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System-SidelmpedanceTrack™FueGaugavitDirecBatteryConnection

FEATURES

« BatteryFuelGaugeforl-Seriesli-lon
Applications

* ResidesorSystemMairBoard

WorkswithEmbeddedoiRemovable
BatteryPacks

Uses PACK+, PACK—-and T Battery
Terminals

GarbePoweredDirectlyFromBatteryPack
(nd_DQCrequired)

» Microcontroller PeripheralProvides:
AecurateBatteryFuelGauging
— BatteryLow InterruptWarning
— Batterylnsertion Indicator

9@BytesoNon-Volatile ScratchPad
FLASH

» BatteryFuelGaugingBasedorPatented
ImpedanceTrack™Technology
ModelsBatteryDischarge Curvefor
AccurateTime-To-Empty Predictions
Automatically AdjustsforBatteryAging,
BatterySelf-Discharge, and
Temperature/Rate Inefficiencies

Lew-ValueSenseResistor(10n Q otess)

« |2C™orConnection tcSystem
Microcontroller Port

* Small2-pin2,SnmdmnsSONPackage

TYPICALAPPLICATION

APPLICATIONS

* Smartphones

 PDAs

» DigitalStillandvideoCameras
» HandheldTerminals

*  MP3MultimediaPlayers

DESCRIPTION

Th&exakstrumentbq275168ystem-sidei-lon
batteryueyjaugéamicrocontrolleperipherathat
providefsiglauginfgeingle-celli-lobattery
padiisymguldistem
microcontrollirmwardevelopmeniTheq27510
reside®rheystem’snaifboardinadnanagesin
embeddebattergnon-removablejgemovable
batteryack.

Thég27510sesh@atentedinpedancdrack™
algorithrfioiluedauginggngrovidesformation
stamnainbgteapadityAh),
state-of-charg€%)un-timeé@mptymin.)hattery
voltag€mV)andemperaturg°C).

Batterjuajaugingvitthé&g27510@equiresnly
PACKP-BACKP-githermist(r)
connectiaimovaliattqraok
embeddedattery.

Power
Management
Controller

Warning
DATA
bq27510

Battery
Good

Current

Sense

HostSystem
A : ______ Single-CeliCi-ion |
B Pack
vee 1 atteryPacl
|
REG25 REGIN L.
Lpo | REC! {PACK+
Battery Voltage 4] PROTECTION
Low Sense Ic

Temp

CHG
DSG

Sense

Q Pleasde@warghatnmportanhotic&oncernin@vailabilitystandardvarrantyandisercriticabpplicationoTexas
Instrumentsemiconductoproductandlisclaimersheret@ppearathendthislatsheet.

Impedancé racksirademarlof exagnstruments.
I12GstrademarloPhillipsCorporation.

PRODUCTIONDATAnformationigurrenagpublicatiomate.
Productsonforrspecificationgeheermsh&exas
InstrumentstandardiarrantyProductioprocessindoesot
necessarilyncludeestingélparameters.
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A Thesalevicehavdimiteduilt-ireSprotectionThéeadshouldehortedogetheothelevicelacedtonductivdoam
‘Y '\ duringstoragehandlind@reventlectrostaticddamagedheVlOSyates.

DEVICHNFORMATION
AVAILABLEOPTIONS
PARTNUMBER PACKAGE @ TA COMMUNISREMREEL
FORMAT QUANTITY
bg27510DRZR-G1 . 5 3000
12-pin2,5-mmé-maGO85 T 1“C
bg27510DRZT-G1 250

(Epthamosturrenpackagenarderingnformatiorseghd®ackageOptiorAddendunathesnathislocumentprseghe |
websitat www.ti.com.

PINDIAGRAM
BI/TOUT BAT_LOW/BAT_GD
REG25 SCL
REGIN SDA
bqg27510
BAT [¢]]Ts
Vee SRN
Vss El SRP
TERMINALFUNCTIONS
TERVREAL @ DESCRIPTION
NAME
sBifb@ldiectiofinputPowepifopackhermistonetworkThermistor-multiplexecontrol

pinPush-pull/OUsevittpull-upesistor1M Q (1.81 Q typical).

uFeeramicapacitor.

REEBINaintegrated DOCGonnect.1

uFeeramicapacitor.

BAJeloltageneasdremeninputADGnput.

VccProcéssgpowdmputThed.47

ueeramicapacitoconnecteddREG25houldelosdd/cc.

VssDevidgrgund 6

SRP Analégnpupi®onngcteddheénternatoulomlzountewhereSRRs1earesthesystemPACK—
connectionConnect®d-m  Q t®0-m Q senseesistor.

SRN AnalégnpupionngecteddhanternatoulomizountewhereSRNsearesthé/ssonnection.
Connect@b-m Q t®0-m Q senseesistor.

TS Packhermistoroltagesensduse P3AT-typehermistor)ADGnput

1/OUsevitl0-k  Q pull-upesistoftypical).

SDA Slai@ 10 2Geriatommunicationslatdindocommunicatiowitisysten{Master)Open-drair/O.
Usewitll0-k  Q pull-upesistoftypical).
SCiSlavé | 11 °Geriatommunicationslocknputindocommunicatiorwittsysten{Master)Open-drain

Iy AJhditREftery-lowoutpuindicatorDesiredunctiorpolarityselectedhroughihéperation
BAT_GD ConfiguratiorregisterOpen-drairoutput

(1pDigitainput/outputiAAnalognputPPoweconnection.

2 SubmibDocumentatior-eedback
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ELECTRICALSPECIFICATIONS
ABSOLUTEMAXIMUMRATINGS

ovepperatindgree-aitemperatureganggunlesotherwisaoted) @
VALUE UNIT
VREGIN Regulatomputoltage -0.324 \%
Ve Supplyoltageange -0.32.75 \%
Viop Open-drain/ingSDASCLBAT_LOW/BAT_GD) -0.36 \%
VAT BATnpupin -0.36 \%
\ Inpuvoltageangdalbtheping TSSRPSRNBI/TOUT) -0.30/V cc 0.3
Te Functionatemperatureange -4Qd.00 T
Tste Storageéemperaturgange —63d.50 T
ESD HumarBodyMode(HBM)BATpin . 15 Ky
HumarBodyMode(HBM)albthepins 2
(®)ressedeyondhosdistedinder absolutanaximunratings  mayausgermanentdamagddhealeviceThesaretressatings
onlyandunctionabperatiorothelevicathesemanytheconditiondeyondhoséndicatedinder recommendedperating
conditions imoimpliedExposure@bsolute-maximum-ratecdonditiongoextendegeriodsnayffectieviceeliability.
DISSIPATIONRATINGS
PACKAGE Tp £40C DERATINGFACTOR Reia
POWERRATING Tp £40C
12-pibRz @ 48IW 5.6MW/T 176°CW
(Thislatabasedrusingd-layedEDEigh-kboardvitliheexposedligadonnectedaCipadrihéoardThéoard
padsonnecteddhegrounglandy?2-vianatrix.
RECOMMENDEDBDPERATINGCONDITIONS
Ta25Cand/  gegiv TV gat 3B.8{unlesotherwisanoted)
PARAMETER TESTCONDITION MBI
VReEGIN Supplyoltage Namperatingestrictions 2.7 5.5 v
NdFLASHwrites 2.45 2.7
lcc Normabperatingnodesurrent FuegaugerlNORMAILmMode, 103 pA
lLoap > SleepCurrent
IsLp Low-powepperatingnodeurrent FuetaugerSLEERNode. 18 HA
lLoap < SleepCurrent
lhis Hibernateperatingnodeurrent FuetaugerHIBERNATHENode. 4 HA
l.oap < HibernateCurrent
VoL OutputoltageowPihg 101112) oL BNA V 0.4
Vorer) Outpuhighvoltag&Pirl) loy =InA V0.5 \%
VoH(op) OutpuhiglvoltaggPind01112) Externapull-upesistoconnectedd/cc V0.5 \%
Vi InpuvoltagdowPind101112) -0.3 V 0.6
Vir(op) InpuvoltagenigfPind101112) 1.2 vV 6
Va1 InpuvoltageangdTS) Vss—0.125 vV 2
Va2 InpuvoltageangdBAT) Vgs—0.125 VvV 5
Va3 Inpuvoltageangd SRPSRN) Vgs—0.125 U.125
trucp Power-ugommunicatiordelay 250 ms
POWER-ONRESET
Ta =40TtB5°C,C reg .47 UF2.454&/ recIN V' gaT S.Wtypicavaluead A25Cand/  geein YV gar 3.6/
(unles®dtherwisenoted)
PARAMETER TESTCONDITIONS TRIRXIT
ViT+ Positive-goindpatteryoltagenpua/ cc 229
Vhys Power-onesehysteresis h8585

Copyrigh€2009Texasnstrumentsncorporated
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2.5LDCREGULATOR @

(unles®therwisanoted)
PARAMETER TESTCONDITION NN T
2. <Vgecin<5.9/, Ta =40CHEEES
lout < 16mMA
VREeG25 Regulatooutputoltage
245/ < VREGIN QM'OW A =40CI@50 \Y
battery)l oyt < 3mA
2Nl out < 16nA Ta =40CI@5C n230
Vpo Regulatodropoutoltage
245/ our<3nA 50
AVREGTEMP Regulatooutputh&hge REGIN 3.6/] ouT6nA A =40TtB5C 0.3%
withemperature
AVREGLINE Lineegulation 2.V < VREGIN <5.5] ouT 36nA m\25 11
AVREGLOAD Loadegulation 0.2nA < IOUT < 3nAV REGIN 2.45/ mv0 34
3nA <lgyt £ 16NAY Regin 2N 31
IshorT @ Shortircuiturrektimit REG25 | Tp =40TIB5T n2s0

WputputurrentlOUTighesunointernahncexternaloadturrents.
(B¥suredylesignNoproductioriested.

INTERNALTEMPERATURESENSORCHARACTERISTICS

Tp =40TUB5°C,C rec .47 UF2.454/ regiN V' gar B.5/typicaValuesl A 25Tand/ REGIN V' gaT 8.6/
(unles®dtherwisenoted)

PARAMETER TESTCONDITIONS TRRXT
Gremp Temperaturesensoroltageyain -2 mV/T

HIGHFREQUENCYOSCILLATOR

T, =40TIB5°C,C rec .47 UF2.458/ reain YV gar B.3/typicavaluest A25Cand/  geon YV gar 8.6/
(unles®therwisanoted)

PARAMETER TESTCONDITIONS TIVERSINT
fosc Operatindgrequency 2.097 MHz
Tp HTIHBOT —D.GBIHH
feio Frequencyerror (% Ta =20TIFOT —B.08&%
Tp =40TIB5C -0.38%%
tsxo Start-ugime © ms5 25

(Ihdrequencyerrorsneasuredron?.09MHz.
(PhdrequencyrifisncludedandneasuredronthégrimmedrequencyaV cc 25/ A=25C
(Bhestartugimeslefinecaghdimetakegothescillatooutpufrequencydet3%ofypicabscillatofrequency.

4 SubmibDocumentatiorFeedback Copyrigh€009Texadnstrumentsncorporated
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LOWFREQUENCYOSCILLATOR

(unlesotherwisanoted)

PARAMETER TESTCONDITIONS TNEN
fosc Operatindrequency 32.768 KHz
Tp DTIG0T -1696%
feio Frequencyerror (1®) Ta =20CTt@0T -2 B25%
Ta =40CB5T -4 025%
tsxo Start-ugime © 500 us
(IhdrequencyrifisncludedandneasuredronithgrimmedrequencyaV/ cc 25/ A 25C

(EPhdrequencyerrorsneasuredron82.768<Hz.
(Bhestartugimeslefinechgheimetakegothescillatooutpufrequencydet3%ofypicabscillatofrequency.

INTEGRATINGADQCOULOMBCOUNTEREHARACTERISTICS

Ty =40Tt@5°C,C reg .47 UF2.454/ recin V' gar B.5/typicabaluesl A25Cand/  gegin V gar B.6/
(unles®therwisenoted)

PARAMETER TESTIBRINTIONS

Vsr_ N InpuvoltageangeV  (srn) and/ (srp) Vsr & (srN) V' (SRP) -0.125 U.125
tsr_conv Conversioriime Singleonversion 1 S

Resolution 14 bits5
Vsr 0s Inpubffset 140 pv
INL Integrahonlinearityerror +0.Ca0ESR
Zsr N Effectivénputesistance 25 MQ
ISR_LKG Inputeakageurrent () 0.3 HA

(AysuredyesignNoproductioriested.

ADQTEMPERATUREANDCELLIMEASUREMENT CHARACTERISTICS

Ta =40Ct@5°C,C rec D.47 pF2.454/ recin V' gar S.5/typicalaluesal a25Cand/  gegin YV gar 8.6/
(unles®therwisenoted)

PARAMETER TESTCONDITIONS NIRRT
Vabc IN Inpuvoltageange -0.2 v 1
tADc_conv Conversiortime mk25
Resolution 14 bits5
Vabc_os Inpubffset 1 mV
Zaoct EffectivénputesistancdTs) @ 8 MQ
Zapco EffectivenputesistancéBAT) @ bg2751Moteasuringel/oltage 8 MQ
bg27510neasuringel/oltage 100 kQ
laDC_LKG Inputeakageurrent @ 0.3 PA

(AysuredydesignNoproductioriested.

DATAFLASHMEMORYCHARACTERISTICS

(unles®therwisanoted)

PARAMETER TESTCOMBIMNONS
tor Dataetention 10 Years
Flastprogrammingvrite-cycles @ 20,000 Cycles
tWORDPROG) Worgrogrammingime =~ @ ms 2
lccPrOG) Flash-writssupphcurrent () mAO 5

(A¥suredylesignNoproductioriested.
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[2C-COMPATIBLEINTERFACECOMMUNICATIONTIMINGCHARACTERISTICS
Ta =40TtB5°C, 2.4~/ cc 2.6/typicalaluesal A 25Cand/ ¢ 2.8(unlesotherwisaoted)
PARAMETER TESTCONIWAEDNS
t, SCL/SDAisdime ns800
t SCL/SDAaltime ns800
tw(H) SClpulsevidttthigh) 600 ns
tw(L) SClpulsevidth{low) 1.3 ps
tsusta) Setudorepeatedstart 600 ns
tasTA) StartdirsfallingedgeoSCL 600 ns
tsuAT) Datasetupiime 100 ns
th(pAT) Datdnoldime 0 ns
tsu(sTop) Setugimedostop 600 ns
tauF Budred¢imebetweerstomndtart 66 ps
fscL ClocKrequency 400
tsu(sTa) tw(H) tw) 4 & tBuF)
r— e |
sCL
SDA / \ \-
ta(sTa) J S e t — l— L—J tsu(sTop)
i ' thoan  tsupan I I
REPEATED SToP START
START
Figurell 2C-CompatibleInterfaceTimingDiagrams
6 SubmibDocumentatiorFeedback Copyrigh€009Texadnstrumentsncorporated
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GENERALDESCRIPTION

Théqg2751@ccuratelpredictshdattergapacitanatheoperationatharacteristicadingld.i-based
rechargeablsatEmaterrogatdaysteprocessdarovideiiformatiosucis
state-of-charggSOC)time-to-emptyfTTERndime-to-ful{TTF).

Informatiomccessethrouglaeriesfommands;alled Standar€ommandd-urthecapabilitieare
provideththadditional Extende€Commands seBotlsetstommandsindicatetbthgenerdrmat
Commandjareisedoeadndavriténformatiorontainedvithithdq2751@ontrohndtatusegisters,
asvehitsdatflashocationscCommandarsenfronsystengaugesingh®q27510's 2Qerial

communicatiorenginarcimxecutetlrirapplicatiaevelopmergackanufacturer
end-equipmenbperation.

Celhformatiomstoredthé&q2751@mon-volatildlasimemoryMangtheselatflashocationsre
accessibleluringpplicatiomevelopmentThegannotyenerallyhaccessedlirectiguringnd-equipment
operationAccessthesdocationsaichievedheitheusethdq27510'sompaniorevaluatiorsoftware,
throughndividuatommandsopthrougtsequencefiata-flash-accessommandsT@accesstlesiredlata
flasHocationthecorrectatdlastsubclassanaffsemusbénown.

Théqg2751provide86ytesiser-programmabldatiasimemornypartitionetht@2-bytélocks:

Manufacturer InfBlockAManufacturer InfBlockBand ManufacturerInfdBlockCT hislatapaces
accessethrouglalatélasinterface-ospecificemccessintheatlashsesection Manufacturer
InformatiorBlocks.

Thé&eythd®q27510’wigh-accuracgagaugingredictioi§ exafnstrument’groprietarympedance
Track Blgorithmhédgorithosestieasurementsharacteristicafmtoperti¢éseate
state-of-chargredictionshatarachievdessharl%erroacrosswidevarietybperatingonditiongnd
ovethdifetimetheattery.

Thég2751neasuresharge/dischargactivitpynonitoringh@oltagacrosemall-valuseriesense
resisto(mQ  t@0n Q typ.Jocatedetweerthesystem's/saindhdattery’ ® ACK-terminalWherzell
isttacheddhdng27510¢ceimpedancésomputedbasedrelturrentgelbpen-circuitoltagé¢OCV),
anateloltagaindetoadingonditions.

Thég2751@xternadliemperaturasensingeptimizedvittheisediglaccuracyegativéemperature
coefficien(NTC)hermistowitiR o5 10.0kQ  +1%B25/853435KA %suclassemitedNTAO3AT)The
bg2751@amlsdeonfigureduséinternalemperatursensonVheramxternathermistorsiseda
18.2lpulbpesistobetweeBT/TOUTand $insalsoequiredThdg2751sesemperaturganonitor
thébattery-paclenvironmentwhichaisedofuegaugingnaelprotectiorfunctionality.

Taninimizgpoweconsumptionthdg2751MasevergbowemodesNORMALSLEEPHIBERNATEand
BAINSERCTHECKR Heq275lflassesutomaticallyetweathesmodesependingpaie
occurrence$pecifieventsthouglasystenprocessocarnitiatsomethesenodeslirectlyMorealetails
carbdoundrBection PoweModes.

NOTE:

FORMATTINGCONVENTIONSNTHISDOCUMENT:
Commands: italics with parentheses dma@akispacesy.
RemainingCapacityj.
Datd-lash: italics, bold and breakingpacese.g.  DesignCapacity .
Registebitandlagsbracketand italics, e.g[TDA]
Datdlastbitsbrackets, italics and bold , e.g: [LED1]
ModeandtatesALICAPITALSe.gUNSEALEDMode.

Copyrigh€2009Texagnstrumentsncorporated SubmibocumentatiorFeedback 7
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DATACOMMANDS

StandarddataComman

ds

Thbg27510seseried?-bytstandardommandtenableystemeadingndritingdattery
informationEaclstandar¢ommandasmssociatedommand-codgairagndicatedn
eachommandonsistaivbytesdatawoonsecutivé
initiatétheommandunctionandoeadwrit¢heorrespondingwytesdataAdditionabption$or
transferrindatauchspoolingrdescribeifbection,
accessibldNORMAbDperatiorRead/WritpermissiondependthactivaccesmodeSEALEDr
UNSEALEQfodetailonheSEALECaNndUNSEALEBstatesrefetdection

Tabld Because
2@ransmissionmudtexecutebotto

I2O0NTERFACEStandardommandare

AccesdModes.)

TablelStandardCommands
NAME COMMAN EENIE DACCBSSEALEDACCESS
Control} CNTL 0x0®x01 N/A R/W R/W
AtRatef AR 0x0Dx03 mA R/IW R/IW
AtRateTimeToEmptyj MIiROWERDT E R R/W
Temperature TEMP 0x0®x07 0.1K R R/W
Voltage] VOLT 0x0®x09 mV R R/W
Flags) Ox0BXABS N/A R R/W
NominalAvailableCapacity] NAC 0x0dx0d mAh R R/W
FullAvailableCapacity}] FAC 0x0ex0f mAh R R/W
RemainingCapacity] RM 0x1@®x11 mAh R R/W
FullChargeCapacityj FCC 0x1Dx13 mAh R R/W
AverageCurrent] Al 0x140x15 mA R R/W
TimeToEmpty] TTE NoxLdsl 7 R R/W
TimeToFull} TTF NixLgel 9 R R/W
StandbyCurrent] Sl Ox1dx1b mA R R/W
StandbyTimeToEmptyj STTE Mirlisld R R/W
MaxLoadCurrent] MLI Ox1ex1f mA R R/W
MaxLoadTimeToEmpty] MR T E R R/W
AvailableEnergy} AE mO2Dx23 R R/W
AveragePower] AP 0x20x25 mwW R R/W
TTEatConstantPower] MIR2EERZ TP R R/W
Reserved RSVD 0x2®x29 N/A R R/W
CycleCount CcC Coxedx2b R R/W
StateOfCharge] SOC 0x2dx2d % R R/W

Control(): 0x00/0x01
Issuing  Control(

particulacontralunctiomesiredT he

describedn Table .

commandequiresubsequen?-bytsubcommandThesadditionabytespecifthe

Controlf commanallowsheystent@ontropecififeaturesthe
bg2751@duringormadperatiomnddditiondeaturesvhethd&q2751Gdiffererdccesmodesas

Table2. Control() Subcommands

CNTLFCNNTIBE HESCRIBTION
ACCESS
CONAepesBBadusSD FChecksumHibernatelTetc.
DEVICE_TYPE Repedstt@ieviceypebq27510)
FW_VERSION RepedsttdidPware/ersioronthelevicaype
HW_VERSION Repedstt®addwarprersiorothalevicaype
DF_CHECKSUM Enalestiai@igdrchecksunmde@eneratecindeportoraead
RESET_DATA Retuximsezedata
8 SubmibDocumentatiorFeedback Copyrigh€009Texadnstrumentsncorporated
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Table2. Control() Subcommands (continued)

CNTLRCNNCTEENEESCRIRTION

ACCESS
Reserved NotdiasgxD006
PREV_MACWRITE Retuxiogie@@0BdVACommandode
CHEM_ID RepettBb8micaldentifieothédmpedancea rack ™tonfiguration

BOARD_OFFSET Forcghek®do@oneasurendtorehéoarffset

CC_INT_OFFSET Forchghek@®adoaonegsurehenternaC®ffset

WR H ciesDesvIoBETorehenternaC®ffset

SET_HIBERNATE FoedDOOITROL | STATUS HIBERNATE}d
CLEARONBERPOIAREL_STATUS HIBERNATE}®
SEALED Plachigh@q@ze OrSEALEDaccessnode

IT_ENABLE Enailesbddd@ddancel rack ™algorithm

IF_CHECKSUM Repohtebgnseactiorflasichecksum

CAL_MODE Plachished@Z81 reglibratiormode

RESET Fofchisf@kaptThd 27510

CONTROL_STATUS:0x0000

Instructshduegaugeaeturrstatusnformationaontrohddresse9x00/0x01Thestatusvordncludeshe
followingnformation.

TableSCONTROL_STATUSBItDefinitions

bit7 bité bit5 bit4 bit3 bit2 bitl

bit0

— HigtByte FAS S8CA CCA CSV

HIBERNAT&/Byte QENRUBMBER

FAStatudiindicatinghéq27510siFULIACCESSSEAL EDstateActivavherset.
SStatudiindicatinghdq275103nheSEALEStateActivavherset.
CS\&tatudiindicatingvalidlatdlastthecksunhadeergeneratedActivevherset.
CChatatudiindicatinghdng2751@oulomizountecalibratiomoutineActivavherset.
BC/Mtatudiindicatinghéng2751moarctalibratiomroutinesactiveActivavherset.
HIBERNAT BtatudiindicatingrequestoentrintddIBERNATHronSLEERModeTruavhersetDefaultd.
SLEERtatudiindicatinghéq275103rSLEERModeTruavherset.

LDMBtatudbiindicatinghédq27510mpedancélrack ™algorithnusing
(constant-current mode).

RUP_DIStatudiindicatinghég2751RdablaipdateslisabledTruevherset
VOlstatudiindicatingelvoltagearédDKoQmaupdatesTruavherset.
QEMstatusbiindicatinghérq2751@maxupdateenabledTruavherset.

DEVICE_TYPEOx0001
Instructshduegaugeaeturnhalevicaypa@ddresse9x00/0x01.

FW_VERSIONOx0002
Instructshduegaugeaeturnhdirmwareversiori@addresse$x00/0x01.

HW_VERSIONOx0003
Instructshduegaugdaeturnhénardwarerersion@ddresse®x00/0x01.

DF_CHECKSUMO0Ox0004

Instructshduepauge@omputehehecksunothelatdlasimemoryThehecksunvaluésvritterand
returnetaddresse®x00/0x0{UNSEALEDnodenly)ThehecksunwidbealculatedsEALED
modehoweverthehecksunvaluearstilbeead.

constant-power modeTruavhersetDefault®

Copyrigh€2009Texasnstrumentsncorporated
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RESET_DATA0x0005

Instructthéuagjaugereturtheesatatémddresse®x00/0x0 witkthéoveyt€0x0peinthe
numbebfultesetandhéighyt€0x01jhenumbeppartiatesets.
PREV_MACWRITEQOx0007
Instructshduegaugdaeturnherevioucommandvritteri@addresse$9x00/0x01.

CHEM_ID0Ox0008

Instructshéuedaugeoeturthehemicatdentifiefothémpedancdrack™onfiguratiotaddresses
0x00/0x01.

BOARD_OFFSET:0x0009

Instructshduepaugecomputeheoulomizountepffsewithinternashorandhenvithouinternashort
appliecdicrosshesRnputsThdaifferencdetweerthéwaneasurementsshédoaraffsetAftealelaypf
approximatelg2econdshisffsetaluéseturnedaddresse®x00/0x0anavrittenolatflashThe
CONROISTATUYBCAIalssetThaisemusprevenanyghargedischargeurrenfronflowingluring
th@rocessThisunctiom®nhavailablevhethduefjauge&) NSEALEDWherSEALEDthisommand
onlyeaddackhéoard-offsevaluestoredrdatdlash.

CC_INT_OFFSETOX000A

Controtlatan®x000anstructshduejaugea@omputéheoulomlrounteoffsetwvittinternashorapplied
acrosth&mputsTheffsetalugseturnedaddresse9x00/0x01afteaelagdpproximately 6
secondsThigunction®nhavailablevherhdueaugéd NSEALEDWherSEALEDthicommananly
readbackheCC _INT_OFFSEWValuestoredrdatdlash.

WRITE_OFFSET0x000B
Controtlatan®x000kcauseshduegaugeavriteheoulomizounteoffsetalatdlash.

SET_HIBERNATE0x0011

InstructshduefjaugedorceheCONTROL_STATUSHIBERNATEDAThisllowshgauge@nter
thélIBERNATBPowemodaftethéransitionSLEEPowestatésletectedTh¢HIBERNATEHis
automaticallylearediporexitingronHIBERNATENode.

CLEAR_HIBERNATE:0x0012

InstructshdéuejjaugedorceheCONTROL _STATUSHIBERNATEDtOT hipreventshgaugdrom
enteringhéHdIBERNATEowemodeaftethéransitionGLEEMowestatesletecteditaralsdaised
tdorcehggaugeoubHIBERNATENOde.

SEALED:0x0020

InstructshdueyjaugedransitiofiroMUNSEALEBtate S EALEBtateThduefjaugeshoulalwaybe
set@EALEDstatdouséarendequipment.

IT_ENABLE:0x0021

Thisommandorceshduejaugedoegithémpedancdrack ™algorithmsetshectivépdateStatus
location@x0hndausesh¢VOKANJQENflagsdeeittheONTROL _STATUSegisteVOKis
clearedthevoltagearanosuitabldoEdmaxipdateOncesetf QENtannobelearedThicommands
onhavailablevherthduegaugedJNSEALED.

IF_CHECKSUM0x0022

Thisommanthstructthéuejaugeoomputehastructioflaskkhecksumihethehecksurhas
beertalculatecdinagstoredtherCONTROL_STATUSCVSisetltUNSEALEDnodethehecksunvalugs
returnetdddresse@x00/0x0 T hehecksumwitidiealculateiEAL EBhoddiowevethe
checksunvaluearstilbeead.
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CAL_MODE0x0040

Thigommandnstructshduejaugee@ntecalibratioomodeThisommandenlavailablevherthduel

gaugedJNSEALED.

RESETx0041

ThisommanéhstructthéuegaugeperforndutlesefThisommandsnlavailablevhethéuel

gaugedJNSEALED.

AtRate()0x02/0x03

ThétRatelead-/write-wordunctiomshdrshalféwo-functiocommandetsedsethé\tRate
valuaisedrtalculationsnadéoyhedtRate Time ToEmptyfunctionTheAtRatejnitaremmA.

The AtRate valuaignethtegemyvithegativealuemterpreteddischargeurrentaluelhe
AtRateTimeToEmptyX functioreturnthpredictedperatingmehatRatealuafischargelhe
tetur®s,53Rottne

defawaluer AtRat§(  izerandiibrce

AtRatg(

AtRateTimeToEmpty] commandshouldnlhpeisediNORMAImMode.

AtRateTimeToEmpty( )0x04/0x05

Thisead-wordunctiometurnanunsignedntegevaluetheredictedemainingperatindimethdoattery

AtRat§( and

iglischargedithe AtRate] valuéminutesvittiange@®5,534Aalue65,535ndicates AtRate]
HThduehaugaipdates AtRateTimeToEmpty] withirkaftethesystensetshe AtRate] valueThduel
gaugautomaticallyipdates AtRateTimeToEmpty] basedrthe AtRate] valuevenylsBotthe AtRate]
and AtRateTimeToEmpty] commandshouldnipaisediNORMALMode.
Temperature()0x06/0x07
Thisead-wordunctiometurngamnsignedntegevaluethdatteryemperaturéunite®®. 1 Kkneasured
byhduetjauge.
Voltage()0x08/0x09
Thisead-wordunctiometurngamunsignedntegevaluetheneasureaell-packoltagem\ivitmange
0@d®000mV.
Flags()0x0a/0x0b
Thisead-wordunctioneturntheontentsthgas-gaugstatusegisterdepictingheurrenvperating
status.
TabledFlagsBitDefinitions
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
OTD BipByte - FCHGHE CHG
— LovByte COSCEERyH

OT®ver-TemperaturerchargeonditionsletectedTruavherset.
OTM®ver-TemperaturerdischargeonditionsletectedTruavherset.

CHG_INKehargédnhibitunabladegirchargindtemputsideéheange
Truevherset.

Chargesuspendiler{temmutsideheange
set.

XCHG=
F®&ull-chargedonditiomeachedTruevherset.
CHGFastEhargingllowedTruavherset.
OCV_GBoodC\neasurementakenTruavherset.
WAIT_IWaitindadentifynsertedatteryTruavherset.
BAT_DEBattergetectedTruavherset.
SOCstate-of-Charge-Threshold.

SOCIBtate-of-Charge-ThresholdFinal

[ChargelnhibitTempLow,ChargelnhibitTempHigh] ).

(SOCSet) reachedTruevherset.
(SOCFsefn)  reachedTruevherset.

[SuspendTemperatureLow SuspendTemperatureHigh] )Truavhen
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DS®ischargingletectedTruavherset.

NominalAvailableCapacity( )0x0c/0x0d

Thisead-onlyommangaireturnsheincompensatedlessharC/20oadpattergapacityemainingUnits
arenAh.

FullAvailableCapacity( )0x0e/0xOf

Thisead-onlgommangaireturnsheincompensatedlessharC/20oadyapacitpthdatteryvheriully
chargedUnitarenAh. FullAvailableCapacity] isipdatedategulamtervalsaspecifiedyhdTalgorithm.

RemainingCapacity( )0x10/0x11
Thisead-onlcommangaireturngheompensatedatterycapacityemainingUnitarenAh.

FullChargeCapacity( )0x12/13
Thisead-onlgommangaireturntheompensatedapacitghbatterwhefullghargedJnitare
mAh. FullChargeCapacity] isipdateditegulamtervalsaspecifiedyhdTalgorithm.
AverageCurrent()0x14/0x15
Thisead-onlgommangbaireturngignedtegevalu¢haish@averageurrentiovhrouglthesense
resistorlisipdateceverysecondUnitarenA

TimeToEmpty()0x16/0x17
Thisead-onlyunctiometurnaminsignedhtegevaluath@redictedemainindpatterifeth@resent
ratevtlischargeirminutesAvalueb5,535ndicatedatterysmobeinglischarged.
TimeToFull()0x18/0x19

Thisead-onljunctiometurnamnsignedhtegevaluepredictedemainingimentthdatteryeaches
futhargaminutesasedpon AverageCurrenf heomputatioaccountfthéapecurrertime
extensioffronthéineal TEEomputatiotraseddixed AverageCurrent] rate¢hargaccumulationA
value65,535ndicateshdatterysnobeingharged.

StandbyCurrent( )0x1a/Ox1b

Thisead-onlfunctioreturnaignethtegeralugheeasuredtandbgurrerthrougtheense
resistorThe StandbyCurrent] ismmdaptiveneasurementlnitialljteportshestandbygurrenprogrammed
in InitialStandby andftespendingsomdimarstandbyreportsheneasuredstandbycurrent.

Theegistevaluesipdatecverysecondvhertheneasurecurrentabovehe Deadband currenands
lesshamequati& InitialStandby Thdirshndastalueshameethisriteriaraoiveragedh,
sincéheynandbstablealuesTapproximatd -minutéimeonstanigachew StandbyCurrent(

valuegsomputetbyakingpproximat®3%wveightthéasstandbgurrerandpproximat&Yhe
currentmeasuredaverageurrent.

StandbyTimeToEmpty( )Ox1c/0x1d

Thisead-onlyunctiometurngminsignedtegevalueth@redictedemainindpatterjifethestandby
ratedischargeminutesTheomputationses Nomina\vailabl€apacity (NACYhencompensated
remainingapacityfothicomputationA/alue65,535ndicatedatterysobeinglischarged.

MaxLoadCurrent()0x1e/0x1f

Thisead-onlfunctioneturngignethtegevaluaépnitehAghenaximurtoadonditionsThe
MaxLoadCurren)(  isadaptiveneasurementhicisitialieportedhmaximuroadurrent

programmedn InitialMax.oadCurrent lfheneasurecturrenievegreatethan InitiaMax.oadCurrent,
then MaxLoadCurren)( updateghaewurrent. MaxLoadCurren)( iseducetthaveragdhe
previousaluand InitiaMax_.oadCurrent whenevethdatteryghargeddukhftegreviouslischarge

tarsOdessharb0%T hipreventtheeported/aludrommaintainingarunusuallyigtvalue.
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MaxLoadTimeToEmpty( )0x20/0x21

Thisead-onlyunctiometurngamnsignedntegevalueatheredictedemainindpatteryifathenaximum
loacturrendischargeateiminutesAvalue65,535ndicateshathdatterysiobeinglischarged.

AvailableEnergy()0x22/0x23

Thisead-onljunctioneturnamnsignethtegevalueth@redictedhargeenergyemainingthe
batteryThevalueseportedrunitomwh.

AveragePower()0x24/0x25

Thisead-onljunctioreturnasignethtegeralughaveragpoweturingatterghargingnd
discharginglismegativeluringlischargangbositiveluringhargeAralueindicate shathdatterys
nobeinglischargedchargedThezalueseportedrunitomw.

TimeToEmptyAtConstantPower( )0x26/0x27
Thisead-onlyunctiometurngamnsignedntegevaluetheredictedemainingperatingimétdattery

islischargedithe AveragePower] valuéminutesialu®85,535ndicates AveragePower] #fThe
fuejaugautomaticallypdates TimeToEmptyatContantPower( basedithe AveragePower) valuevery
k.

CycleCount()0x2a/0x2b

Thisead-onljunctiometurnaminsignedéhtegevalueth@umbeotycleshdatterhagxperienced
wittaange®®5,5350neycleccursvheraccumulatedlischarge = CCrhreshold .

StateOfCharge()0x2c/0Ox2d

Thisead-onlyunctiometurnsaiunsignedntegevaluethgredictedemainindpattergapacitgxpressed
aspercentagef FullChargeCapacityjwitt@ange@d. 00%.
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ExtendedDataCommands

Extendedommand®ffeadditionalunctionalitpeyondhstandardebfommandsThewreisedithe
samenannemoweveunliketandar¢ommandsextendedommandsradimited2-bytevordsThe
numbexfommandbytefogiveextendedommandangessizéorsinglémultipleytesas

specifiedn Tablé Fodetail®riheSEALEANAJNSEALEDstatesseesection AccesdModes.
TablesExtendedCommands
NAME
ACCESS (@ ACCESS (®)

Reserved RSVD 0x34...0x3b N/A R R
DesignCapacity] DCAP 0x3®x3d mAh R R
DataFlashClassj @ DFCLS 0x3e N/A N/A RIW
DataFlashBlock] @ DFBLK 0x3f N/A RIW RIW
Authenticatef/BlockDataj A/DF 0x40...0x53 N/A R/W R/W
AuthenticateCheckSumj}/BlockDataj ACKS/DFD 0x54 N/A R/W R/W
BlockDataj DFD 0x55...0x5f N/A R R/W
BlockDataCheckSum DFDCKS 0x60 N/A R/W R/W
BlockDataControlj DFDCNTL 0x61 N/A N/A R/W
DeviceNameLengthj DNAMELEN 0x62 N/A R R
DeviceName] DNAME 0x63...0x69 N/A R R
ApplicationStatus] APPSTAT Ox6a N/A R R
Reserved RSVD 0x6b...0x7f N/A R R

(BEALEARNAUNSEALE Dstatesireenteredriommandgo Control() 0x00/0x01
(B3ealednodedatdlastCANNObeaccessedhrougicommand®Ox3endx3f.

DesignCapacity( )0x3c/0x3d

SEALERNYNSEALEBccesshisommandeturnthealustoreth
expressedmAhThigéntendedde¢heheoreticabnominatapacitpéevpackbuhasdoearing
ontheperatiorothduegaugdunctionality

DesigrCapacity anis

DataFlashClass()0x3e

UNSEALEDAccessThisommandetshelatdlasitlasstheccessedT helassteccessedhould
beenteredrhexadecimal.

SEALEDMAccessThicommandsoavailablerSEALEDNode.

DataFlashBlock( )0x3f

UNSEALEBccesShisommansethdatiashlodbaccessedVhebxO@ritteto

BlockDataControl], DataFlashBlock] holdshélockumbeothalatdlashdeeadwrittenExample:
writingdx0@o DataFlashBlock] specifiemccessdahdirsBbytdloclanddx0kpecifiemccessdhe
secon@bytdlockandmn.

SEALEDAccessThisommandlirectsvhicluatdlastblockvibeccessedbyhe BlockDataJ command.
Writingdx0Qo DataFlashBlock] specifieshe BlockDataj commandvillransfeauthenticatiordatalssuing
ax010x020x0dstructthe BlockDataY commantiransfer ManufacturerinfdlockB, or C,
respectively.

BlockData()0x40...0x5f
UNSEALEDAccessThiglatdlocksheemaindepntheDbytalatdlockvheraccessinglatdlash.

SEALERccessThidatalockheemaindesth8®yteathlociwheaccessing
BlockinfoAB, or C.

Manufacturer
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BlockDataChecksum( )0x60
UNSEALEDAccessThibyteontainghehecksunonh8&dyteoblocklataeadwritteriaatdlash.

Théeast-significantytethsunstheatbytesvrittemugbeomplementefR55 for X the
least-significanbytepefordeingvritterid@x60.
SEALEDAccessThidyteontainshehecksunfoth&dytesiblocklatavritterio Manufacturerinfo

BlockAB, or CTheeast-significanbytethesunofthelatdytesvrittermusbeomplemented255-
xfor  x thdeast-significanbytepefordeingvritteridx60.
BlockDataControl( )Ox61

UNSEALEDAccessThisommandsisedaontrafiatflastaccessnodeWritin@x0@ohisommand
enables BlockData) taccesgeneralatflashwriting@x0ithisommanenableSEALEDnode
operatiorof DataFlashBlockj.

SEALEDMccessThicommandsoavailablerSEALEDNode.

DeviceNameLength()0x62
UNSEALEAN&GEALEDAccessThibyteontainghdengtiothe DeviceName.

DeviceName()0x63...0x69
UNSEALEDRNSEALEDAccessThiblockcontainghalevicenamehaiprogrammedn DeviceName

ApplicationStatus( )Ox6a

Thibytéunctioallowthsystertreathbg27510 ApplicationStatus  datflaslocatiorRefeto
Tablés fospecifibitiefinitions.

Reserved-Ox6b0x7f

DATAFLASHNTERFACE

Accessing theDatd-lash

Theqg27510atasion-volatilmemorthatontainisq2751itializatiordefaulteditatus,
calibratiorgonfiguratiorsndsaenformatiorlhdatlasbahaccessemeveraliffereways,
dependingrwhamodeahdnq27510operatingrmandvhatiatadeingccessed.

Commonlgccessedatflasmemoriocationdrequentlyeatgystengreonvenientlgccessed
througbpecifimstructionslreadgescribedection Dat€ommandsTheseommandaravailable
wherthéq27510®ithemMUNSEALEDSEALEDNodes.

Mostlatdlasocationshoweverar@nlhaccessibl@tJNSEALEDnodédysethdqg2751@valuation
softwardyatihashlodkansferd.hesecationshouloeptimizeand/dixedurindpe
developmenandnanufactur@rocessesThepecom@artfoldeimagdilandanhemevritteno
multipleatteyack©ncestablishedhealuegenerallgmaimnchangediuringnd-equipment
operation.

Taccesdatflastocationsdividuallthblockontaininthdesiredatfastocation(gnudie
transferreddhe&eommandegistetocationswhergheyameeaddheystenochangedlirectlyThiss

accomplishedgendingheset-ugommand BlockDataControlj (0x61itldat®dx00Up@Dbyteobiata
cabeeadirectlfronthe BlockData)l (0x40...0x5fexternallalteredhemewrittetthe BlockData)
commandapaceAlternativelyspecifitocationsarbeeadalteredandewritteritheicorrespondingffsets

areisediindeintthe BlockData) commandpacerinalljthédataesidingtheommangpacés
transferredolatflashoncéheorreathecksunfothevholélockaritteo BlockDataChecksum)
(0x60).
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OccasionallyalatdlasiCLAS Svibdargetharth&2-bytdloclsizelithisasethe DataFlashBlock)
commanasettiesignaterhicB2-bytblocthdesiretbcationsesidalheorreaommand
addresghegiveb9x4®ffset modulo 3Zoexampldaccess TerminatéVoltage  ithe Gas
Gauging class, DataFlashClass] isssue®{0x50)cethelassBecauseheffseizl8imustesiden
thesecon®2-bytdlockHence, DataFlashBlock] isssuedx0lsethdlocloffsetandheffsetisedo
indexntdghe  BlockDataj memonarea®x4048 modulo 320x404.60x400x16Hx50.

Readin@ndvritingubclasslatardlocloperationaip@bytesengthlfluringwritehelatdength
exceedshanaximunbloclsizethenthaelatasgnored.

Nonethalatavritteianemonardoundedyhdnq27510-theraluearanotejectedyhduegauge.
Writingimcorrectaluenayesuithardwaréailureuefirmwar@rogranmterpretationathévalid
dataThevritterdatapersistents@ower-omesetioesesolvehdault.

MANUFACTURERNFORMATIONBLOCKS

Thieg27516ontaindbytesfsgarogrammabldatiasktorage: Manufacturednf@locl,
Manufacturer InfaBlockB, Manufacturer InfBlockCThenethodoaccessinghesenemoryocationss
slightidifferentdependingprwhethethalevicastUNSEALEDSEALEDNodes.

WhenrJNSEALEDnodeandvherdxOhadeemwritterio BlockDataControljaccessinghevianufacturer
Inf@lockésdentical@accessingeneratlatdlastocationsFirsta DataFlashClass] commandsisedo
sethsubclassthem DataFlashBlock] commandetsheffsefothdrstiatdlasiaddressvithithe

subclassThe BlockData] commandodegontairtheeferencedlatdlasidataWhenvritinghelatdlash,
@hecksunexpectedibeeceivetyy BlockDataChecksumOnlywhethehecksunseceivednd
verifiedshelatactuallyvritteriaatdlash.

Asrexamplethalatdlashocatiorior Manufacturer InfoBlockB islefinecdadhavingSubclasss&nd
aiDffse82hrougle33dytdlock)ThapecificatiomClassSystenDatimoheededaddress
Manufacturerinf@lockBhutisethsteatbgroupingurposewheriewingatéiasinfahe
bg2751@valuatiorsoftware.

WheiBEALEDhoderhex01 BlockDataContro) doesatontaifxOQjatdlasmtonger
availablahenanneused NSEALEInodeRathahaissuingubclassmformatiordesignated
Manufacturemformatiomlockselectedvittihe DataFlashBlock] commandlssuingdx010x0206x03
withhi¢ommandaausesheorrespondingnformatiomlockABpCrespectively)deransferredahe
commanspacéx40...0x5@&ditingeadinighsystenposuccessfulritinghecksum

informatioto  BlockDataChecksumfhenodifietblocleeturnetiatélash. NoteManufacturerinfo
BlockA isead-onlwhenrSEALEDNode.

ACCESSVIODES
Thdg2751@rovideshreesecuritynodegFULIACCESSUNSEALEDan@&SEALED)hatontrotiatdlash
accespermissiongccordingo Tabl® Datdlashocationsspecifiedh Tablg areccessibledheiser.

Manufacturenformationefersghehreeeserve®2-bytelocks.

TablesDatdFlashAccess
SecurityMode Daté-lash Manufacturer
Information
FULIACCESS R/W R/IW
UNSEALED R/W R/W
SEALED None RARM(BC)
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AlthoughULACCESSnUNSEALEModeappeadenticabnlifULACCESSodallowthe
bg2751Qavriteaccess-moddransitiorkeys.

SEALING/UNSEALINGDATAFLASH

The2751dplemekis/-accessheransitidetwe SEALEDNSEALEBRd
FULL-ACCESSnodesEaclhransitiomequireshatuniqusetiiviieybsenithdq2751@ishe
Contro)  contralommandl hkeymudiserdtonsecutivelyyithothedatheingrittetthe

Controlf registembetweenNoteéhat@avoiaonflictth&eysnusbalifferentrontheodegpresentedn
the CNTIDATA columrof Tabl€ subcommands.

WhemnSEALEDnodéhe [SS] b€EONTROL_STATUSsethuivheth&NSEAkeysareorrectly
receivedth€q2751he [SS] bislearedVhethéull-acceskeyareorrectlyeceivethethe
CONTROL_STATUS [FAS] bitzleared.

BothhesetokeydoeachevehréytegachengtianadratoreddatdlashThé&)NSEALkey

(storecit UnseaKey and UnseaKeylandhd-ULL-ACCESXkeystoredt FullAccessKey) and Full
AccessKeylamnlpaipdatedvhenirULL-ACCES$nodeTherdeothdyteenteredhrouglthe

Controll commandtheeversefvhaiseadronth@art-oexamplethd shtn@ndvordihe

UnSeaKey0 return®x1234ndx5678then Controlf shoulcdsupplpx341andx78568ainseathgart.
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DATAFLASHSUMMARY

Tablé

summarizethdatlastocationavailablhesemcludinthedefaulminimungnd
maximunvalues.

TablerDateéFlashSummary
SubttessID Subclass Oltzee Dt alviany/ aldefaulVeitse
Type
Codfiguration Safety OTChg0 1200 0 12 550 0.1C
Configuration Safety OTChgizme 0 U1l 60 2 s
Coafiguration Safety OTChd=covery 1200 0 12 500 0.1T
Codfiguration Safety OTDsg 5 1200 0 12 600 0.1C
Configuration Safety ODsdime 0 U1l 60 2 s
Coafiguration Safety OTDsdRecover: 1200 0 12 550 0.1T
Charganiiipi@ratiin ChargdhhibiTemp.ow 1206-400 12 0 0.1T
Chardantibjiratiig ChargenhibiTemHigh 1206-400 12 450 0.1TC
Chardantiij@ratitig TempHyis 0 12 100 50 0.1C
Cofiguration Charge Chargig/oltage 42020,000 0 12 mV
Coiguration Charge Deltalefnperature 0 12 500 50 0.1C
Corguration Charge Smmmmpkﬁfaturd_ow -50 0.1T
Cofiguration Charge Suﬂmmﬁp(%mturé-ligh 550 0.1C
Comsfiguration Chargélermination TapeCarrent 1000 0 12 100 mA
Cofeguration Charge MinimuéTapeCharge 1000 0 12 .01mARS5
Comsfiguration Chargélermination Tapeléltage 1000 0 12 100 mVv
Comsfiguration Chargélermination CurrenBapeWindow 0 U1 60 40 s
Codfguration Data InitiaStandbyCufrent 0 -128 11 -10 mA
Codiguration Data InitiaM &t oadCurrent 0+32,767 -500 mA
Codiguration Data CCrhreghold 90032,76100 12 mAh
Codfiguration Data DesidrCapacit; 10085,535 0 12 mAh
Config@ration Data DeviceName X S8 — bgR7510 x
Codfiguration Discharge SOC1S6tThreshpld 0 11 255 150 mAh
Codfiguration Discharge SOCXleaiThreshold 0 11 255 175 mAh
Codfiguration Discharge SOCFS2T hreshold 0 11 255 75 mAh
Codfiguration Discharge SOCRKCBaiThreshold 0 11 255 100 mAh
S§BtenData Manufacturetnfo B®b340-31 Oxff Ox00 H1 0x00 -
Sy8tenData ManuEE6E§0r{81] Oxff 0x00 H1 0x00 -
Sy8tenData Manu@Bk8kg6+81] Oxff O0x00 H1 0x00 -
Cofdguration Registers Operatlibr(:onfiiuration OxOQIPﬂMJQD ‘
Cofguration Power FlasiUjidateOK/oltage 2800 4200 0 12 mV
Cofiguration Power SleerCurrent 0 12 100 10 mA
Comfiguration Power Hiberb@teCurrent 0 u2 700 8 mA
Cofguration Power Hiberb@té/oltage 2550 300@400 U2 mV
Gadsauging ITCfg LoadSetect 0 U1 255 1 -
Gag5auging ITCfg LoadVidde 0 Ul 255 0 -
Gaegsauging ITCfg Termitgatd/oltage 30082, 768 mvV
Gadsauging ITCfg UseR&8e-mA 9000 0 12 0 mA
Gae5auging ITCfg Useraie-mW 14,000 0 12 0 mw
Gagsauging ITCfg ResebreCap-mAh 9000 0 12 0 mAh
Gadsauging ITCfg Reseb@Cap-mWh 14,000 0 12 0 mwWh
Gassauging CurrenThresholds DsgcurfenThreshold 2000 0 12 60 mA
Gassauging Currenthresholds Chgcurgenfhreshold 2000 0 12 75 mA
Gassauging CurrenThresholds QuiCurdent 1000 0 12 40 mA
Gassauging CurrenThresholds Dsdrel&Time 1800 8191 0 u2 s
Gassauging Currenthresholds ChdRel8Time 0 Ul 255 60 s
Gassauging Currenthresholds QuiRel&Time 0 Ul 63 1 s
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TablerDatalashSummary(continued)

Subittess|D Subclass Olfzieie DhitisalMiay/ alefaulVaite
Type
Gagsauging State ITEnablé Oxff Ox00 H1 0x00
Gagauging State IApplicatiorStatu Oxff 0x00 H1 0x00
Gagauging State Qmax 2 10082,767 O 12 mAh
Gagsauging State CycleCdun® 65,535 0 u2 0 -
Gagauging State UpdateBtatu$ 0x030x00 H1 0x00 -
Gagauging State IQmax 2 10082,767 O 12 mAh
Gagsauging State CycleCduni 65,535 0 u2 0 -
Gagauging State UpdateBtatus 0x030x00 H1 0x00 -
Gagsauging State Avd d@dRun -2%—9}2,75!3 mA
Gamauging State Av@LE8RUN mAN -1432, 768
DefaulR@¥ables DeRa Seel8 @
Default@Bables DeRa 0-18
Ralables 91 Pack®Ra Seel8 @
Réarables 92 PackRa 0-18
Rd& ables 93 Pack@Rax 0-18
Rarables 94 PackRax 0-18
O&Hdibration Data CGGaird 0. F4 4 0.47095 -
Cdibration Data Celta P19BEEROABE.8
Cdibration Data CQOffsé&t —16822882 mV
C&dibration Data Boardiffset 127 -128 11 0 mV
C&dibration Data InTerbfOffset 127 -128 11 78 0.1C
O&dibration Data ExTemfOffset| 127 -128 11 0 0.1C
C&Hdibration Data Pachf3fset 127 -128 11 0 mV
Cadibration Current Deadband 0 | U1l ‘ 255 5 mA
Security 112 Codes Unsealleyd 0x3642ﬂm€m -
Security 112 Codes Unseal@eyt 0x04 18K0AD -
Security 112 Codes Full-AcdesKey] [eskiali] Oxffff -
Security 112 Codes Full-Ac6esKeyl| [eskcialte] Oxffff -
(EhcodedatteryprofilenformatiorcreatedygEasyoftware.
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FUNCTIONALDESCRIPTION

FUELGAUGING

Theg2751tneasuretheelloltageaemperatureandurrertdetermingatter$OCIrheq27510
monitor€hargeandlischargectivitypysensinghe/oltagecrosssmall-valugesistofsn Qt@om Qtyp.)
betweeth& RRnGRNinandiseriesvithheelByntegratingharg@assinghrougthdattery,
théoattery’SOGsadjustediurindatterchargedischarge.

Theotabattergapacitifounthgomparingtates¢thargbeforandfteapplyinghéoadvitthe
amounithargpassediVheaapplicatiotbadppliedhenpedanceheeiineasuretly
comparingh€®C\bbtainedrongredefinedunctioriopresenSOQvithheneasuredoltageindeltoad.
Measurement€dC¥ndhargmtegratiodeterminehemicaltatafhargandhemicalapacity
(Qmax)ThéanitidDmaxalueareakefrongethanufacturersiataheemultipliethth@umbeof

parallelelidlsoseftthealuim DesigrCapacityThbq27518cquireandpdatethe
battery-impedanceprofileluringnormabatterysageltiseshiprofilealongvitts OGindhe€)maxalue,

tdetermine  FullChargeCapacityY and StateOfChargegpecificallfathpreserbadntemperature.
FullChargeCapacity] iseportedsapacityavailablérondullghargedbatteryindeth@resentoadnd

temperaturaintil Voltage] reacheshe TermvVoltage. NominalAvailableCapacity] and FullAvailableCapacity]

artmencompensateghdighdadersionst RemainingCapacity( and FullChargeCapacity(
respectively.

Théqg2751Mhaswdlagaccessedbyhe Flags] functiothatvarnsvhethdattery’SO®asalleo
criticéévelaVhen RemainingCapacity)(  fallselothBrstapacitthresholdpecifieth SOCSget
Threshold the [SOC1] (State€hargénitialjlagsetThdlagelearednce RemainingCapacity] rises
above SOCBeThreshold Thédg27510°'8AT_LOWirautomaticallyeflectshetatusthe [SOC1] flag.
AlunitarenmAbh.

When RemainingCapacity] fallbelovthesecondapacitghreshold, SOCFsefhreshold the [SOCF] (State
dCharg€inafageservingéinalischargavarningdf SOCBeéthreshold =lth#ags
inoperativeluringlischargeSimilarlywhen RemainingCapacity] riseabove SOCKIeaiThreshold andhe
[SOCF] flaghaslreadyeersetthe [SOCF] flagzlearedAlunitaremAh.

IMPEDANCETRACK™V/ARIABLES

Thég2751haseveratiatdlastvariableshapermithaiset@ustomizehdmpedancérack ™algorithm
fooptimizegberformanceTheseariablesrelependentiporth@owecharacteristicethepplicatiorms
weldgheselitself.

LoadMode

Loadlode isisetiselectithetheonstant-currendconstant-powemoddbthémpedanc&rack™

algorithnasiseth Loadselect (see Loadselect When LoadMode isthe Constan€urrentodel is
useddefault)Wherithe ConstanPoweModel isisedThe [LDMD] bibEONTROL_STATUSeflectshe
statudf LoadMVode.

LoadSelect

LoadSelect defineshdypepowebcurrentnodetdeaiseda@omputdoad-compensatedapacityrihe
Impedancdrack ™algorithmif LoadMode # Constan€Current)thenheptionpresentedn Tabl8 are
available.

TableBConstant-Current ModelUsedWhen LoadMode®

LoadSelect CurrentModelJsed
Value

0 AveragalischargeurrenfronpreviougycleTheresnnternategistethatecordsheveragealischargeurrent
througleactentiralischargesycleThereviousiveragastoredrthisegister.

1(default) PresentwveragalischargeurrentThissheveragalischargeurrenfronmthédeginningfthiglischargeycle
untipresentime.

2 Averageurrentbasedfthe AverageCurrent()

Currentbaseafbflow-pass-filteredersiorof AverageCurrent() (t=14s)
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TableBConstant-Current ModelUsed/Nhen LoadMode® (continued)
LoadSelect CurrentModelJsed

Value
4 DesigrcapacitypRatdasedfoDesigrCapacity®eBatermA.
5 AtRatdmA)Usevhatevecurrentsn AtRate()
6 User_Rate-mAUsdhesaluen User_Rate()Thigivestompletelyser-configurablanethod.

If LoadMode = ConstanPowerjhernhdollowingptionarevailable:

Table9Constant-Current ModelUsed/NVhen LoadModed
LoadSelect CurrentModelJsed
Value
O(default) AveragealischargeurrenfronpreviougycleTherésrninternategistethatecordsheveragelischargeurrent
througteactentiraischargeycleThgreviousiveragéstoredrhisegister.
1 PresentaveragalischargeurrentThissheveragalischargeurrenfromhéeginningfthiglischargeycle
untipresentime.
2 Averageurrentoltagebasefthe AverageCurrent() and Voltage().
3 Currentvoltagebasedfbiow-pass-filtered/ersiorof AverageCurrent() (t=14s) and Voltage().
4 DesigrenergpRatdasedfbDesigrEnergymeBatemA.
5 AtRat€10nW)Usevhatevecurrentsn AtRate()
6 User_Rate-10nWUséhevaluen User_Rate() mWThigivescompletelyser-configurablenethod.

ReserveCap-mAh

Reser@ap-mAh determineawattvamainiogpacdityistteachidg
RemainingCapacity( )before ~ TerminateVoltage iseachedAo-loadat@tompensationsppliedahis
reserve.

ReserveCap-mwWh

Reserv&Cap-mWh  determinehiownuclactualemainingapacitgxistaftereaching AvailableEnergyj,
before TerminateVoltage iseached&o-loadatetompensationapplieddhiseservesapacity.

DsgCurrentThreshold

Thisegistersisecshresholdynanyunctionsithdq2751@aeterminéhctuatlischargeurrenis
flowingnt@oudtheellTheéhresholdhouldeekovenoughddelovanynormadpplicatiotoad
currenbuhiglenoughgrevennhoisedriffronaffectingheneasurement.

ChgCurrentThreshold

Thisegisteisisedghresholdynanyunctiongthdg2751@determinéctuathargeurrenis
flowindgnt@pubthecellTheéhresholdhouldesetovenoughddelovanynormathargeurrenbut
higlenough@revenhoisedriffronaffectinghaneasurement.

QuitCurrent,DsgRelaxTime ChgRelaxTime andQuitRelaxTime

The QuiCurrent isise@partthémpedancdrack™algorithnaletermingvhethédq2751@nters
relaxatiomoddronzurrenflowingnoderithethehargelirectiorthalischargelirectionTheralue
ofQuiCurrenshouldebovehetandbyurrenothesystem.

Thdollowingriterianusbanet@nterelaxatiormode

| AverageCurrent] ¢ QuiCurrent for Dsdrelaxiime (MCHGnodepChdrelaXiméifDSG
mode).

AfteabouBninutegmelaxatiomodethdq2751 @&ttemptsdakeccurat®©CVeadingsAmdditional
requiremenodV/d4 pV/sedsequiredothdq2751QgperfornQmaxipdatesTheseipdatesireisedn
thémpedanc&rack™algorithmsligriticathathdatteryoltagdeelaxediurin@ CVeadingsand
thatheurrenisobénighetharC/2@vherattempting@antaelaxatiormode.
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QuiRelaxime specifiesheninimuntimeequiredor toemaimbovéhe

thresholdeforexitingelaxatiormode.

AverageCurrent]

Qmaxand)maxl

Genericallgalled Qmaxhesdynamicariablesontaitheespectivenaximurshemicatapacitghe
activeelprofilesandraleterminedyomparingtatethargdeforandfteapplyinghdoadvithihe
amounb€harggassedThewls@orresponda@apacityveryowatetlischargesuclas/20ateFor
higlaccuracythisaluéeriodicallypdatetithbg2751duringperatiorBasedthbattergell
capacitynformationthenitiavalue@€hemicatapacitghouldenteredihe Qmanx
celprofileThémpedanc&rack™algorithnupdatesheseraluegnanaintainghenirthessociatedctual
celprofiles.

UpdateStatusOUpdateStatusl

Bi0x01pthe UpdateStatusn
imccurateTheemainingitareeservedBit@statuflaghatathesebyhdq2751@lthougla
usecamodifytBi@houlshevebaenodifie@xcepivherreatinggoldeimagédil@explainedihe
applicatiomoté’reparingdptimizedefaulFlasiConstantfospecifiBatteryypegSLUA334
updatecasieededyhdg27510.

AvgdLastRun

Thé&g2751Mmgtheurrenaveragefronthbeginningthendéacklischargeycledtorethis
averageurrerftorthpreviougischargeyclihisegistef hieegisteshouldevereetbe
modifiedli®nlypdatedyhdg2751@vhemequired.

AvgRLastRun

Thég2751bgthpoweaveragefronthbeginningthendéacklischargeycledtorethis
averag@owefronth@reviouslischargeyclathisegisterTgegorrecaveragpowereadinghe
bg2751@ontinuouslynultipliegstantaneousurrentimes Voltage(
derivéhaverag@owelThisegisteshoultheveneedbenodifiedivnlypdateththéq27510
whemequired.

Deltavoltage

Thég27518torethenaximundifferencef
Impedanc@&rack™lgorithmanalculateemainingapacitigrulsetbaddbaecommendetb
changehivalue.

DefaultRandRarables

Thesdablesontairencodediatandyitlihexceptiorothe
durindeviceperatiorNosathangeshouldmadexceftreading/writinthealuefsora
pre-learnegacKparotheprocessocreatingyoldenmagdiles).

DETAILEDPINDESCRIPTIONS

TheOperationConfiguration Register

Soméng2751pinareonfiguredidghe OperationConfiguration
3Thisegisterprogrammed/readsidhenethodslescribedrBection

Voltagel duringhotbadpikeandormdbadsthe

QuitCurrent

fieldoeactlefault

registersndicateshathdq2751Mhadearnechevmayarameterand

pdnBits

tgepowerthefogshislatéo

DefaultRa ables arautomaticallypdated

datdlashiegisterasndicatedTablé
AccessinghédatalashTheegister

isocatedsubclass=-64pffsetd.
Tablel0OperationConfiguration BitDefinition
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
H i WG TSRS
| FOREES- RAIE/FPORS
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RESCAmRo-loadatetompensationapplieddheeserveapacityalculationTruavhersetDefaultd.

BAT_GDverridevitithegaugeenterdHIBERNATEnlyduedheeloltagetheBAT_GDwilhot
BATG_OVRegateTruavhersetDefaulidlbotiturrenandoltageardelovtheHIBERNATEhresholdsthe
voltageonditiorcheclaboveprecedenbvetheurrentonditiorcheck

Pirfunctiorcod¢PFCmodeselectionPF@1p&electedy/00/10d/0respectivelyDefaults
PFC(0/1).

IWAKE/RSNS1/RSNSEhesaitconfigureheurrentvakdunctior{see Tablell )Default9/0/1.
IDSELENEnableselprofileselectiorfeatureTruavhersetDefaults.

PFC_CFG1/PFC_CFGG

SLEEFEhduegaugearentesleepibperatingonditionsllowTruavhersetDefaulis.
RMFC®&MsipdatedvithihevaludronFCCorvalichargaerminationTruavhersetDefaulisl
BATL_POBAT_LOWpinsctive-highTruavhersetDefaulidl.
BATG_POBAT_LOW/BAT_GDpinsctive-lowTruevhertlearedDefauli®.
BAT_FM&elect8AT_LOWbitlearpfBAT_GObisetjunctiorompirl2Defaulid.
TEMPSelectexternathermistofoil emperaturefneasurementsTruevhersetDefaulisl.

PinFunction CodeDescriptions

Thbg27518athrepossiblpin-functiomariationthatabeelectethccordancwittheircuit
architecturetheendapplicationEactvariatiomadbeerassignedpirfunctiorcodepPFC.

Wheth®FGetihnltheq2751theasurebatteriemperaturendedischargandelaxation
conditionsThehargedoesoteceivanynformatiorironthéq2751@bouthéemperatureeadingsand
thereforeperate®pen-loowithhrespectdatteryemperature.

RFCEkRF@Excegemperatur@lsmonitoredurinbatterghargingfharging
temperaturialisutsidéhereseangdefinedatiasiehargerabgisabledthe
BAT_LOW/BAT_GDinuntiteltemperatureecoversSeesection Chargdnhibit foadditionatletails.

Finallwhenhd FGset@thdatteryhermistocameharedetweerthduegjaugandheharger.
Thehargehasullsagethéhermistoduringpatterghargingywhiléhéuehaugeseshéhermistor
exclusivelyuringlischargeandatteryelaxation.

ThéPFGspecifiedn OperationConfiguration [PFC_CFG1PFC_CFGO]ThalefauliPFCGA.

BAT_LOW/BAT_GDPin

ThBAT_LOW/BAT_GDanultiplexinThdunctionslefinedy [BAT_FN] assystenprocessowittan
electricahdicatoobattergtatusth&AT_LOWunctiomactivatedthsignalingthenultiplexegbin

followshestatuothe [SOC1] biinhe  Flags] registerNotehatheolaritptheiroutputarbenverted
vidhe [BATL_POL] bibthe  OperationConfiguration .

Théng27510nusbperateérconjunctiowittotheelectronicsérasystenappliancesuctashargeroother
ICanapplicatiortircuitshatravappreciablgpowerAftedatteryinsertedntaheystemthereshould
bex@hargingdischargingurrenhighetharC/20sdhaaraccuratéO C\tarbeeadTheO C\aised
fohelpingleterminavhiclbatteryrofiléaseastonstituteparothdatterympedanceneasurement.

Whewatterimsertethtaystemthémpedancd&rack ™lgorithmequirethatehargingthe
batteryakeplacandhaanylischargédimiteddessharC/20-theseonditionaresufficienfothduel
gaugmkaaccurat®@CYyeadingl disabléhes@unctionsh8AT _LOW/BAT_GDRimmerely
negatedronthelefaulsettingOnca®CVeadindpabenadethdAT LOW/BAT _GIpimasserted,
therebgnablingatteghargingnegulaischargtfteatterirhe OperatiorConfiguration
[BATG_POL] bitarbaisedsethgolaritpthdattergoodignalshouldhalefaulconfiguratiomeed

tdechanged.

IPFQAth&AT _LOW/BAT_Ghpimalsaisedaisabldatterghargingvherthdog27510eadbattery
temperaturesutsidtheangdefinetly [ChargénhibiTemp.owChargénhibiTempligh]The
BAT_LOW/BAT_GDinéseturnedalesertedtatencéemperaturéallsvithitheange [Chargdnhibit
TempLow empHys,ChargelnhibitTempHighdT emHys] .
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BatteryDetectionusingtheBI/TOUTPIn

Duringpower-uphibernatactivitiespanytheactivityvher¢hdq2751deedsaleterminevhethea
batterygonnecteanotthéuejaugappliesiestobatterpresenceFirsthdl/TOUpinpuinto

high-AtatusTheveak .8MQ pull-upesistowilkeepghgimiglwhilendatterypresentWherdattery
is1sertedomlreadinsertedhpttheysterdevicah8|/TOUpiwibeulletbwT histates
detectedyhduegaugewhictpollshipirevensecondvhernhgaugdapowerA battery-disconnected

statusassumedvherihdq27510eadsihermistoroltagehatneal.5V.

TEMPERATURBVIEASUREMENT

Thbg2751teasurebatteriemperatureia$ $putprdetsuppligatteriemperaturstatus
informationthéuejauginglgorithrandharger-contragdectionsthgaugeAlternativelyitaalso
measureternabmperaturgigen-chipemperatureensohutnlihe [TEMPS] biaf Operation
Configuration registersleared.

Regardlesafhickensaasettmeasuremengysterprocessararequesheurrerattery
temperaturagallingpe Temperaturg(  functiofseSection StandarBat@ommand$@pecific
information).

Thexternalemperatureneasurementircuithustiseé 03AT-typehermistorAdditionatircuihformation
foconnectinghighermistotdhéq27510@shownrSection Reference&schematic.
OVER-TEMPERATURHENDICATION

Over-Temperature: Charge

tfuringharging, Temperaturé(  reacheththresholdf OThg fageriodf OThgime and
AverageCurrentf >XhgCurrentThreshold therthe [OTC] biof Flags] isetWhen  Temperature] fallso
OTChgRecovery the [OTC] of Flags] iseset.

If OTChglime  fiherfeaturezompletelydisabled.

Over-Temperature: Discharge

Hurindischarging, Temperature( reacheththresholdf ODsg fameriodf ODs@ime and
AverageCurrent] < -DsgCurrentThreshold therthe [OTD] biof Flags] isetWhen  Temperature] fallso
OTDsdgRecovery the [OTD] of Flags] iseset.

If ODsglime  Afherieaturezompletelylisabled.
CHARGINGANDCHARGE-TERMINATIONNDICATORS

DetectingChargeTermination

Fopropebq2751@perationtheelthargingyoltagenusbespecifiedyheiserThelefaulvaludothis
variables ChargingVoltage =4200mV.

Thédqg2751@etectehargeerminationvherflilurin@onsecutiveeriodof CurrentTapeiVindow the
AverageCurrent] i TapelCurrent (2iuringhsameeriodstheccumulatedhangétapacityMin

Tape€hargé CurrentTapeWindow and3) Voltage] > ChargingVoltageTapeNloltage Wheithis
occurghe [CHG] bibf Flags| islearedAlsadihe [RMFCC] bivf OperationConfiguration iseand
RemainingCapacityj iseequato FullChargeCapacityj.

ChargelnhibitandSuspend

Thbg27510amdicatevhebattertemperaturbafallebelowisenboveredefinethresholds
ChargdnhibitTemp.ow or ChargdnhibitTemgHighrespectivelylthisnodeth§CHG_INThitset
andh8AT_GpinslesertedandicatehiconditionThgCHG _INThitklearecindheBAT _GIpirs
assertedncéhdatteryemperatureeturnstheange [ChargdnhibitTempon emplys Charge
InhibitTempHighTemgHys] .
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WherPFGithdg2750%anndicatevherbatteryemperaturdnagalleroeloveriseraboveredefined

thresholds Suspend_owl'emp or SuspendHighTemprespectivelyithisnodeth¢XCHGhiseto
indicat¢hisonditionThXCHislearedncehbatteriemperatureeturnstheange [Charge
InhibitTempLowsTempHys,ChargelnhibitTempHighTempgHys] .

TheharginghouldhostartvherthéemperaturébelovtheChargénhibiTemp.ovoaboveheCharge
InhibiTemiHighThehargingarcontinuégthehargingtartsnsidehavindowChargeénhibiTemg_ow,
ChargénhibiTempighlintiheéemperaturéeithebelovbuspend oWl emmabovehé&uspend.ow
TempThereforethavindovfChargénhibitemp.owChargénhibiTemplighinusbénsidehavindow
ofSuspend.owl empSuspendighiremp].

POWERVODES

Thdg2751GasoupowemodesNORMALSLEEPHIBERNATENBATNSERTCHECKINORMAL
modethdq27510ullypoweredndarexecutanyllowableasklitsL EEnodehduefjaugexists
imeduced-powestateperiodicallyakingneasurementangberformingalculationsliHBERNATEnode,
théuejaugésaerjovpowestatebutamevokenppgommunicationFinallthdATNSERT
CHECHKnhodé@owered-ugubw-powenaltedstatawhertheq27510esidesvhenbatteris
insertedntdhesystem.

Theelationshipetweertheseanodesshowrin Figure .
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POR
Exit From HIBERNATE
Battery Removed v
Exit From HIBERNATE BAT INSERT CHECK
Communication Activi
AND Comm ad S is for bg27510 Check for battery insertion
bq27600/1 clears Control Status from HALT state.
[HIBERNATE] = 0 No gauging Flags [BAT_DET] = 0
Recommend Host also set Control
Status [HIBERNATE] = 0
/ \ Entry to NORMAL

Flags [BAT_DET] = 1 Exit From NORMAL

Flags [BAT_DET] =0

Y
NORMAL

Fuel gauginga ndd ata
updated every 1s

HIBERNATE

Disable all bg27510
subcircuits except GPIO.
Negate /BAT_GD

Exit From SLEEP

Communication Activity

Comm address is NOT for bq27510 Flags [BAT_DET] =0

Entry to SLEEP
Operation Configuration[SLEEP] = 1
AND

| AverageCurrent() |< Sleep Current

Exit From SLEEP
| AverageCurrent( ) | > Sleep Current
OR

Current is Detected above lyake

Cell relaxed
AND
| AverageCurrent() | < Hibernate

WAIT_HIBERNATE

OR SLEEP
Fuel . d dat Host must set Control Status
Cell relaxed uel gauging an ata [HIBERNATE] =0 Fuel gauging and data
AND updated every2(s econds AND gauging

VeewL < Hibernate Voltage updated every 20 seconds

/BAT GD unchanged Veew > Hibernate Voltage

System Shutdown Exit From SLEEP
\\ / (Host has set Control Status
[HIBERNATE] = 1

OR

Vcew < Hibernate Voltage

Figure2PowerModeDiagram

NORMALMode

ThéuepaugésNORMAIModevhemoitanythepowemodeDuringhisnode, AverageCurrent],
Voltagel and Temperaturel measurementargakeranthaterfaceataaapdateddecisionto
changestatearalsanadeThisnodeexitedyactivatingdifferenpowemode.

Becaus¢hg@augeonsumeshenospoweiNORMAIMmodethémpedancd rack ™algorithnminimizes
theimehduegaugeemaingrthisnode.

SLEERMode
SLEEPnodésnterecutomaticallyhéeaturéenabled OperationConfiguration [SLEEP]#&nd
AverageCurrenf( ibelokh@rogrammabléevel SleefCurrent.  OncentrintSLEEPodaabeen

qualifiedbupriot@nteringtthdoq27510performarADCGutocalibrationtaninimizeffset.

DuringsLEERnodethdq2751periodicallyakeslataneasurementandpdategslatsetlowevera
majorityitdimespentrandleondition.
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Théqg2751@xitSLEERAngntrgonditionbrokenspecificallywherfl) AverageCurrent] risesabove
SleepCurrent o(2xurrenirexcesof wake throughR  gense isletected.

Itheventhabatterisemovedronthesystemvhil@hargeipresentangoweringhgauge),
Impedancd@rack™ipdatearaatecessarniencethéugjaugenterstatthatheckfdoattery
insertiorandloesiotontinueexecutinghdmpedancé rack ™algorithm.

BATINSERTCHECKMode

Thisnodéshalted-CP$tat¢hadccursvhemmdapterpothepowesourceipresentpowethe
bg2751(andystemyatbatterhiabeedetectedVhebatterinsertioidetectedseriesf
initializatioactivitiebegirnwhicmcludedCyheasuremensettindhBAT _GPirgndelectinthe
appropriatédatteryprofilesTheatterynsertiordetectionakesabou8ms.

Someommandsissuedsystenprocessorcam@rocesseavhiléhdg2751@haltedithisnode.
Theyaugevilwakaiggprocestheommandtheneturndhédaltedtateawaitindatterynsertion.

HIBERNATEMode

HIBERNATEhodshoulth@seavhethsystenequipmemnmeedsentezerjow-powestateand
minimagaug@oweconsumptiomsequiredT hisnodédealvhe@ystenequipmenisetitewn
HIBERNATESHUTDOWNpOFmodesThduegjaugearenteHIBERNATHuédeithelovceNoltage
otowoadturrent.

« HIBERNATHuétheelloltageWhetheelNoltageropbelowhélibernat®/oltagandralid
OC\neasuremenhadeemakenthduajaugentersliBERNATENodd h¢HIBERNAT Ebivthe
CONTROLlregistehasiompacfothduejauga@ntetheHIBERNATENode.

» HIBERNATHuddhdoadurrentithdueyaugesntershedIBERNATEnodeluedhdoadurrent,
thgHIBERNATEDibtheCONTROL_STATUSegistemusbesetTheyaugevaitt@nteHIBERNATE
modeantihasakemvalid® CVneasuremenandhenagnitudetheverageelturrenbhagallen
belowHibernateCurrent.

ThgaugsvilemaindIBERNATEnodenttheystenssuedired2 €Commandthgaugea
PORccursli2@ommunicatiothaisotlirectedohgaugeavitholvakehgaugéoaieastovery

long).
DuringlibernatmodthBAT_GDBignasegatethbattergharging/discharging)higreventa
chargeapplicatiofrormadvertentlgharginthbatterpefora®@Cyeadingahtakerithe

system’sesponsibilityavakehdq2751@fteibhagonéntdl BERNATEnodeAftewakingthgauge
camproceedviththeénitializatiorothdbatterynformatiofOCVprofileselectionetc.)

Isuggestetkeethsysterth€LEERodasteadfiBERNATEodeheahargdas
attachedTheeasonshathargeremovaWwilhotvakeighdatteryronHIBERNATENode.

POWERCONTROL

Resetfrunctions

Whelthdq2751@etectsoftwareeset [RESET] biof Control] initiated)ifletermineshéypefeset
anthcrementtheorrespondingounterThigyformatiomccessibleissuintheommand ControlY

functiowiththdRESET_DATAsubcommand.

Ashowrin Figurg ipartialesetvasietectediRAMhecksunigeneratedindomparecgainsthe
previouslgtored¢hecksumithehecksunvaluesimomatchth& ANkeinitializeda FulReset)The
storedthecksunsipdatedveryiméeRAMsltered.
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Generate Active
RAMchecksum
value

Stored
checksum

DotheChecksum
ValuesMatch?

Re-initializeall
RAM

NORMAL
OPERATION
ActiveRAM
changed?
Store Generatenew
checksum checksumvalue

Figure3PartialReseflowDiagram

Wake-UpComparator

Thevakepgomparatosisetindicat@ahangasetturrenvhiléheg2751ESLEEMOde.

Operatioonfiguration usdsts [RSNS1-RSNSO] s#seEngesisteelection. Operation
Configuration alswiseshe [IWAKE] bitseleconetivgossibleoltagéhresholdangesothgiven
senseesistoselectionAimternahterrupgeneratedvheth¢hresholdbreachedeithecharger
dischargalirectionsSettingoth [RSNS1] and [RSNSO] tddisableghideature.
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Tablelll ke ThresholdSettings

RSNS1 RSNSO IWAKE Vth(SRP-SRN)

0 0 0 Disabled

0 0 1 Disabled

0 1 0 +10m\oF-1.GnV

0 1 1 +2.2M\6F-2.2nV

1 0 0 +2.2M\6F-2.2nV

1 0 1 +4.6n\or-4.6nV
1 1 0 +4.6n\or-4.6nV

1 1 1 +9.8n\6r-9.8nV

(Iheactuatesistanceralueversushesettingpthesensgesistorsoimportantjustheactual
voltagehresholdvhertalculatingheonfigurationThevoltagehresholdsreypicalaluesinder

roomemperature.
FlashUpdates
Datd-lasttaronlhpeipdatedf Voltage] = FlashUpdateOKVoltage Flastprogrammingurrentarcause
anncreaseai.DQropoutThevaluef FlashUpdateOK/oltage shouldeselecteduchhathdg27510

Vcwoltagaloesotalbelowtsninimuno®.4\durind-lastwriteperations.

AUTOCALIBRATION

Thég2751providesrautocalibratioreaturehatvilneasuréhevoltageffseerroacrosSRRNGRN
frortime-to-timasperatingonditionshangetubtracteesultingffsetrrdromormalense
resistoroltage) SRfomaximunmeasuremenaccuracy.

AutocalibratiortheADMegin®rentrysLEERNodeexcepif Temperature] is < 5Tor Temperature
Z45°C.

Théuadaugalsperformsingleffsevhefilitheonditionf AverageCurrent( < 100mAan@)
{voltagehangsinctastffsetalibration = 256m\gitemperaturehangsincéastffsetalibratiors

greatethar80<Cfor = 60s}.

Capacitandgurrenteasurementsvitontinuethéasteasuredateluringheffsetalibratiomvhen
thesmeasurementsanndiperformedhbatteryoltagdropsiorthaB2m¥durintheffset
calibrationthdoadturrenhadikelyncreasedonsiderablyhencetheffsetalibratiorwilbeaborted.

APPLICATION-SPECIFICINFORMATION

BATTERYPROFILESTORAGEANCSELECTION

CommonProfileAspects

Wherdattenpacksemovedronsystenequipmenthaimplementshdng27510thduegaugenaintains
somefthdatterynformationirtasdise-insertedT hisvaghémpedancd rack ™algorithnoftehas
mean®fecoveringdattery-statusnformationtherebynaintainingyoodtate-of-chargg SOCgstimates.

ThelefaulbatterprofilesravailabléstordatterynformationThenreisedprovidé¢hémpedance
Track™algorithmvitthelefaulinformatiomnthédatteryypexpectedbesedviththend-equipment.
ThelefaulprofilesameisedsupporbatterieesamehemistrypudifferentapacitiesDefaulprofiles
ar@rogrammedbyhend-equipmeninanufacturerOnlypnethelefaulprofilesameelectedandhis
selectiortannobechangediuringgend-equipmenbperation.

Imdditionah@efaulprofilesthdng27510naintainswactiveprofiles: Cell0 and CelllThes¢ablesold
dynamic battergataankeepraclothestatusoupdwmthenostecenbatteriesisedinmostases
thébg2751@armdministraténformatiororiwaemovabldatterypacks.
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Activities UponPacKnsertion

FirstOC\andmpedanceMeasurement

Apower-uph8AT_LOW/BAT_GDiinactivesthatheystencannobbtaipoweironthdattery
(thislependsmctuaimplementation)lthistatethéatterypuiaompen-circuitonditionNexthe
bg2751@neasureddirsbpen-circuitoltag¢OCVYyigh&APinFronth@© CV(SOCableth&O Of
thinsertefatteripoundlhethBAT _LOW/BAT_GDRimadactivegntheanpedancehe
insertedbatterysalculatedrontheneasuredoltagandhdéoadurrentZ(SOCHCV(SOCH
Thismpedancesomparedviththémpedancethelynamiprofiles, Packnandhelefaulprofiles, Defn,
fothsameSOQthdetterdepicteithea Oorl).

ReadingApplication Status

The Application Status  datflashocatioontainselprofilstatunformationandameeadsinghe
ApplicationStatug(  Extende@omman(Dx6a).hbdonfiguratiodhiunction/locatioishowim

Tabld2 .
Tablel2. ApplicationStatus( ) BitDefinitions
bitl bit2 AgtSicdtigh bit5 hbit6 bit7 bit0
Configuration
Byte - - - - - - LUPROF @
(WY_PROF asprofileisedyagauge. CellOlastisedvhertleared. Celll lasusedvhersetDefaultd.

APPLICATION-SPECIFICFLOWANDCONTROL

Thdg2751@upportenipnaypebatterprofileThiprofiléstoredtiotihe Def0 and Defl profiles.
The Defn and Packn profilesré¢hsamenhdirsyaugetart-upThethémpedancdrack™algorithm
begingagaugingregularlyipdating Packn aghéatterysised.

Wherarexistingpacksemovedronthdq2751@ndiifferenfosamepackinsertedceimpedance
wibheneasureimmediatelaftebattergetectionThédg2751@hoosesh@rofilevhiclielosestthe

measuredmpedancestartingvithihe Packn profilesThatsitheneasuredmpedanceanatches PackOthen
the PackO profilesisedtheneasure@mpedancenatches Packlthethe Packl profilessedthe
measuretnpedancdoeaanatcthempedancstoredither PackO or Packlthbatterpacls
deemedewnonethgreviouslysegacks)The Def0/Defl profilezopiednteithethd®ack®r Packl

profilepverwritingheoldest Packn profilaised.
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COMMUNICATIONS

I’GNTERFACE

Théng2751Gupportshestandard 2Qeadincrementateadquickeadondytevriteandncrementavrite
functionsTh@idevicaddresgADDRhenossignificanbitsthbeaddresanifixeds
1010101The3-biteviceaddreswilthereford@xAfoOxABowrit@readrespectively.

[77=]

| Hostgenerated |:| bg27510 generated

Vs,

Si ADDR[6:0] #0]A} CMD[7:.0] A} DATA[7.0] {A[P ijE ADDR[6:0] #1]A| DATA[7:0] NmP
(a) 1-bytewrite (b) quickread l
S} ADDR[6:0] $0{Af CMD[7:0) {A|Sr} ADDR[6:0] #1]A| DATA[7:0] EE
(c) 1- byteread
S| ADDR[6:0] 10]A| CMD[7:0] AEEE ADDR[6:0] | 1{A| DATA[7:0] [A]. DATA[7:0] E@E
(d) incrementalread

Si ADDR[6:0] f0]Af cCMD[7:0] |A| DATA[7.00 |A| DATA[7:.0] {A}. ]AlP
(e) incrementalwrite
(S = Start, Sr = RepeatedStart, A = Acknowledge, N = No Acknowledge, andP = Stop).

Figure4Supportedl  2GFormats

Théquickeadreturnslatath@ddresindicatethyh@ddrespointerThaddrespointeraegister
internaiahe 2@ommunicatiorenginewiihncremenivhenevedatascknowledgedyhdq2751®the
I2Gnaster‘Quickvritestunctionthesamenanneandireconvenienmeans$endingnultipldyteso
consecutiveommandocationgsucltagwo-byteommandghatequirdwdyteoiiata)

Thdollowingommandequencearerosupported:
Attemptavritaread-onlhaddres§NACKaftedatasenbynaster):

(' sli| ADDRrs:0] A|] CMD[7:0] HAm DATA[7:0] iimiﬁi
—_— —

Attemptoeadiraddresabovédx6ENACKommand):

[ Aooriso_JoJa[_cworo | nJP]

I’CTIMEDUT

The “GnginavilteleasdotiSDANGClithd2Musdheldoiorbouecondslthég2751avas
holdinghdinesreleasinghenwilfredothenastetalrivehdineslarexternatonditiondoldingeither
othdinedowthe 2@nginavilentethdowpowesleepnode.

I>’CCOMMANDNAITINGTIME

Tanakesureheorrectesult®&ommandvithhe00kHz 2@perationgropewaitingimehoulde
addebetweerssuingommandndeadingesultdzasubcommandshéllowingiagrareshowthe
waitingmeequirebdetweeissuintheontra@ommantheeadinthstatusitthexceptioof

checksuntommandA 00msvaitingimesequiredetweernhehecksuntommandndeadingesultFor
read-writstandardommandsminimuna®econdgequiretigetheesulipdated-oread-only
standardommandsheréewaitingimeequiredputhéosthouldassuatandardommands
more¢hartwaimepesecondOtherwiseth@augeouldesulimeseissueludédhexpiratiorothe

watchdodimer.
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COMMUNICATIONSccontinued)

S|l ADDRI6:0] [JOJA[ cMD[7:0] |A[ DATA[7:0] {Al DATA[7:0] HA[P] 66us |
SI ADDR[6:0] oAl cmD[7:0] W Alsrl ADDR[6:0] {1]A| Dataro] Al DATA[7:0]  INYPY  e6us |

=

Waitingtimebetweencontrolsubcommandandreadingresults

ADDR[6:0] {0 AH CMD[7:0] HA ADDR[6:0] MA' DATA[7:0] [A] DATA[7:0] [A]
DATA[7:0] DATA[7:0] [NIP] 66us

Waitingtimebetweencontinuousreadingresults

Thé 2Qlocktretcltoulthapperirypicahpplicationdnaximun8Omslocktretcitould@bserved

duringhdlastupdates.
REFERENCECHEMATIC
J3
1 CHARGER+
LOAD+ (HOST)
o BI/T0UT] TO HOST GPIO DIGITAL INPUT
1.8M
U1
™ BQ27510DRZ BAT_Gb/BAT_Low] TO HOST GPIO DIGITAL INPUT
s rﬁ 11B1/TOUT  BAT_ GD/BAT_LOW[-12
—A— 2 REG25 scutH (sc TO HOST SCL
Ji [—iREGIN DA ;0 (SDA| TO HOST SDA
PACK+ > < AT TSre J2
T lvee <SRN
ne | |3 C1L C2] O3 c4 8lies ez RS _H:I CHARGER—
pack— | L @.1uF| 33nF| @.1uF *Ta.47uF PwPd c7 100 LOAD— (HOST)
113 == —WWN—
T ce| 0-10F o012
= 0.1uF L R7
ca| A =
0.1uF R6
100
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PACKAGING INFORMATION

Orderable Device status @ Package Type Package Pins Package Qty Eco Plan @ Lead/ MSL Peak Temp (©] Samples
Drawing Ball Finish (Requires Login)
BQ27510DRZR-G1 NRND SON DRz 12 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
BQ27510DRZT-G1 NRND SON DRZ 12 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl 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 Tl 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: Tl has discontinued the production of the device.

@ EcoPlan-The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/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, Tl 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): Tl 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)

® 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. Tl 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. Tl 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.
Tl and Tl 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 Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
s |+ KO [¢—P1—
OO0 006 0O T
& © ’H Bo W
Reel X | — l
Diameter
Cavity +I A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ 1
—f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O OO0 O OO0 O O?——Sprocket Holes
1
I
v ® e
4--9--A
Q3 1 Q4 User Direction of Feed
%
T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package | Pins | SPQ Reel Reel A0 BO KO P1 w Pin1
Type |Drawing Diameter | Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)
BQ27510DRZR-G1 SON DRz 12 3000 330.0 12.4 2.8 43 12 4.0 12.0 Q2
BQ27510DRZT-G1 SON DRZ 12 250 330.0 12.4 2.8 43 12 4.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS

At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e a
*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

Pack Materials-Page 2
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MECHANICAL DATA
DRZ (S—PDSO-N12) PLASTIC SMALL OUTLINE

(@3]

3,85

PIN 1 INDEX AREA

f 0,20 REF.

| j TESEATNG PLANE
0,50 — 0,40 8%

EXPOSED THERMAL PAD//

\

ﬂﬂﬂ‘ﬂﬂﬂ

ol e 6x @ [G]# 0,0 @[C[A[B]  4207806/B 04/06

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and to\eroncmg per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.
C.  Small Outline No—Lead (SON) package configuration.
The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.

E. This package is lead—free.
M TEXAS
INSTRUMENTS

www.ti.com
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THERMAL PAD MECHANICAL DATA

DRZ (R=PDSO—N12) PLASTIC SMALL OUTLINE NO—=LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

JUUUUL

— Exposed Thermal Pad

2,45£0,10 —— - - - - T

0,20 4X

InanAnARAN(l

¢ 1,95+£0,10 ———»

Bottom View

NOTE: All linear dimensions are in millimeters

Exposed Thermal Pad Dimensions

4208114/E  06/10

wip TEXAS
INSTRUMENTS

www.ti.com
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LAND PATTERN

DRZ (S—PDSO—N12) PLASTIC SMALL OUTLINE NO—LEAD

Example Stencil Design
Example Board Layout 0,125 thick stencil
(Note E)
3,25
10x0,4 —=— [=—10x0,4
1 » l=—4x0,525
O O B ] 40,8 |
4x0,25 4x1,0
O O 31 48 2,45 315 4,75
0,24f
—— <—012
\\\ 12x0,8 ‘ ‘« 19502
/ \,
// \\ 68% solder coverage on center pad
/ .
/ Non Solder Mask N
/ Defined Pad AN
A Example \\\ ‘ Center Pad Geometry |
e N i N 3,3
e . Solder Mask Opening WV\‘ : ‘
/ (Note F) T 1
el i 4
/ 4x0,25
J RO, 4x0,9
j
« # @—L O 2,45
i
\. T 0.2 Pad Geometry 3x1,0
\ 0.05 ' (Note C)
\ , ] ] T
\ /
AH Around J 6100,
AN i 1,95
T T 4208113,/C 06/10
NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC=7351 is recommended for alternate designs.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack

Packages, Texas Instruments Literature No. SCBAO17, SLUA271,

and also the Product Data Sheets

These documents are available at

for specific thermal information, via requirements, and recommended board layout.
www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners
contact their board assembly site for stencil design recommendations.

F.

will offer better paste release. Customers should
Refer to IPC 7525 for stencil design considerations.

Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.

wi3 TExAs
INSTRUMENTS

www.ti.com
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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.

Tl 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 Tl 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 Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl 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 Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl 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. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl 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 Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl 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 Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl 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.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl 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 Wwww.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/Iprf
TI E2E Community Home Page e2e.ti.com
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