection.Aninternalinterruptisgeneratedwhenthethresholdisbreachedineitherchargeor
dischargedirections.Settingboth [RSNS1] and [RSNS0] to0disablesthisfeature.
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Table11.I WAKE ThresholdSettings (1)

RSNS1 RSNS0 IWAKE Vth(SRP-SRN)

0 0 0 Disabled

0 0 1 Disabled

0 1 0 +1.0mVor–1.0mV

0 1 1 +2.2mVor–2.2mV

1 0 0 +2.2mVor–2.2mV

1 0 1 +4.6mVor–4.6mV

1 1 0 +4.6mVor–4.6mV

1 1 1 +9.8mVor–9.8mV

(1)Theactualresistancevalueversusthesettingofthesenseresistorisnotimportant;justtheactual
voltagethresholdwhencalculatingtheconfiguration.Thevoltagethresholdsaretypicalvaluesunder
roomtemperature.

DataFlashcanonlybeupdatedif Voltage() � FlashUpdateOKVoltage .Flashprogrammingcurrentcancause
anincreaseinLDOdropout.Thevalueof FlashUpdateOKVoltage shouldbeselectedsuchthatthebq27510
Vccvoltagedoesnotfallbelowitsminimumof2.4VduringFlashwriteoperations.

Thebq27510providesanautocalibrationfeaturethatwillmeasurethevoltageoffseterroracrossSRPandSRN
fromtime-to-timeasoperatingconditionschange.Itsubtractstheresultingoffseterrorfromnormalsense
resistorvoltage,VSR,formaximummeasurementaccuracy.

AutocalibrationoftheADCbeginsonentrytoSLEEPmode,exceptif Temperature() is � 5°Cor Temperature()
=45°C.

Thefuelgaugealsoperformsasingleoffsetwhen(1)theconditionof AverageCurrent() � 100mAand(2)
{voltagechangesincelastoffsetcalibration � 256mV}or{temperaturechangesincelastoffsetcalibrationis
greaterthan80°Cfor � 60s}.

Capacityandcurrentmeasurementswillcontinueatthelastmeasuredrateduringtheoffsetcalibrationwhen
thesemeasurementscannotbeperformed.Ifthebatteryvoltagedropsmorethan32mVduringtheoffset
calibration,theloadcurrenthaslikelyincreasedconsiderably;hence,theoffsetcalibrationwillbeaborted.

Whenabatterypackisremovedfromsystemequipmentthatimplementsthebq27510,thefuelgaugemaintains
someofthebatteryinformation,incaseitisre-inserted.ThiswaytheImpedanceTrack™algorithmoftenhasa
meansofrecoveringbattery-statusinformation,therebymaintaininggoodstate-of-charge(SOC)estimates.

Thedefaultbatteryprofilesareavailabletostorebatteryinformation.TheyareusedtoprovidetheImpedance
Track™algorithmwiththedefaultinformationonthebatterytypeexpectedtobeusedwiththeend-equipment.
Thedefaultprofilescanbeusedtosupportbatteriesofsamechemistrybutdifferentcapacities.Defaultprofiles
areprogrammedbytheend-equipmentmanufacturer.Onlyoneofthedefaultprofilescanbeselected,andthis
selectioncannotbechangedduringend-equipmentoperation.

Inadditiontothedefaultprofiles,thebq27510maintainstwoactiveprofiles: Cell0 and Cell1.Thesetableshold
dynamic batterydata,andkeeptrackofthestatusforuptotwoofthemostrecentbatteriesused.Inmostcases
thebq27510canadministrateinformationontworemovablebatterypacks.
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FirstOCVandImpedanceMeasurement

Atpower-uptheBAT_LOW/BAT_GDpinisinactive,sothatthesystemcannotobtainpowerfromthebattery
(thisdependsonactualimplementation).Inthisstate,thebatteryisputinanopen-circuitcondition.Next,the
bq27510measuresitsfirstopen-circuitvoltage(OCV)viatheBATpin.FromtheOCV(SOC)table,theSOCof
theinsertedbatteryisfound.ThentheBAT_LOW/BAT_GDpinismadeactive,andtheimpedanceofthe
insertedbatteryiscalculatedfromthemeasuredvoltageandtheloadcurrent:Z(SOC)=(OCV(SOC)–V)/I.
Thisimpedanceiscomparedwiththeimpedanceofthedynamicprofiles, Packn ,andthedefaultprofiles, Defn ,
forthesameSOC(theletterndepictseithera 0 or 1).

The Application Status dataflashlocationcontainscellprofilestatusinformation,andcanbereadusingthe
ApplicationStatus() ExtendedCommand(0x6a).Thebitconfigurationofthisfunction/locationisshownin
Table12 .

Table12. ApplicationStatus( ) BitDefinitions

Application bit7bit6bit5bit4bit3bit2bit1 bit0
Configuration

Byte – – – – – – –LU_PROF (1)

(1)LU_PROF=Lastprofileusedbygasgauge. Cell0.lastusedwhencleared. Cell1 lastusedwhenset.Defaultis0.

Thebq27510supportsonlyonetypeofbatteryprofile.Thisprofileisstoredinboththe Def0 and Def1 profiles.
The Defn and Packn profilesarethesameonthefirstgaugestart-up.ThentheImpedanceTrack™algorithm
beginsgasgauging,regularlyupdating Packn asthebatteryisused.

Whenanexistingpackisremovedfromthebq27510andadifferent(orsame)packisinserted,cellimpedance
willbemeasuredimmediatelyafterbatterydetection.Thebq27510choosestheprofilewhichisclosesttothe
measuredimpedance,startingwiththe Packn profiles.Thatis,ifthemeasuredimpedancematches Pack0 ,then
the Pack0 profileisused.Ifthemeasuredimpedancematches Pack1 ,thenthe Pack1 profileisused.Ifthe
measuredimpedancedoesnotmatchtheimpedancestoredineither Pack0 or Pack1 ,thebatterypackis
deemednew(noneofthepreviouslyusedpacks).The Def0/Def1 profileiscopiedintoeitherthePack0or Pack1
profile,overwritingtheoldest Packn profileused.
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COMMUNICATIONS

I2CINTERFACE

Host generated

A AS 0ADDR[6:0] CMD[7:0] Sr 1ADDR[6:0] A DATA[7:0] A DATA[7:0] PN. . .

(d) incremental read

A AS 0ADDR[6:0] CMD[7:0] Sr 1ADDR[6:0] A DATA[7:0] PN

(c) 1- byte read

A AS A0 PADDR[6:0] CMD[7:0] DATA[7:0]

(a) 1-byte write (b) quick read

S 1ADDR[6:0] A DATA[7:0] PN

bq27510 generated

. . .A AS A0 PADDR[6:0] CMD[7:0] DATA [7:0] DATA [7:0] A A

(e) incremental write

(S = Start, Sr = Repeated Start , A = Acknowledge, N = No Acknowledge, and P = Stop).

S ADDR[6:0] 0 A CMD[7:0] A DATA[7:0] N P

S ADDR[6:0] 0 A CMD[7:0] N P

I2CTIMEOUT

I2CCOMMANDWAITINGTIME

bq27510-G1

www.ti.com ..................................................................................................................................................................................................... SLUS927–APRIL2009

Thebq27510supportsthestandardI 2Cread,incrementalread,quickread,onebytewrite,andincrementalwrite
functions.The7bitdeviceaddress(ADDR)isthemostsignificant7bitsofthehexaddressandisfixedas
1010101.The8-bitdeviceaddresswillthereforebe0xAAor0xABforwriteorread,respectively.

Figure4.SupportedI 2CFormats

The“quickread”returnsdataattheaddressindicatedbytheaddresspointer.Theaddresspointer,aregister
internaltotheI 2Ccommunicationengine,willincrementwheneverdataisacknowledgedbythebq27510orthe
I2Cmaster.“Quickwrites”functioninthesamemannerandareaconvenientmeansofsendingmultiplebytesto
consecutivecommandlocations(suchastwo-bytecommandsthatrequiretwobytesofdata)

Thefollowingcommandsequencesarenotsupported:
Attempttowritearead-onlyaddress(NACKafterdatasentbymaster):

Attempttoreadanaddressabove0x6B(NACKcommand):

TheI 2CenginewillreleasebothSDAandSCLiftheI2Cbusisheldlowforabout2seconds.Ifthebq27510was
holdingthelines,releasingthemwillfreeforthemastertodrivethelines.Ifanexternalconditionisholdingeither
ofthelineslow,theI 2Cenginewillenterthelowpowersleepmode.

Tomakesurethecorrectresultsofacommandwiththe400kHzI 2Coperation,aproperwaitingtimeshouldbe
addedbetweenissuingcommandandreadingresults.Forsubcommands,thefollowingdiagramshowsthe
waitingtimerequiredbetweenissuingthecontrolcommandthereadingthestatuswiththeexceptionof
checksumcommand.A100mswaitingtimeisrequiredbetweenthechecksumcommandandreadingresult.For
read-writestandardcommands,aminimumof2secondsisrequiredtogettheresultupdated.Forread-only
standardcommands,thereisnowaitingtimerequired,butthehostshouldnotissueallstandardcommands
morethantwotimespersecond.Otherwise,thegaugecouldresultinaresetissueduetotheexpirationofthe
watchdogtimer.
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A AS 0ADDR[6:0] CMD[7:0] Sr 1ADDR[6:0] A DATA [7:0] A DATA [7:0] PN

A AS A0 PADDR[6:0] CMD[7:0] DATA [7:0] DATA [7:0] A 66ms

A AS 0ADDR[6:0] CMD[7:0] Sr 1ADDR[6:0] A DATA [7:0] A DATA [7:0] A

DATA [7:0] A DATA [7:0] PN

Waiting time between control subcommand and reading results

Waiting time between continuous reading results

66ms

66ms

REFERENCESCHEMATIC

bq27510-G1
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COMMUNICATIONS(continued)

TheI 2Cclockstretchcouldhappeninatypicalapplication.Amaximum80msclockstretchcouldbeobserved
duringtheflashupdates.
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PACKAGE  OPTION ADDENDUM

www.ti.com 17-Mar-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)

BQ27510DRZR-G1 NRND SON DRZ 12 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ27510DRZT-G1 NRND SON DRZ 12 250 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.
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TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

BQ27510DRZR-G1 SON DRZ 12 3000 330.0 12.4 2.8 4.3 1.2 4.0 12.0 Q2

BQ27510DRZT-G1 SON DRZ 12 250 330.0 12.4 2.8 4.3 1.2 4.0 12.0 Q2

PACKAGE MATERIALS INFORMATION

www.ti.com 3-Sep-2010

Pack Materials-Page 1
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*All dimensions are nominal

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

BQ27510DRZR-G1 SON DRZ 12 3000 340.5 333.0 20.6

BQ27510DRZT-G1 SON DRZ 12 250 340.5 333.0 20.6

PACKAGE MATERIALS INFORMATION

www.ti.com 3-Sep-2010

Pack Materials-Page 2
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.

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

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

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics www.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions www.ti.com/lprf

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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