EVALUATION KIT AVAILABLE

Click here for production status of specific part numbers.

MAX17301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
MAX17311-MAX17313 Protector and SHA-256 Authentication
General Description Benefits and Features

The MAX17301-MAX17303/MAX17311-MAX17313 is a e Battery Health + Programmable Safety/Protection
24pA |q stand-alone pack-side fuel gauge IC with protec- » Overvoltage (Temperature Dependent)

tor and optional SHA-256 authentication for 1-cell lithium- + Overcharge Current

ion/polymer batteries. + Over/Undertemperature

The IC monitors the voltage, current, temperature, and * ldeal Diode Discharge During Charge Fault

state of the battery to provide against over/undervoltage, » Charging Prescriptions (JEITA)

overcurrent, short-circuit, over/undertemperature and » Zero-Volt Charging Option

overcharge conditions protection using external high-side » Undervoltage + SmartEmpty

N-FETSs, and provides charging prescription to ensure that  Overdischarge/Short-Circuit

the lithium-ion/polymer battery operates under safe condi-

tions prolonging the life of the battery. e Nonvolatile Memory for Stand-Alone Operation

« History Logging, User Data (122 Bytes)
To prevent battery pack cloning, the IC integrates

SHA-256 authentication with a 160-bit secret key. Each IC ~ ® oW Quiescent Current

incorporates a unique 64-bit ID. * FETs Enabled: 24pA A(_:tive, 18uA Hibern_ate
) * FETs Disabled: 7yA Ship, 0.5uA DeepShip,
The fuel gauge uses ModelGauge m5 algorithm that com- 0.1pA UV-Shutdown

bines the short-term accuracy and linearity of a coulomb o
counter with the long-term stability of a voltage-based fuel ~ ® Pushbutton Wakeup—Eliminates System
gauge to provide industry-leading fuel-gauge accuracy. Consumption Until Button Press

The IC automatically compensates for cell aging, temper- e ModelGauge m5 E.Z Al_gorlthm

ature, and discharge rate, and provides accurate state-of- * Percent, Capacity, Time-to-Empty/Full, Age
charge (SOC) in milliampere-hours (mAh) or percentage * Cycle+™ Age Forecast

(%) over a wide range of operating conditions. Dynamic Power—Estimates Power Capability

Dynamic power functionality provides the instantaneous ~ ® Precision Measurement Without Calibration

maximum battery output power which can be delivered + Current, Voltage, Power, Time, Cycles
to the system without violating the minimum system input + Die Temperature/Thermistor
voltage.

Ordering Information appears at end of datasheet.
A Maxim 1-Wire® or 2-wire I2C interface provides access

to data and control registers. The IC is available in a  Simple Fuel Gauge with Protector Circuit Diagram

lead-free, 3mm x 3mm 14-pin TDFN and 1.7mm x 2.5mm BATTERY PACK SYSTEM
15-bump 0.5mm pitch WLP packages. scigguiin oo P
Applications S SRS
10Q " paYed 1

e Smartphones, Tablets, and 2-in-1 Laptops one IE T N
e Smartwatches and Wearables T oo e XTI
e Medical Devices, Health and Fitness Monitors 77 cpmionag | (MAXI7SX1 OV oW

L K . . | NTC THERMISTOR| ALRT/PIO HOST
e Digital Still, Video, and Action Cameras ! Rec e/ wp
e Handheld Computers and Terminals i o cse o5 oo
e Handheld Radios N S s

g . —_— |

e Home and Building Automation, Sensors L1 secondry :T + \AAA o om PK.
e Smart Batteries - -

ModelGauge and Cycle+ are trademarks of Maxim Integrated Products, Inc.
1-Wire is a registered trademark of Maxim Integrated Products, Inc.

maxim
19-100463; Rev 3; 5/19 Integratedvm


https://www.maximintegrated.com/en/storefront/storefront.html

MAX17301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
MAX17311-MAX17313 Protector and SHA-256 Authentication

TABLE OF CONTENTS

General DesCriPliON. . . . ... 1
APl CatONS . . . o e e 1
Benefits and Features . . . . . ... e 1
Simple Fuel Gauge with Protector Circuit Diagram. . .. ... . . e 1
Absolute Maximum Ratings. . . . . ... e e e 16
Package Information . . . ... ..o 16
T4 TDEN-EP . 16
IO W P . . 16
Electrical CharacteristiCs . . ... ... . . 17
Typical Operating CharacteristiCs . . . .. .. ... e e 21
Pin Configurations . . . .. ... e e e e 23
VP L 23
IO N L 24
Pin DesCriplioN . . ... e e 24
Functional Diagram . . ... .o e e 26
Detailed DesCription . . ... . e 27
General DesCriptioN . ... e e 27
PrO e Or . . . . e e 28
Protector Thresholds . . ... ... 33
Voltage Thresholds . .. ... . e 33

Ideal Diode Behavior . . . ... . 34

Current Thresholds . . ... ..o 35
Overcurrent Protection . ... ... e 36

Fast Overcurrent Comparators . . . ... ..ot e 37

Overcurrent Comparator Diagram . ... ... o e 37

Slow Overcurrent Protection. . . ... .. . 37

Temperature Thresholds . . . ... ... e e e e 37

Other Thresholds . . . ... ... e e e e e e 38
Disabling FETs by Pin-Control or I2C Command. . . . ... 38
Charging PresCriplion . .. ... e 38

Step Charging . . .. oo e e e 39

Zero-Volt Charging . . . . oot 39
ModelGauge m5 Algorithm . . . ... e e e 41
WakeUp/ShUtdOoWN . . .. . e 43
Modes Of Operation . . ... . . e e e 43
Power Mode Transition State Diagram . . .. ... .. 45
Pushbutton Wakeup . . . ... o e e 46

www.maximintegrated.com Maxim Integrated | 2



MAX17301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
MAX17311-MAX17313 Protector and SHA-256 Authentication

TABLE OF CONTENTS (CONTINUED)

Register Description ConVENtiONS. . . .. ... e e e e 46
Standard Register Formats . ... ... . . 46
DeviCe ReSet . . . 46
Nonvolatile Backup and Initial Value . . . ... ... . 46
Register Naming Conventions . . .. ... . e e e e e 47

Protection Registers . . . ... .. e 47
Voltage Protection Registers . . ... ... . e e 47

NVPrtTh1 Register (1D0R) . . . ..o e e e e 47
NVPITh2 Register (1D4h) . . . ..o e e e e e e 47
NJEITAV Register (1DOh) . . ..o e e e e 47
NJEITACTEG Register (1DAN). . . .. e e e e e e e e e 48
Current Protection Registers . .. ... .. .. 48
NODSCTh Register (1DDh) . . . . ..o e e e e e 49
NODSCCfg Register (1DER) . . .. ..o e e e 49
nIPrtTh1 Register (1D3h)—Overcurrent Protection Thresholds . ......... ... ... ... .. ... .. ... ..... 50
NJEITAC Register (1D8h) . . . ..o e e e e 50
Temperature Protection Registers . . ... ... e e e 51
NTPATHhT Register (1D Th) . . ..o e e e e 51
NTPrTh2 Register (1D5h) . . . ..o e e e e e e e e 51
NTPrtTh3 Register (1D2h) (beyond JEITA) . . . .o ot e e s 52
Fault Timer Registers . . . ... e e e e 52
nDelayCfg Register (1DCh) . . . .. ..o e e 52
Status/Configuration Protection Registers . . ... ... . e e 54
NProtCfg Register (1D7h) . . ..o 54
nBattStatus Register (1A8h) ... ... e e 55
ProtStatus Register (0DOh) . . .. ... 55
HConfig2 Register (TFOh) . .. . . e e e e e 56
Other Protection Registers . . .. ... .o 57
nProtMiscTh Register (1DBh) . . ... ... e e e e e e 57
Charging Prescription Registers. . . ... ... 57
ChargingCurrent Register (028h). . . .. .. .. e e e e 57
ChargingVoltage Register (02Ah) . .. ... 57
nStepChg Register (1DBh) ... ... e e e e 57

ModelGauge m5 Algorithm . . . . .. 58
ModelGauge m5 Registers. . . ... ... e 58
ModelGauge m5 Algorithm Output Registers. . . ... ... .. . 59

RepCap Register (005h) . . . ... e e e 59
RepSOC Register (006h). . . . ..ot 59

www.maximintegrated.com Maxim Integrated | 3



MAX17301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
MAX17311-MAX17313 Protector and SHA-256 Authentication

TABLE OF CONTENTS (CONTINUED)

FullCapRep Register (010R) . . ... o e e e e e e 59
TTE Register (011h) . ..o e e 59
TTF Register (020h). . . ..o e e e e 59
Age Register (007h). . .. oo 59
Cycles Register (017h) and nCycles (1A4h) . . .. .. e e e e e e 60
TimerH Register (0BEN) . . ... ..o 60
FullCap Register (010N). . . ..o e e e e 60
nFullCapNom Register (1ABN). . . ... e e e e 61
RCell Register (014h) .. ... e e e e e 61
VRipple Register (0B2h) . . . . ... e 61
nVoltTemp Register (1AAR) . . ... e e e e 61
SOCHoId Register (ODOR) . . . .. .ot e e 61
ModelGauge m5 EZ Performance . . ... .. ... e e e 62
OCYV Estimation and Coulomb Count MiXing . . . . .. ..ottt 62
Empty Compensation . . ... ... e e 64
End-of-Charge Detection . . ... ... . 65
Fuel Gauge Learing . . ... .. e e e e e 67
Converge-To-EmMpPty . . ..o e 68
Determining Fuel-Gauge ACCUIacCy . ... ... it e e e e e e e e 69
INItial ACCUIRACY . . . . o oo e e e 69
Cyclet Age FOorecasting . . . ..ot e e 70
nAgeFcCfg Register (TE2h). . ... ..o e 70
AgeForecast Register (0BOh) . . ... .. e 71
Age Forecasting Requirements . . . .. ... e 71
Enabling Age Forecasting . . . . ... o i e e 71
Battery Life LOgging . . . . ..o ot 72
Life Logging Data Example . .. ... e e 72
Determining Number of Valid Logging Entries. . . ... ... . 73
Reading History Data. . . ... ... e 76
History Data Reading Example . . . .. ... e 76
ModelGauge m5 Algorithm Input Registers . . . ... ... e 76
nXTable0 (180h) to nXTable11 (18Bh) Registers . .. ... ... e 76
nOCVTable0 (190h) to nOCVTable11 (19Bh) Registers. . . . ... ... . e 77
nQRTable00 (1A0h) to nQRTable30 (1A3h) Registers . . ... .. .. s 77
NFUllSOCThr Register (1C6h) . . . ... e e e e e e e e e 77
nVEmpty Register (19ER) . .. . ... e 77
nDesignCap Register(1B3h) .. . ... e e e e 78
NRFast Register (TESN) . . . ... e 78

www.maximintegrated.com Maxim Integrated | 4



MAX17301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
MAX17311-MAX17313 Protector and SHA-256 Authentication

TABLE OF CONTENTS (CONTINUED)

niChgTerm Register (19Ch). . . . .. e e e e e e 78
NRCompO Register (TABN). . . ... .o e 78
NTempCo Register (TATR) . . ... e e e e 79
NIAVGEmMpPty Register (1ABN) . . . . ..o 79
ModelGauge m5 Algorithm Configuration Registers . .......... ... i e 79
nFilterCfg Register (19Dh) . . . ... .o 79
nRelaxCfg Register (1B6h) . ... ... e e e 80
nTTFCfg Register (1C7h)/CV_MixCap (0B6h) and CV_HalfTime (OB7h) Registers. . ................... 81
NConvgCfg Register (1B7h). . . . .. e e e e e e e 81
NRippleCfg Register (1B AN) . . ... ..o e e 82
ModelGauge m5 Algorithm Additional Registers . . ... .. . e 82
Timer Register (03EN) . . . ..o 82
dQAcCC Register (045h) . . ... e 83
dPAcc Register (046h). . .. ... o 83
QResidual Register (O0Ch) . . ... ..o e 83
VFSOC Register (OFFR) . ... 83
VFOCV Register (OFBh) . . ..o e e 83
QH Register (ADh) . . . ..o 83
AvCap Register (01FN) ... .o e e e 83
AVSOC Register (00ER). . .. ..o 84
MixSOC Register (00D ) . . ... .. e e e e 84
MixCap Register (02Bh). . . .. ..o 84
VFRemCap Register (04AN) . . ... e e 84
FStat Register (03Dh) . .. ..o 84
MmOy . . o o e e e e e 85
ModelGauge m5 MemMOry SPaCe . . . . ...ttt 86
Nonvolatile Memory . . ... e e e 87
Nonvolatile Memory Map . . . . ... 87
100 Record Life LOgging . . . ottt e e e e 87
NNVCTg0 Register (1B8N) . . . ..o e e e 89
NNVCEg1 Register (1BON) . .. ..o e e e e e e e 91
NNVCg2 Register (TBAN) . . .o e e e e 92
Enabling and Freeing Nonvolatile vs. Defaults . .......... ... . . . . e 93
Shadow RAM . . . . 99
Shadow RAM and Nonvolatile Memory Relationship .. ....... ... .. . . .. 100
Nonvolatile Memory Commands . . . .. ... ..t 100
COPY NV BLOCK [EQO4h] . . . .ot e e e 100

NV RECALL [EOOT N . . . .o e e e e e e e e 100

www.maximintegrated.com Maxim Integrated | 5



MAX17301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
MAX17311-MAX17313 Protector and SHA-256 Authentication

TABLE OF CONTENTS (CONTINUED)

HISTORY RECALL [E2XXR] . . oot e e 100
Nonvolatile Block Programming. . . . ... ... 101
Determining Number of Remaining Updates. . . ... ... . i e e 101
nLearnCfg Register (1OFN) . . ... .. 102
NMiscCfg Register (1B2h) . . ... .o e e e 103
nConfig Register (1BON) . . ... o e 103
NPackCfg Register(1B5h) . . ... o e e 105
nDesignVoltage Register (TE3N) . . . ... . 105

MeEmOry LOCKS . . .. e e e 105
NV LOCK [BAXXN . . . oo e e e e e 106
Locking Memory BlOCKS . . . . . oo e e e 106
Reading LoCK State . . . .. ..o 106

ANalog MEasUrEmMENTS . . . . . e e e 107

Voltage Measurement . . ... .. . e 107
VCell Register (01AN) ... o e e e e e 107
AvgVCell Register (010N) . . ..o 107
MaxMinVolt Register (0008h) . .. ... .. e e e 107
MinVolt Register (DADR) . . .. .o 108
Cell1 Register (OD8h) . ... ..o e e e e 108
AvgCelll Register (OD4h) . . ..o 108
Batt Register (0D 7h) . . ... e e e 108

Current MeasuremeNnt . . ... ... 108
Current Measurement TimiNg . . ... ..t e e 109
Current Register (01Ch). . . ... 109
AvgCurrent Register (01Dh) ... ... o e e e 109
MaxMinCurr Register (00AN) . . . ... o 109
MinCurr Register (QAER) . . . ... e e e e 110
NCGain Register (1C8h) . . ... 110
CGTempCo (0B8h)/nCGTempCo (Ox1CO) Register . .. ... ... e e e 111
Copper Trace Current SENSING . . . . . ..ottt e e e 111

Temperature Measurement . . .. ... e e 111
Temperature Measurement TImMiNg . . . . ... .. e e 112
Temp Register (01Bh) .. ... e e e 112
AVgTA Register (016h) . . ..o 112
MaxMinTemp Register (000h) . . ... ... e e e 112
NTCurve Register (1CON). . . . .o e 113
nTGain (1CAh) Register/nTOff (1CBh) Register . . .. ... ... . e e 113
DieTemp (034h) Register. . . . ... 113

www.maximintegrated.com Maxim Integrated | 6



MAX17301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
MAX17311-MAX17313 Protector and SHA-256 Authentication

TABLE OF CONTENTS (CONTINUED)

AvgDieTemp (040h) Register . ... ..o e e e e 114
PO T . e 114
Status and Configuration Registers . .. ... . e e 114
DevName Register (021h) . . ... o 114
nROMIDO (1BCh)/nROMID1 (1BDh)/nROMID2 (1BEh)/nROMID3 (1BFh) Registers . . ................... 114
NRSense Register (1CFN) .. ... 115
Status Register (000N) . . . ... e e e e 115
Status2 Register (0BON) . . .. ... o 116
NHIbCfg Register (1BBh) . . .. ... e e e 116
CommsStat Register (06Th). . ... ..o 117
At-Rate Functionality. . . . ... .. e e 117
AtRate Register (004h). . . . ... 118
AtQResidual Register (ODCh) . . ... . e 118
AtTTE Register (ODDh) . .. ..o e 118
AtAVSOC Register (OCER) . . . .. o 118
AtAVCap Register (ODFN). . .. ..o 118
Alert FUNCHON . . o 118
NVAIRTh Register (18Ch) . . . ..o e e 119
NTAIMTh Register (18Dh) . . .. ..o e e 119
NSAITh Register (18F ) . . . ... e 120
NIAITh Register (OACH) .. ... e 120
Smart Battery Compliant Operation . . ... ... ... e 120
SBS Compliant Memory Space (MAX17301-MAX17303 Only) . ... ..ottt e e 120
sRemCapAlarm/sRemTimeAlarm Registers (101h/102h) . . ... .. . e 121
At-Rate Functionality . .. .... ... e e 121
sAtRate Register (104h) . . ... 121
SAITTE Register (105h) . . . .o e e e e e e e e e e 122
SAITTE Register (105h) . . . ..o o e e e 122
sAtRateOK Register (107h) . . .. .. o e e e e 122
sTemperature Register (108h) . . ... ... 122
sPackVoltage Register (100h) . . ... ... e e e e 122
sChargingCurrent Register (114h) . . .. ... e 122
sDesignVolt Register (110R) . ... . e e e 123
sSpecinfo Register (11AR) . . ... 123
sSerialNumber Register (11Ch 1o 11ER) . . ... ... e e e e 123
sManfctrName Register (120N) . ... ... o 123
sDeviceName Register (121h) . .. ... o e e e e 123
sDevChemistry Register (122h) . . . . ... o 123

www.maximintegrated.com Maxim Integrated | 7



MAX17301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
MAX17311-MAX17313 Protector and SHA-256 Authentication

TABLE OF CONTENTS (CONTINUED)

sManfctData Registers (123h 10 12Fh) ... .. .. e e 124
sFirstUsed Register (136h) . ... ... . e 124
sCelll Register (13Fh) . .. ..o e e e e 124
sAvgCelll Register (14Fh) . . . ..o 124
SAVCAP Register (167N . . . . .o e e e 124
sMixCap Register (168h) . . . . ... 124
sManfctinfo Register (170h) . . ... ... e e 124
Nonvolatile SBS Register Back-Up . . ... ... e e 124
NSBSCfg Register (1B4h) . .. ... e e 125
nCGain and Sense Resistor Relationship . ... .. . . 125
Dynamic Battery Power Technology (DBPT) Registers . . . ... ... e e 126
MaxPeakPower Register (OA4N) . . ... 126
SusPeakPower Register (QASh). . .. .. o e e 126
sPackResistance (0A6h) and nPackResistance (1C5h) . ... ... ... i 127
SysResistance (OATN) . . ... e e e e 127
SMPPCUITENt (AN . . .o 127
SPPCUrrent (DAAR) . . . e e e 127
NDPLimit Register (TEON). . . ... e 128
SHA-256 Authentication . . . . ... 128
Authentication Procedure . . . .. ... . e 128
Procedure to Verify a Battery. . .. ... .. e 129
Alternate Authentication Procedure . . . ... ... . e 129
Battery Authentication without a Host Side Secret .. ........ ... .. .. . . . . 130
Secret Management . . ... . 130
Single Step Secret Generation. . . ... .. . e e 131
Single Step Secret Generation Example . . .. ... .. . e 131
Multistep Secret Generation Procedure . . ... ... ... e 132
Multistep Secret Generation Example . . ... .. ... e 133
2-Stage MKDF Authentication Scheme . . ... ... . e e 133
Create a Unique Intermediate Secret .. ... ... ... .. 134
Procedure for 2-Stage MKDF Authentication. . . ... .. e 135
Determining Number of Remaining Updates . . . ... ... 135
Authentication Commands . . . . ... . 136
COMPUTE MAC WITHOUT ROM ID [3600h] . .. ..o e e e e e 136
COMPUTE MAC WITH ROM ID [3500N] . ..o\ttt e e e e e e e e e e 136
COMPUTE NEXT SECRET WITHOUT ROM ID [3000hN] . . ...t e e e 137
COMPUTE NEXT SECRET WITH ROM ID [8300h] . . . . .t o e e e 137
CLEAR SECRET [5A00N] . . .ot e e e e e e e 137

www.maximintegrated.com Maxim Integrated | 8



MAX17301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
MAX17311-MAX17313 Protector and SHA-256 Authentication

TABLE OF CONTENTS (CONTINUED)

LOCK SECRET [B000R]. . . . oottt et e e e e e e e e e e e e e e e e e 137
COPY INTERMEDIATE SECRET FROM NVM [3800] . . .. .ot e e e e e 137
COMPUTE NEXT INTERMEDIATE SECRET WITHROMID [3900]. . . . . .ot it e e e e 137
COMPUTE NEXT INTERMEDIATE SECRET WITHOUT ROMID [BAQ0]. . . ..« oot 137
COMPUTE MAC FROM INTERMEDIATE SECRET WITHOUT ROMID [3CO0]. . . . ... oo 137
COMPUTE MAC FROM INTERMEDIATE SECRET WITHROMID [3D00] ... .... .o, 138
Device Resel. . ... e e e 138
Reset Commands. . .. ... .. e 138
HARDWARE RESET [000Fh to address 060h]. . . .. ... ...t e 138
FUEL GAUGE RESET [8000h to address OABh] . . .. ... .. e 138
COMMUNICAt ON . . . . oo e e e e 138
2-Wire Bus System. . . ... 138
Hardware Configuration. . . ... ... . . e e 139
2-Wire Bus Interface Circuitry . . . . ... .. e 139

/O Signaling . . ..ot e e e 139
Bit Transier . .. .o e e e e 139

BUS Il . . . . e e e 139
START and STOP Conditions. . . . . .. .ot e e e e e 139
Acknowledge Bits . ... ... . e 140

Data Order. . . ..o 140
Slave AdArESS . . . oo e e 140
Read/Write Bit . . . ... . 140

BUS TimMiNg . ..o e e 140
2-Wire Bus Timing Diagram . . . . ... ... 141

[2C ProtOCOIS . . . . oot e et e e e e e e 141
[2C Write Data ProtoCOl. . . . . . oo 141

[2C Read Data Protocol. . . . . ...t e e e 142

SBS ProtOCOIs . . . .o 142
SBS Write Word ProtoCol . . ... . e 143
Example SBS Write Word Communication Sequence . . ... ... ... i 143

SBS Read Word Protocol . . .. ... e e 143
Example SBS Read Word Communication Sequence . . ... ... .. ... i 144

SBS Write BIock Protocol . . .. ... e 144

SBS Read BIoCk Protocol . . . . ... e 144
Example SBS Read Block Communication Sequence. . ... 144

Valid SBS Read Block Registers . .. ... e 144

Packet Error CheCKing . .. ...t e e e e 145

PEC CRC Generation Block Diagram. . . . ... ..ot e 145

www.maximintegrated.com Maxim Integrated | 9



MAX17301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
MAX17311-MAX17313 Protector and SHA-256 Authentication

TABLE OF CONTENTS (CONTINUED)

1-Wire Bus System (MAX17311-MAX17313 Only) . . .ottt e e e e e e e 145
Hardware Configuration. . . .. .. ... 145

1-Wire Bus Interface CirCUitry . . .. ... e 146

64-Bit Net Address (ROM ID) . . ... i e e e e e 146

/O Signaling . . ..ot e e 146

Reset Time Slot. . . ... 146

1-Wire Initialization Sequence . ... ... . e e 147

Write Time SIOtS . . . ..o 147

Read Time SIots . . ... 147

1-Wire Write and Read Time SIots . . . ... . ... 148

Transaction SEQUENCE. . . . ...ttt e e e 148

Net Address CommaNds . . . . ... .ot 149

Read Net Address [B3h] . . .. o e e 149

Match Net Address [55h]. . . . ... e 149

Skip Net Address [CCR] .. ... e e e e 149

Search Net Address [FON] . . . . ... o e e 149

T-Wire FUNCHONS . . .o 149

Read Data [69h, LL, HH] . . . . ... 149

Write Data [6Ch, LL, HHI. . . .. 149

Example 1-Wire Communication SeqUENCES . . . .. ... ... 150

Summary of ComMMaNdS . . . . ...t e e 150
Appendix A: Reading History Data Pseudo-Code Example . . . ... . e 151
Typical Application CirCUILS . . . . ..t e e e e e 155
Typical Application Schematic . . ... .. ... . 155
Typical Application with a Secondary Protector . . ... .. . e 156
Typical Application with @ FUse. . . . ... . e 157
Pushbutton Schematic . . . ... ... 157
Ordering Information . . . ... ... e 159
ReVISION HistOory . ... e e e 161

www.maximintegrated.com Maxim Integrated | 10



MAX17301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
MAX17311-MAX17313 Protector and SHA-256 Authentication

LIST OF FIGURES

Figure 1. Simplified Protector State Machine . . ... .. . 30
Figure 2. Programmable Voltage Thresholds . . .. ... .. . . e e e 32
Figure 3. Programmable Current Thresholds . . ... ... ... e 33
Figure 4. Fast, Medium, and Slow Overdischarge Protection. .. ......... ... .. . . . . . . i 36
Figure 5. Overcurrent Comparator Diagram . . . ... ...t e e 37
Figure 6. Step-Charging State Machine . . ... ... e e e e 39
Figure 7. Zero-Volt Recovery Charge . . . ... ...t e e 40
Figure 8. Zero-Volt Charging Diagram . . ... ... i e e e e e e 41
Figure 9. Merger of Coulomb Counter and Voltage Based Fuel Gauge . . . ........... ... ... 42
Figure 10. ModelGauge m5 Block Diagram . . ... ... e e 43
Figure 11. Power Mode Transition State Diagram . .. ... . 45
Figure 12. ModelGauge M5 RegiSters . .. ... ... e e e e e e e 58
Figure 13. Voltage and Coulomb Count MiXiNg. . . . . ..ottt e 63
Figure 14. ModelGauge m5 Typical Accuracy Example . . . ... i e e e 64
Figure 15. Handling Changes in Empty Calculation . . ... .. ... e 65
Figure 16. False End-of-Charge EVeNnts . . ... ... ... i e e e e e e e e 66
Figure 17. FullCapRep Learning at End-of-Charge. . . . ... ... e 67
Figure 18. FUllCapNomM Learning . . ... ..o e e e e e e e e e e e 68
Figure 19. Converge-To-Empty. . . ..o 69
Figure 20. Benefits of Age Forecasting . . . ... ... i e e 70
Figure 21. Sample Life Logging Data . . . ... ..o 73
Figure 22. Write Flag Register and Valid Flag Register Formats . ........... ... ... ... . . . . . . i, 75
Figure 23. Cell Relaxation Detection. . . . ... ..o 81
Figure 24. Shadow RAM and Nonvolatile Memory Relationship . .......... .. ... . . .. . . . . . i 100
Figure 25. Procedure to Verify @ Battery . . .. ... .. 129
Figure 26. Battery Authentication withouta Host Side Secret. . . . ... ... ... .. . . 130
Figure 27. Single Step Secret Generation Example . . . .. ... .. 131
Figure 28. Multistep Secret Generation Example . . ... ... .. . e e e 133
Figure 29. Create a Unique Intermediate Secret. . . ... ... . . 134
Figure 30. Procedure for 2-Stage MKDF Authentication. .. ... ... ... . . . . . . e 135
Figure 31. 2-Wire Bus Interface CirCUitry . .. ... .. ... e 139
Figure 32. 2-Wire Bus Timing Diagram . . . ... ... e e e e e 141
Figure 33. Example 12C Write Data Communication SEQUENCE . . . . ... .. vvve ettt 142
Figure 34. Example 12C Read Data Communication SEQUENCE . . . . . .. oo oo o et e e e 142
Figure 35. Example SBS Write Word Communication Sequence. . ... ... ... i e 143
Figure 36. Example SBS Read Word Communication Sequence. . . .......... ...ttt 144

Figure 37.

Example SBS Read Block Communication SeqUence . ... ........ ...ttt 144

www.maximintegrated.com Maxim Integrated | 11



MAX17301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
MAX17311-MAX17313 Protector and SHA-256 Authentication

LIST OF FIGURES (CONTINUED)

Figure 38. PEC CRC Generation Block Diagram . .. ... ... e e e e e 145
Figure 39. 1-Wire Bus Interface Circuitry . ... ... .. .. 146
Figure 40. 1-Wire Initialization SeqUeNCe . . . . ... .. e 147
Figure 41. 1-Wire Write and Read Time Slots. . . .. . ... .. e 148
Figure 42. Example 1-Wire Communication SEqQUENCES. . . .. .. .. ittt e e e e 150

www.maximintegrated.com Maxim Integrated | 12



MAX1
MAX1

7301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
7311-MAX17313 Protector and SHA-256 Authentication

LIST OF TABLES

Table 1. Summary of Protector Registers by Function . . ... ... 30
Table 2. Voltage Thresholds . . . .. ... .. e e e e e e e 34
Table 3. AvgCurrDet Threshold When Using 10mQ and Default nProtMiscTh.CurrDet =7.5mA. .. ............... 35
Table 4. Current Threshold SUMMaAry . . . . ... . e e e e e e e 35
Table 5. Other Thresholds. . . . ... . e e e e e e 38
Table 6. Modes of Operation. . . .. ... . e e 44
Table 7. Recommended nConfig Settings and the Impactonlq ........ .. .. .. . . . i i 45
Table 8. ModelGauge Register Standard Resolutions . . ... ... ... . i e e 46
Table 9. nVPrtTh1 Register (1D0N) Format . . ... ... e e 47
Table 10. nVPrtTh2 Register (1D4h) Format . ... .. . . e e e e 47
Table 11. nJEITAV Register (1D9h) Format . . ... .. .. e e 48
Table 12. nJEITACfg Register (1DAR) Format . . .. ... . e e e e e e 48
Table 13. nODSCTh Register (1DDh) Format . .. ... ... e e 49
Table 14. OCTH, SCTh, and ODTH Sample Values. . . .. .. ... . . i e e e e e i 49
Table 15. nODSCCfg Register (1DEh) Format . . . ... ... e 50
Table 16. nIPrtTh1 Register (1D3h) Format . . ... ... . e e e e e e e 50
Table 17. nJEITAC Register (1D8h) Format . . ... .. .. e 51
Table 18. nTPrtTh1 Register (1D1h) Format. . ... ... . e e e e e e e 51
Table 19. nTPriTh2 (1D5h) Format. . . . ... o e e e e e 52
Table 20. nTPrtTh3 Register (1D2h) Format. . . .. ... . e e e e e e 52
Table 21. nDelayCfg (1DCh) Format. . . ... ... e 52
Table 22. UVPTIimer Setlings . . .. ... .o e e e e e e e 52
Table 23. TempTimer Setling . . . .. ..ot e 53
Table 24. TempTrans Configuration Settings . . .. ... .. . e e e 53
Table 25. PermFailTimer Settings. . . . . ..o ot 53
Table 26. OverCurrTimer Settings . ... . oo e e e e e e 53
Table 27. OVPTImer Settings . . . .. .o e 53
Table 28. FUllTimer Settings . . . .. ..ttt e e e e e 54
Table 29. ChgWDT Setlings . . . . .. oot e e e 54
Table 30. nProtCfg Register (1D7h) Format . . . ... ... . . e e e e e 54
Table 31. nBattStatus Register (1A8h) Format . . . .. .. ... 55
Table 32. ProtStatus Register (O0D9h) Format. . .. ... . .. e e e e 56
Table 33. HConfig2 (1F5h) Format . . . . ... . e 56
Table 34. nProtMiscTh Register (1D6h) Format . . . .. .. ... e e e e e 57
Table 35. nStepChg Register (1DBh) Format . . .. ... ... 57
Table 36. Cycles Register (017h) Format . .. ... .. . e e e e e e e i 60
Table 37. nCycles Register (1A4h) Format. . . ... ... 60
www.maximintegrated.com Maxim Integrated | 13



MAX17301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
MAX17311-MAX17313 Protector and SHA-256 Authentication

LIST OF TABLES (CONTINUED)

Table 38.
Table 39.
Table 40.
Table 41.
Table 42.
Table 43.
Table 44.
Table 45.
Table 46.
Table 47.
Table 48.
Table 49.
Table 50.
Table 51.
Table 52.
Table 53.
Table 54.
Table 55.
Table 56.
Table 57.
Table 58.
Table 59.
Table 60.
Table 61.
Table 62.
Table 63.
Table 64.
Table 65.
Table 66.
Table 67.
Table 68.
Table 69.
Table 70.
Table 71.
Table 72.
Table 73.
Table 74.
Table 75.

nNVCfg2.FibScl Setting Determines LSb of nNVCfg2.CyclesCount. ............. ... ... ... . ... .... 60
nVoltTemp Register (1AAh) Format when nNVCfg2.enVT = 1. ... .. .. . i s 61
SOCHoId (0DORh) Format. . . . ... 62
nAgeFcCfg Register (1E2h) Format . . ... ... 70
Minimum and Maximum Cell Sizes for Age Forecasting. .. .......... ... . . . . i i 71
Life Logging Register Summary . . ... .. 72
Reading History Page Flags . . . ... ... e e e e 74
Decoding History Page Flags . . . . ... ... 75
Reading History Data . ... ... .. e e e e 76
nFullSOCThr (1C6h)/FullSOCThr (013h) Register Format. .. ... ... . . . 77
VEmpty (03Ah)/nVEmpty (19Eh) Register Format . . ........ ... . . . e i 77
nRFast Register (1ESh) Format . .. ... ... 78
FilterCfg (029h)/nFilterCfg (19Dh) Register Format .. ......... ... .. . . . i 79
RelaxCfg (0OAOh)/nRelaxCfg (1B6h) Register Format . . .. ... ... . s 80
NnTTFCfg Register (1C7h) Format . . . .. ... e e e e e i e 81
nConvgCfg Register (1B7h) Format . . ... ... . 82
nRippleCfg Register (1B1h) Format . . ... ... .. . . e 82
FStat Register (03Dh) Format. . .. ... ..o 84
Top Level Memory Map. . . ..ot e e e e e e 85
Individual Registers . . . ... ... e 86
ModelGauge m5 Register Memory Map . . ... ..o e 86
Nonvolatile Register Memory Map (Slave address OX16) . . . . ... ..ottt e 87
Fibonacci Configuration Settings. . . ... ... e 88
Eventual Matured Update Interval (in battery cycles) . . ... .. 88
Saving Schedule Example With the Most Preferred Configurations. ............. ... ... ... ........ 89
NNVCfg0 Register (1B8h) Format . . .. ... ... 89
nNVCfg1 Register (1BOh) Format . . . . ... e e e e 91
nNVCfg2 Register (1BAh) Format. . .. ... ... 92
Making Nonvolatile Memory Available for UserData . ............. ... . i 93
Nonvolatile Memory Configuration Options. . . . ... . ... . 95
History Recall Command FUNCHIONS . . . ... .. . e e e e e 100
Number of Remaining Config Memory Updates . .. ... e 101
LearnCfg (OA1h)/nLearnCfg (19Fh) Register Format . . .......... ... ... . .. . . i 102
MiscCfg (00Fh)/nMiscCfg (1B2h) Register Format . . .. ... ... .. e 103
nConfig Register (1BOh) Format . . ... ... . . e e 103
Config Register (00Bh) Format . . .. ... ... 104
Config2 Register (OABh) Format. . .. ... . e e e 104
nPackCfg Register (1BSh) Format . ... ... .. . 105

www.maximintegrated.com Maxim Integrated | 14



MAX17301-MAX17303/ 1-Cell ModelGauge m5 EZ Fuel Gauge with
MAX17311-MAX17313 Protector and SHA-256 Authentication

LIST OF TABLES (CONTINUED)

Table 76. nDesignVoltage Register (1E3h) Format . .. ... . . . . . e 105
Table 77. Format of LOCK Command. . . . . ... ... e e e e e 106
Table 78. Format of Lock Register (07Fh) . ... ... e e e 106
Table 79. MaxMinVolt (008h)/nMaxMinVolt (1ACh) Register Format. ... ........ ... ... . .. . 107
Table 80. Current Measurement Timing . . ... ... ot e e e e e e 109
Table 81. Current Measurement Range and Resolution versus Sense ResistorValue ... ..................... 109
Table 82. MaxMinCurr (00Ah)/nMaxMinCurr (1ABh) Register Format . . .. ......... ... ... .. ... .. .. . . ... 110
Table 83. nCGain Register (1C8h) Format . . . ... ... . e 110
Table 84. Copper Trace SeNSING . . . ..ottt e e e e e e e 111
Table 85. Temperature Measurement TimMiNg . . . . . ... e e 112
Table 86. MaxMinTemp (009h)/nMaxMinTemp (1ADh) Register Format. ... ........ .. ... .. ... ... .. ... ..... 113
Table 87. Register Settings for Common Thermistor Types . . . ... ..o e 113
Table 88. DevName Register (021h) Format . . ... ... e e e e e e 114
Table 89. DevName For Each Part Number . . .. ... . 114
Table 90. nROMID Registers (1BChto 1BFh) Format . . ... ... .. . e e 115
Table 91. Recommended nRSense Register Values for Common Sense Resistors . ......................... 115
Table 92. Status Register (000h) Format . .. ... ... e e e 115
Table 93. Status2 Register (0BOh) Format . . . ... ... 116
Table 94. nHibCfg Register (1BBh) Format . . ... ... . . . e e e 116
Table 95. CommStat Register (061h) Format . . . . ... ... 117
Table 96. VAIrtTh (001h)/nVAIrtTh (18Ch) Register Format. ... ... ... . 119
Table 97. TAIrtTh (002h)/nTAIrtTh (18Dh) Register Format . . . ... . . . e 119
Table 98. SAIrtTh (003h)/nSAIrtTh (18Fh) Register Format . ... ... ... . . 120
Table 99. IAIrtTh (OACh)/nlAlrtTh (18Eh) Register Format. . .. ... .. .. e 120
Table 100. SBS Register Space Memory Map . . .. ..ottt e e e 121
Table 101. Specinfo (11AR) Format . .. ... . e 123
Table 102. SBS to Nonvolatile Memory Mapping . . .. ... ..o e e e e 125
Table 103. nSBSCfg Register (1B4h) Format. . . . ... ... 125
Table 104. nCGain Register Settings to Meet SBS Compliance. . . ........ ... . e 126
Table 105. nDPLimit (TEOh) Format . . . ... . e 128
Table 106. Number of Remaining Secret Updates . . ... . i e e 136
Table 107. 2-Wire Slave AdAresses . . . .. ..ot e e 140
Table 108. Valid SBS Read Block Registers. . .. ... ... e e e e 144
Table 109. 1-Wire Net Address Format. . . .. .. ... e e e 146
Table 110. All Function Commands . . . ... ...t e e e 150

www.maximintegrated.com Maxim Integrated | 15



MAX17301-MAX17303/
MAX17311-MAX17313

Absolute Maximum Ratings

CPHOBATT ..o -0.3V to BATT + 6V
CHG O BATT ..o -0.3Vto CP + 0.3V
Continuous Sink Current for BATT .....ccoiiiiiiiiiiieiieeeeee 50mA
Continuous Sink Current for DQ/SDA, ALRT, PFAIL .......... 20mA
Continuous Source Current for PFAIL...........ccoooeiiiieiiene 20mA
Operating Temperature Range ..........cccccceeeveenn. -40°C to +85°C
Storage Temperature Range
Soldering Temperature (reflow).........ccccvevviieeeeicieee e, +260°C
Lead Temperature (soldering 10S) .......c.cccceeevineerreneeenne. +300°C
TDFN
BATT t0 CSP ..o -0.3V to +6V
ALRT 0 CSP ..o -0.3Vto +17V
TH, PFAIL t0 CSP....coeiiiiiieeieee ....-0.3V1to BATT + 0.3V
DQ/SDA, OD/SCL, ZVC to CSP ......cooeeiieeee -0.3V to +6V

1-Cell ModelGauge m5 EZ Fuel Gauge with

Protector and SHA-256 Authentication

REG 10 CSP ...t -0.3V to +2.2V
CSN 1O CSP ... -2V to +2V
DIStOCSP ..ot -0.3Vto CP + 0.3V
PCKP t0 CSP ... -0.3Vto 18V
WLP
BATT 10 GND ..o -0.3V to +6V
ALRT t0 GND ..ottt -0.3V to +17V
TH, PFAIL to GND -0.3VtoBATT +0.3V
DQ/SDA, OD/SCL, ZVC t0 GND........ccccerieiieienne -0.3V to +6V
REG to GND .-0.3V to +2.2V
CSN O CSP ... -2V to +2V
CSP 1o GND ... -0.3V to +0.3V
DIS to GND ....-0.3Vto CP + 0.3V
PCKP t0 GND. ..o -0.3Vto 18V

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional operation of the device at these
or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may

affect device reliability.

Package Information

14 TDFN-EP
Package Code T1433+2C
Outline Number 21-0137
Land Pattern Number 90-0063
Thermal Resistance, Single-Layer Board:
Junction to Ambient (64) 54°C/W
Junction to Case (6,¢c) 8°C/W
Thermal Resistance, Four-Layer Board:
Junction to Ambient (8 a) 41°C/W
Junction to Case (8,¢) 8°C/wW

15 WLP
Package Code W151H2+1
Outline Number 21-100256
Land Pattern Number Refer to Application Note 1891
Thermal Resistance, Four-Layer Board:
Junction to Ambient (64) 62°C/W
Junction to Case (6,¢c) N/A

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/packages. Note that a “+”,
“#”, or “-” in the package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing

pertains to the package regardless of RoHS status.

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer board.
For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.

www.maximintegrated.com
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MAX17301-MAX17303/
MAX17311-MAX17313

Electrical Characteristics

1-Cell ModelGauge m5 EZ Fuel Gauge with
Protector and SHA-256 Authentication

(VBATT = 2.3V to 4.9V, typical value at 3.6V, Tp = -40°C to +85°C, typical values are Tp = +25°C, see schematic in the Functional
Diagram. Limits are 100% tested at Tp = +25°C. Limits over the operating temperature range and relevant supply voltage range are

guaranteed by design and characterization.)

PARAMETER SYMBOL ‘ CONDITIONS MIN TYP MAX UNITS
POWER SUPPLY
Supply Voltage VBATT (Note 1) 23 4.9 \Y
Undervoltage Shutdown
Supply Current IbDO Undervoltage shutdown 0.1 MA
DeepShip Supply o . o
Current IbD1 Ta < +50°C, typical at +25°C 0.5 1.1 A
DpShpEn = 1.4s updates 7 10 20
0, Ta < +50°C,
Ship Supply Current IbD2 typical at MA
+25°C, protection | 9-625s updates 7
FETs off
Hibernate Supply Ta < +50°C, typical at +25°C, average
Current Ibp3 current, CHG and DIS on, 1.4s updates 8 18 36 WA
Ta < +50°C, typical at +25°C, average
Active Supply Current IbD4 current, not including thermistor 13 24 50 A
measurement current
Regulation Voltage VREG 1.8 V
PCKP Startup Voltage VpcKPSU VBaATT 2 2.3V 1.9 26 \%
PROTECTION FET DRIVERS
2 X 2 x 2x
CP Output Voltage Vcp IcHG * IpIs = 1A VBATT- VBATT- V
VBATT
0.4 0.2
CP Startup Time tscp FETS Off, Ccp = 0.1uF, 1-tau settling 10 15 20 ms
CHG, DIS Output High | Vone, VoHp | lon = -100pA ng i Y%
CHG Output Low VoLc loL = 100pA BAOTI * v
DIS Output Low VoLD loL = 100pA 0.1 \%
ANALOG-TO-DIGITAL CONVERSION
Voltage Measurement Ta =+25°C -7.5 +7.5
E VGERR " S mv
rror -40°C < Tp < +85°C -20 +20
Voltage Measurement
Resolution VisB 78.125 W
Voltage Measurement
Range VEs 23 4.9 \Y
Current Measurement | CSN = 0V, long-term average (Note 2) 1.5 V
Offset Error OERR =0V, long 9 - H
Current Measurement % of
Gain Error IGERR CSP between -50mV and +50mV -1 +1 Reading
Current Measurement
Resolution lLsB 1.5625 W

www.maximintegrated.com
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MAX17301-MAX17303/
MAX17311-MAX17313

1-Cell ModelGauge m5 EZ Fuel Gauge with
Protector and SHA-256 Authentication

Electrical Characteristics (continued)

(VBATT = 2.3V to 4.9V, typical value at 3.6V, Tp = -40°C to +85°C, typical values are Ta = +25°C, see schematic in the Functional
Diagram. Limits are 100% tested at Tp = +25°C. Limits over the operating temperature range and relevant supply voltage range are

guaranteed by design and characterization.)

analog-to-digital conversions

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Current Measurement
Range IFs +51.2 mV
Internal Temperature o
Measurement Error TIGERR *1 C
Internal Temperature
Measurement Tl s TH (Note 1) 0.00391 °C
Resolution
INPUT/OUTPUT
Output Drive Low, _ _
ALRT, SDA/DQ, PFAIL VoL loL=4mA, VgaTT = 2.3V 0.01 0.4 \Y
Output Drive High, V| -
PFPF\)IL 9 VoH loH =-1mA, VBaTT = 2.3V B(';?:II—T \%
Input Logic High, SCL/
oD, SDA/DQ, PIO ViH 15 v
Input Logic Low, SCL/
0D, SDA/DQ, PIO ViL 0.5 v
P10 Wake Debounce PIO_WD Sleep mode 100 ms
External Thermistance RexT10 Config.R100 = 0 10 ‘0
Resistance REXT100 Config.R100 = 1 100
COMPARATORS
Overcurrent Threshold OC, OD Comparator for WLP package -1.2 +1.2

ODOCQoE mV
Offset Error OC, OD comparator for TDFN package -2 +2
Short-Circuit Threshold
Offset Error SCoE SC comparator -2.5 +2.5 mV
Overcurrent Threshold % of
Gain Error ODOCSCgg | OC, OD, or SC comparator -5.0 +5.0 Threshold
Overcurrent Comparator OD or SC comparator, 20mV minimum
Dela P OCpLy input overdrive, delay configured to 2 6 us

Y minimum

RESISTANCE AND LEAKAGE
Leakage Current, CSN,
ALRT’QTH ILEAK VALRT < 15V -1 +1 MA
Input Pulldown Current IpD SDA, SCL pin = 0.4V 0.2 0.5 HA
PCKP Current _ Ta <50°C, typical
Consumption PCKP_IDD | BATT = PCKP at Tp = +25°C 0.02 0.44 0.9 HA
TIMING
Time-Base Accuracy tERR Ta=+25°C -1.5 +1.5 %
SHA Calculation Time tsHA 4.5 10 ms
TH Precharge Time tpRE Time between turning on the TH bias and 8.48 ms

www.maximintegrated.com
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MAX17301-MAX17303/
MAX17311-MAX17313

1-Cell ModelGauge m5 EZ Fuel Gauge with
Protector and SHA-256 Authentication

Electrical Characteristics (continued)

(VBaTT = 2.3V to 4.9V, typical value at 3.6V, Ta = -40°C to +85°C, typical values are Tp = +25°C, see schematic in the Functional
Diagram. Limits are 100% tested at Tp = +25°C. Limits over the operating temperature range and relevant supply voltage range are
guaranteed by design and characterization.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Task Period ttp 351.5 ms
NONVOLATILE MEMORY
Nonvolatile Access For block programming and
Voltage VNVM recalling, applied on BATT 3.0 v
Programming Supply IPROG Current frqm BATT at 2.9V for block > 55 10 mA
Current programming
Block Programming
Time tBLOCK 368 7360 ms
Page Programming SHA secret update or learned parameters
Time tUPDATE update 64 1280 ms
Nonvolatile Memory
Recall Time (RECALL s ms
Write Capacity, .
Configuration Memory NCONFIG (Notes 2, 3, 4) 7 writes
Write Capacity, SHA .
Secret NSECRET (Notes 2, 3, 4) 5 writes
Write Capacity, Learned .
Parameters NLEARNED (Notes 2, 3, 4) 99 writes
Data Retention tNV (Note 2) 10 years
1-WIRE INTERFACE, REGULAR SPEED
Time Slot tsLoT_STD 60 120 us
Recovery Time tREC_STD 1 us
Write-0 Low Time tLowo_sTD 60 120 us
Write-1 Low Time tLow1_STD 1 15 us
Read-Data Valid tRDV_STD 15 us
Reset-Time High tRSTH_STD 480 us
Reset-Time Low tRSTL_STD 480 960 us
Presence-Detect High tPDH_STD 15 60 us
Presence-Detect Low tpDL_STD 60 240 us
1-WIRE INTERFACE, OVERDRIVE SPEED
Time Slot tsLoT_ovD 6 16 us
Recovery Time tREC_OVD 1 us
Write-0 Low Time tLowo_ovD 6 16 us
Write-1 Low Time tLow1_ovD 1 us
Read-Data Valid tRDV_OVD us
Reset-Time High tRSTH_OVD 48 us
Reset-Time Low tRSTL_OVD 48 80 us
Presence-Detect High tPDH_OVD 2 6 us

www.maximin