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Preface

Read this First

This manual discusses the modules and peripherals of the bq30z554-R1 device, and how it is used to
build a complete battery pack gas gauge and protection solution.

Notational Conventions

The following notation is used if SBS commands and data flash values are mentioned within a text block:
* SBS commands: italics with parentheses and no breaking spaces, e.g., RemainingCapacity().

» Data Flash: italics, bold, and breaking spaces, e.g., Design Capacity

* Register Bits and Flags: italics and brackets, e.g., [TDA] Data

» Flash Bits: italics and bold, e.g., [LED1]

» Modes and states: ALL CAPITALS, e.g., UNSEALED

The reference format for SBS commands is: SBS:Command Name(Command No.):Manufacturer
Access(MA No.)[Flag], for example:

SBS:Voltage(0x09), or SBS:ManufacturerAccess(0x00):Seal Device(0x0020)

The reference format for data flash values is: DF:Class Name:Subclass Name(Subclass ID):Value
Name(Offset)[Flag], for example:

DF:1st Level Safety:Voltage(576):CUV Threshold(13), or
DF:ChargeControl:ChargingFaults(482)Charge Fault Cfg(8)[OC].

Impedance Track is a trademark of Texas Instruments.
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INSTRUMENTS

Introduction

The bg30z554-R1 device provides a feature-rich gas gauging solution for 2-series cell to 4-series cell
battery-pack applications. The device has extended capabilities, including:

e SBS Data updates every 250 ms; values are filtered, not averaged

» Unseal via SHA-1 authentication for enhanced security

* Advanced Impedance Track™ Algorithm v3.75 with cell balancing during rest
» Fast host-side calibration

* Fast QMAX learning

e AC peak power information capability (systems with TURBO mode operation)
e Manual FET Control Option

» Independent function enable/disable: FET, IT, BB, LT, PF, FUSE

» Cell and FET temperature configuration options and up to five independently selectable sources for
each option

* Manufacturer access commands for test: FUSE, FET, toggle
« Extended lifetimes tracking
» Black Box Recorder

10 Introduction SLUUA79-0October 2013
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Calibration

2.1 Overview

The bg30z554-R1 device has integrated routines that support calibration of current, voltage, and
temperature readings, accessible after writing 0xFO81 or 0xF082 to ManufacturerAccess() when the
ManufacturingStatus()[CAL] bit is ON. While the calibration is active, the raw ADC data is available on
ManufacturerData(). The device will stop reporting calibration data on ManufacturerData() if any other
MAC commands are sent.

ManufacturerAccess() Description
0x002D Enables/Disables ManufacturingStatus()[CAL]
0xF080 Disable raw ADC data output on ManufacturerData()
0xF081 Output raw ADC data of voltage, current, and temperature on ManufacturerData()
Output raw ADC data of voltage, current, and temperature on ManufacturerData(). This
0xF082 . -
mode includes a shunt of the coulomb counter input.

The ManufacturerData() output format is: ZZYYaaAAbbBBccCCddDDeeEEffFFggGGhhHHIiilljjdJKkKKIILL,

where:
Value Format Description
2z byte 8-bit counter, increments when raw ADC values are refreshed,
typically every 250 ms
YY byte Output status
ManufacturerAccess() = OxF081: 1
ManufacturerAccess() = 0xF082: 2
AAaa 2's comp ManufacturerAccess() = 0xF081: coulomb counter
ManufacturerAccess() = 0xF082: internal shorted coulomb counter
BBbb 2's comp Cell Voltage 1
CCcc 2's comp Cell Voltage 2
DDdd 2's comp Cell Voltage 3
EEee 2's comp Cell Voltage 4
FFff 2's comp Internal temperature sensor
GGgg 2's comp Temperature Sensor 1
HHhh 2's comp Temperature Sensor 2
i 2's comp Temperature Sensor 3
JJjj 2's comp Temperature Sensor 4
KKkk 2's comp PACK Voltage
LLII 2's comp BAT Voltage
SLUUA79-October 2013 Calibration 11
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2.2 Combining Calibrations
Current and voltage calibrations can be combined to shorten calibration time. For example:
Table 2-1. Combining Calibrations
Time (s) ZZ in ManufacturerData() Action
* Read DF values
* Apply 0 mA current
0 N » Apply cell voltages
* Send 0xF082 to ManufacturerAccess()
» Poll ManufacturerData() for ZZ increment
0.25 N+1 « Poll ManufacturerData() for ZZ increment
05 N+ 2 » Store ManufacturerData() block 1
' » Poll ManufacturerData() for ZZ increment
0.75 N+3 « Store ManufacturerData() block.2
* Poll ManufacturerData() for ZZ increment
1 N+ 4 » Store ManufacturerData() block 3
» Poll ManufacturerData() for ZZ increment
» Store ManufacturerData() block 4
1.95 N+5 Apply Pack Voltage
* Send 0xF081 to ManufacturerAccess()
¢ Poll ManufacturerData() for ZZ increment
15 N +6 « Poll ManufacturerData() for ZZ increment
1.75 N+ 7 « Store ManufacturerData() block.5
» Poll ManufacturerData() for ZZ increment
2 N+8 « Store ManufacturerData() block 6
* Poll ManufacturerData() for ZZ increment
295 N+9 « Store ManufacturerData() block.7
¢ Poll ManufacturerData() for ZZ increment
« Store ManufacturerData() block 8
25 N +10  Apply calibration current
* Poll ManufacturerData() for ZZ increment
2.75 N +11 + Poll ManufacturerData() for ZZ increment
3 N+ 12 « Store ManufacturerData() block.9
¢ Poll ManufacturerData() for ZZ increment
395 N+ 13 « Store ManufacturerData() block. 10
» Poll ManufacturerData() for ZZ increment
35 N + 14 « Store ManufacturerData() block. 11
* Poll ManufacturerData() for ZZ increment
* Store ManufacturerData() block 12
e Calculate CC offset using blocks 1 to 4
» Calculate board offset using blocks 5 to 8
3.75 N +15 « Calculate current gain using blocks 9 to 12
¢ Calculate cell voltage gains using blocks 1 to 4
e Calculate pack voltage gain using blocks 5 to 8
* Write values to data flash
12 Calibration SLUUA79-October 2013
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Cell Voltage Calibration

2.3 Cell Voltage Calibration

VCELL3
VCELI.2
VC ELL1

|
| Veewro
I
|

Apply known voltages in mV to the cell voltage inputs:

*  Vceuo between VC4 pin and VSS pin

* Ve between VC3 pin and VC4 pin

*  V¢g 1, between VC2 pin and VC3 pin

*  Vcg 5 between VC1 pin and VC2 pin

If ManufacturerStatus()[CAL] = 0, send 0x002D to ManufacturerAccess() to enable the [CAL] flag.

Send 0xF081 or 0xF082 to ManufacturerAccess() to enable raw cell voltage output on
ManufacturerData().

Poll ManufacturerData() until ZZ counter increments by 2 before reading data.
Read the ADC conversion readings of cell voltages from ManufacturerData():
¢ ADC,g o = AAaa of ManufacturerData()

Is ADCcg o< 0x80007 If yes, use ADCqg o; Otherwise, ADCcg o, = —(0OXFFFF — AAaa + 0x0001).
e ADC,g ;= BBbb of ManufacturerData().

Is ADCcg , < 0x80007? If yes, use ADC,,; otherwise, ADC,,, = —«(OxFFFF — BBbb + 0x0001).
e ADC,g, = CCcc of ManufacturerData()

Is ADCcg,, < 0x80007? If yes, use ADCg, 5; otherwise, ADCcg,,, = —(0XxFFFF — CCcc + 0x0001).
¢ ADC,g ; = DDdd of ManufacturerData()

Is ADCqg, 3 < Ox80007? If yes, use ADCcg,, 5; otherwise, ADCg, ; = —(OXFFFF — DDdd + 0x0001).

Average several readings for higher accuracy. Poll ManufacturerData() until ZZ increments, to indicate
that updated values are available:

e ADCcg , = [ADCcg (reading n) + ...+ ADCg (reading 1)]/n
Calculate gain values:

Cell Scale 0 = M * 2
ADCCELLO

Cell Scale1 = —Ycauo™Vemu
ADCpir0+ ADCopypp

16

16
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V. +V +V 16
Cell Scale 2 = CELLO ™ ¥ CELLL ™ ¥ CELL2 %
ADC g0+ ADCrppry+ ADCepyrs
Ve Vepn+ V. V. 16
Cell Scale3 = ceLLo VetV cere2 * V ceLLs >

ADCcpro+ ADCprpy+ ADCpprs+ ADCpprs

7. Write the new Cell Scale 0, Cell Scale 1, Cell Scale 2, and Cell Scale 3 values to data flash.
8. Re-check the voltage reading. Repeat the steps if the readings are not accurate.
9. Send 0x002D to ManufacturerAccess() to clear the [CAL] flag if all calibration is complete.

2.4 BAT Voltage Calibration
|
vC1 Eg
| V'BnT
VSsSs é@
[
1. Apply known voltages in mV to the voltage input:
e Vgt between VC4 pin and VSS pin
2. If ManufacturerStatus()[CAL] = 0, send 0x002D to ManufacturerAccess() to enable the [CAL] flag.
3. Send 0xF081 or 0xF082 to ManufacturerAccess() to enable raw cell voltage output on
ManufacturerData().
4. Poll ManufacturerData() until ZZ counter increments by 2 before reading data.
5. Read ADC conversion readings of cell stack voltage from ManufacturerData():
e ADCg,r = LLII of ManufacturerData(),
Is ADCg,r < 0x80007? If yes, use ADCg,r; otherwise, ADCg,r = —(0OXFFFF — LLII + 0x0001).
6. Average several readings for higher accuracy. Poll ManufacturerData() until ZZ increments to indicate
that updated values are available:
e ADCg,r = [ADCgar(reading n) + ... + ADCgar(reading 1)]/n
7. Calculate gain value:
) Vi
BAT Gain = —242_x 216
8. Write the new BAT Gain value to data flash.
9. Re-check the voltage reading, and repeat steps if the readings are not accurate.
10. Send 0x002D to ManufacturerAccess() to clear the [CAL] flag if all calibration is complete.
2.5 PACK Voltage Calibration
I
gACK
VPMCK I
I
E?YSS
I
1. Apply known voltages in mV to the voltage input:
e Vpack between PACK pin and VSS pin
2. If ManufacturerStatus()[CAL] = 0, send 0x002D to ManufacturerAccess() to enable the [CAL] flag.
3. Send 0xF081 or 0xF082 to ManufacturerAccess() to enable raw cell voltage output on
ManufacturerData().
4. Poll ManufacturerData() until ZZ increments by 2 before reading data.
14 Calibration SLUUA79-0October 2013
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Current Calibration

5.

8.
9.

Read ADC conversion readings of pack voltage from ManufacturerData():
e ADCpack = KKKk of ManufacturerData()
Is ADCpack < 0x80007? If yes, use ADCpack, Otherwise ADCp ok = —(0XFFFF — KKKk + 0x0001)

. Average several readings for higher accuracy. Poll ManufacturerData() until ZZ increments to indicate

that updated values are available:
e ADCpuck = [ADCpack(reading n) + ... + ADCpack(reading 1)]/n

. Calculate gain value:

16

PACK Gain = M*z
ADCPACK

Write the new PACK Gain value to data flash.
Re-check voltage reading; repeat Steps 4 to 6 if the readings are not accurate.

10. Send 0x002D to ManufacturerAccess() to clear the [CAL] flag if all calibration is complete.

2.6 Current Calibration

e i Wy &

lec

2.6.1 Offset Calibration

1.

akrwn

9.

Apply a known current of 0 mA, and ensure no current is flowing through the sense resistor connected
between the SRP and SRN pins.

If ManufacturerStatus()[CAL] = 0, send 0x002D to ManufacturerAccess() to enable the [CAL] flag.
Send 0xF082 to ManufacturerAccess() to enable raw cell voltage output on ManufacturerData().
Poll ManufacturerData() until ZZ increments by 2 before reading data.
Read the ADC conversion readings of current from ManufacturerData():
e ADC. = AAaa of ManufacturerData()

Is ADC. < 0x80007? If yes, use ADC,; otherwise, ADC. = —(0XFFFF — AAaa + 0x0001).

Average several readings for higher accuracy. Poll ManufacturerData() until ZZ increments to indicate
that updated values are available:

e« ADC.. = [ADC.(reading n) + ... + ADC.(reading 1)]/n
Read Coulomb Counter Offset Samples from data flash.
Calculate offset value:

e CC offset = ADC.. % (Coulomb Counter Offset Samples)
Write the new CC Offset value to data flash.

10. Re-check the current reading. Repeat the steps if the readings are not accurate.
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2.6.2

2.6.3

11. Send 0x002D to ManufacturerAccess() to clear the [CAL] flag if all calibration is complete.

Board Offset Calibration
1. Ensure that Offset Calibration was performed first.

2. Apply a known current of 0 mA, and ensure no current is flowing through the sense resistor connected
between the SRP and SRN pins.

If ManufacturerStatus()[CAL] = 0, send 0x002D to ManufacturerAccess() to enable the [CAL] flag.
Send 0xF081 to ManufacturerAccess() to enable raw cell voltage output on ManufacturerData().
Poll ManufacturerData() until ZZ increments by 2 before reading data.
Read the ADC conversion readings of current from ManufacturerData():
¢ ADC. = AAaa of ManufacturerData()

Is ADC. < 0x80007? If yes, use ADC,; otherwise, ADC.. = —(OXFFFF — AAaa + 0x0001).

7. Average several readings for higher accuracy. Poll ManufacturerData() until ZZ increments to indicate
that updated values are available:

e ADC. = [ADC.(reading n) + ... + ADC(reading 1)]/n
8. Read Coulomb Counter Offset Samples from data flash.
9. Calculate offset value:
e Board offset = (ADC.. — CC Offset) x Coulomb Counter Offset Samples
10. Write the new Board Offset value to data flash.
11. Re-check the current reading. Repeat the steps if the readings are not accurate.
12. Send 0x002D to ManufacturerAccess() to clear the [CAL] flag if all calibration is complete.

o g A~ W

Gain Calibration
1. Ensure that Offset and Board Offset Calibrations were performed first.

2. Apply a known current (typically 1 A to 2 A), and ensure I is flowing through the sense resistor
connected between the SRP and SRN pins.

If ManufacturerStatus()[CAL] = 0, send 0x002D to ManufacturerAccess() to enable the [CAL] flag.
Send 0xF081 to ManufacturerAccess() to enable raw CC output on ManufacturerDatay).
Poll ManufacturerData() until ZZ increments by 2 before reading data.
Read the ADC conversion readings of current from ManufacturerData():
e ADC.. = AAaa of ManufacturerData()
Is ADC. < 0x80007? If yes, use ADC,; otherwise, ADC.. = —(0XFFFF — AAaa + 0x0001).

7. Average several readings for higher accuracy. Poll ManufacturerData() until ZZ increments to indicate
that updated values are available:

* ADC. = [ADC.c(reading n) + ... + ADC.(reading 1)]/n
8. Read Coulomb Counter Offset Samples from data flash.
9. Calculate gain values:
CC Gain = Lec
ADC, - Board Offset + CC Offset
Coulomb Counter Offset Samples
Capacity Gain = CC Gain*298261.6178

10. Write the new CC Gain and Capacity Gain values to data flash.
11. Re-check the current reading. Repeat the steps if the readings are not accurate.
12. Send 0x002D to ManufacturerAccess() to clear the [CAL] flag if all calibration is complete.

S
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2.7 Temperature Calibration

|
r-!-]'Smc
'-_]_.

VTS] I

2.7.1 Internal Temperature Sensor Calibration

1.
2.
3.

5.
6.

Apply a known temperature in 0.1°C, and ensure that temperature Tempq, is applied to the device.
Read the TINT offset,, from Internal Temp Offset.

Read the reported temperature from Temperatures():

e TINT = AAaa of Temperatures()

Is TINT > 0? If yes, TINT = AAaa — 2732.

Calculate temperature offset:

TINT offset = TEMPyyr —TINT+TINT offset,,,

Write the new Internal Temp Offset value to data flash.

Re-check the Temperatures() reading. Repeat the steps if the readings are not accurate.

2.7.2 TS1-TS4 Calibration

1.

Apply a known temperature in 0.1°C, and ensure that temperature TEMP+, is applied to the thermistor
connected to the TSx pin. "TSx" refers to TS1, TS2, TS3, or TS4, whichever is applicable.

Read the TSx offset,, from External x Temp Offset, where x is 1, 2, 3, or 4.

Read the appropriate temperature from the Temperatures() block as TSx.

Calculate the temperature offset:

TSx offset = TEMP;s.—TSx+ TSx offset,,

where x is 1, 2, 3, or 4.

Write the new External x Temp Offset (where x is 1, 2, 3, or 4) value to data flash.
Re-check the Temperatures() reading. Repeat the steps if the readings are not accurate.
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3.1 Introduction

Chapter 3

SLUUA79-0October 2013

Protections

All of the protection items can be enabled or disabled under Settings/Enabled Protections 0-15 and
Settings/Enabled Protections 16-31.

3.2 Cell Undervoltage Protection

The bg30z554-R1 device can detect undervoltage in batteries and protect cells from damage by
preventing further discharge.

Status Condition Action
Normal All Cell voltages in Voltages() > Threshold SafetyAlert()[CUV] = 0
BatteryStatus()[TDA] = 0
Alert Any Cell voltages in Voltages() < Threshold SafetyAlert)[CUV] = 1
BatteryStatus()[TDA] = 1
SafetyAlert()[CUV] =0
SafetyStat cuv]=1
Tri Any Cell voltages in Voltages() continuous < afetyStatus(l ]_
P Threshold for Delay duration BatteryStatus()[FD] = 1
Discharging is not allowed.
BatteryStatus[TDA] = 0
SafetyStatus()[CUV] = 1 AND All Cell voltages in SafetyStat CUVI=0
Recover Voltages() > Recovery AND (CUV_RECOV_CHG = afetyStatus([CUV]
y 0 OR (CUV_RECOV_CHG = 1 AND Charging BatteryStatus()[FD] = 0
detected)) Discharging is allowed.

3.3 Cell Undervoltage Compensated Protection

The bg30z554-R1 device can detect undervoltage in batteries and protect cells from damage by
preventing further discharge. The protection is compensated by the Current() * CellResistance4..1.

Status Condition Action
Normal All Cell voltages in Voltages() — Current() x Cell SafetyAlert()[CUVC] = 0
Resistance > Threshold BatteryStatus()[TDA] = 0
Any Cell voltages in Voltages() — Current() x Cell SafetyAlert()[CUVC] = 1
Alert . <
Resistance < Threshold BatteryStatus()[TDA] = 1
SafetyAlert()[CUVC] = 0
Any Cell voltages in Voltages() — Current() x Cell SafetyStatus()[CUVC] = 1
Trip Resistance continuous < Threshold for Delay BatteryStatus()[FD] = 1
duration BatteryStatus()[TDA] = 0
Discharging is not allowed.
SafetyStatus()[CUVC] = 1 AND All Cell voltages in SafetyStat CUVC] = 0
Recove Voltages() > Recovery AND (CUV_RECOV_CHG = afetyStatus(l _]
ry 0 OR (CUV_RECOV_CHG = 1 AND Charging BatteryStatus()[FD] = 0
detected)) Discharging is allowed.

18 Protections
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Cell Overvoltage Protection

3.4 Cell Overvoltage Protection

The device can detect cell overvoltage in batteries and protect cells from damage by preventing further

charging.
Status Condition Action
Temperature() < T2 AND all Cell voltages in _
Normal Voltages() < Threshold Low Temp SafetyAlert)[COV] = 0
T2 < Temperature() < T3 AND all Cell voltages in _
Normal Voltages() < Threshold Standard Temp SafetyAlert()[COV] = 0
T3 < Temperature() AND all Cell voltages in _
Normal Voltages() < Threshold High Temp SafetyAlert)[COV] = 0
T5 < Temperature() < T6 AND all Cell voltages in _
Normal Voltages() < Threshold Rec Temp SafetyAlert()[COV] = 0
Temperature() < T2 AND any Cell voltages in _
Alert Voltages() = Threshold Low Temp SafetyAlert)[COV] = 1
T2 < Temperature() < T3 AND any Cell voltages in _
Alert Voltages() = Threshold Standard Temp SafetyAlert)[COV] = 1
T3 < Temperature() AND any Cell voltages in _
Alert Voltages() = Threshold High Temp SafetyAlert)[COV] = 1
T5 < Temperature() < T6 AND any Cell voltages in _
Alert Voltages() = Threshold Rec Temp SafetyAlert)[COV] = 1
SafetyAlert()[COV] = 0
Temperature() < T2 AND any Cell voltages in SafetyStatus()[COV] = 1
Trip Voltages() continuous = Threshold Low Temp for BatteryStatus()[TCA] = 1
Delay duration If charging, BatteryStatus()[OCA] = 1
Charging is not allowed.
SafetyAlert()[COV] =0
T2 < Temperature() < T3 AND any Cell voltages in SafetyStatus()[COV] = 1
Trip Voltages() continuous = Threshold Standard Temp BatteryStatus()[TCA] = 1
for Delay duration If charging, BatteryStatus()[OCA] = 1
Charging is not allowed.
SafetyAlert()[COV] = 0
T3 < Temperature() AND any Cell voltages SafetyStatus()[COV] = 1
Trip inVoltages() continuous = Threshold High Temp for BatteryStatus()[TCA] = 1
Delay duration If charging, BatteryStatus()[OCA] = 1
Charging is not allowed.
SafetyAlert()[COV] = 0
T5 < Temperatures() < T6 AND any Cell voltages in SafetyStatus()[COV] = 1
Trip Voltages() continuous = Threshold Rec Temp for BatteryStatus()[TCA] = 1
Delay duration If charging, BatteryStatus()[OCA] = 1
Charging is not allowed.
SafetyStatus()[COV] = 1 AND T tures() < T2 SafetyAlert)[COV] = 0
afetyStatus = emperatures() < _
Recovery AND all Cell voltages in Voltages() < Recovery Low BatteryStatus()[TCA] = 0
Temp BatteryStatus()[OCA] = 0
Charging is allowed.
SafetyStatus()[COV] = 1AND T2 < T tures() SafetyAlert)[COV] = 0
afetyStatus = < Temperatures _
Recovery < T3 AND all Cell voltages in Voltages() < Recovery BatteryStatus([TCA] = 0
Standard Temp BatteryStatus()[OCA] = 0
Charging is allowed.
SafetyStatus()[COV] = 1 AND T3 < T tures() SafetyStatus([COV] = 0
afetyStatus = < Temperatures _
Recovery AND all Cell voltages in Voltages() < Recovery High BatteryStatus([TCA] = 0
Temp BatteryStatus()[OCA] = 0
Charging is allowed.
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Status Condition Action
SafetyStatus()[COV] = 1 AND T5 < T wresg | | SoreyStawsICOV] =0
afetyStatus = < Temperatures . _
Recovery < T6 AND all Cell voltages in Voltages() < Recovery BatteryStatus()[TCA] = 0

Rec Temp

BatteryStatus()[OCA] = 0
Charging is allowed.

3.5 Overcurrent in Charge Protection
The device has two independent overcurrent in charge protections that can be set to different current and
delay thresholds to accommodate different charging behaviors.
Status Condition Action
Normal Current() < OCC1:Threshold SafetyAlert()[OCC1] =0
Normal Current() < OCC2:Threshold SafetyAlert()[OCC2] =0
Alert Current() 2 OCC1:Threshold SafetyAlert()[OCC1] = 1
Alert Current() 2 OCC2:Threshold SafetyAlert()[OCC2] = 1
» SafetyAlert()[OCC1] =0
Tri Current() continuous = OCC1:Threshold for » SafetyStatus()[OCC1] =1
rip . X
OCC1:Delay duration « BatteryStatus()[TCA] = 1
» Charging is not allowed.
» SafetyAlert()[OCC2] =0
Tri Current() continuous = OCC2:Threshold for » SafetyStatus()[OCC2] =1
rip . X
OCC2:Delay duration « BatteryStatus()[TCA] = 1
» Charging is not allowed.
[SafetyStatus()[OCC1] = 1 OR * SafetyStatus()[OCC1] = 0
Recover SafetyStatus()[OCC2] = 1] AND recovery delay » SafetyStatus()[OCC2] =0
y timer running > OCC:Recovery Delay Time from « BatteryStatus()[TCA] = 0
the time that Current() < OCC:Recovery Threshold « Charging is allowed.
3.6 Overcurrent in Discharge Protection
The device has two independent overcurrent in discharge protections that can be set to different current
and delay thresholds to accommodate different load behaviors.
Status Condition Action
Normal Current() > OCD1:Threshold SafetyAlert()[OCD1] = 0
Normal Current() > OCD2:Threshold SafetyAlert()[OCD2] = 0
Alert Current() < OCD1:Threshold SafetyAlert()[OCD1] = 1
Alert Current() < OCD2:Threshold SafetyAlert()[OCD2] = 1
Tri Current() continuous < OCD1:Threshold for * SafetyAlert([OCDI] :?
P OCD1:Delay duration * SafetyStatus()[OCD1] = 1
« Discharging is not allowed.
. fetyAl D2] =
Tri Current() continuous < OCD2:Threshold for SafetyAlert()[OCD2] ?
P OCD2:Delay duration * SafetyStatus()[OCD2] = 1
« Discharging is not allowed.
[SafetyStatus()[OCD1] = 1 OR R -
Recover SafetyStatus()[OCD2] = 1] AND recovery delay SafetyStatus([OCD1] _ 0
y timer running > OCD:Recovery Delay Time from : S.afetySt:‘;\tus.()[OCDZ] =0
the time that Current() < OCD:Recovery Threshold | ¢ Discharging is allowed.
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3.7 Hardware-Based Protection
The bg30z554-R1 device has three main hardware-based protections—OLD, SCC, and SCD—uwith
adjustable current and delay time. The data flash protection Threshold and Delay settings are documented
in Appendix A. By setting the AFE State Control[RSNS] flag, the threshold values will be divided in half.
The Threshold settings are in mV, thus, the actual current that triggers the protection is based on the
RSNS resistor used in the schematic design.
All the hardware-based protections provide a short term Trip/Alert/Recovery protection to account for a
current spike as well as a Trip/Alert/Latch protection for true faulty condition. The latch feature also stops
the FETs from toggling on and off continuously, preventing damage to the FETSs.
In general, when a fault is detected after the Delay time, both CHG and DSG FETs will be disabled (Trip
stage). An internal fault counter will be incremented (Alert stage). Since both FETs are off, the current will
drop to 0 mA. After Recovery time, the CHG and DSG FETs will be turned on again (Recovery stage).
If the alert is caused by a current spike, the fault count will be decremented after Counter Dec Delay time.
If this is a true faulty condition, the device will enter the Trip stage after Delay time, and repeat the
Trip/Alert/Recovery cycle. The internal fault counter is incremented every time the device goes through the
Trip/Alert/Recovery cycle. Once the internal fault counter hits the Latch Limit, the protection enters a Latch
stage and the fault will only be cleared through the Latch Reset condition.
The Trip/Alert/Recovery/Latch stages are documented in each hardware-based protection sections below.
3.7.1 Overload in Discharge Protection
The bg30z554-R1 device has a hardware-based overload in discharge protection with adjustable current
and delay.
Status Condition Action
Normal Current() > (Threshold / RSNS) + SafetyAlert()[OLD] = 0, if OLD counter = 0
. » SafetyStatus()[OLD] =1
Trip gglréréné(grggggnuous < (Threshold / RSNS) for . CHG FET and DSG FET disabled
¢ Increment OLD counter
» SafetyAlert()[OLD] =1
Alert OLD counter >0 - Decrement OLD counter by one after each
Counter Dec Delay period
SafetyStatus()[OLD] = 1 AND . _
Recovery SafetyStatus()[OLDL] = 0 AND Recovery duration SafetyStatus([OLD] = 0
wait time * CHG FET and DSG FET return to normal
» SafetyStatus()[OLD] = 0
» SafetyStatus()[OLDL] =1
Latch OLD counter 2 Latch Limit « Reset OLD counter
» Disable recovery method
» Enable reset method
SafetyStatusO[OLDL] = 1 AND Syst » SafetyStatus()[OLDL] =0
afetyStatus = ystem .
Latch Reset (NR = 0) | Configuration[NR] = 0 AND Low-high-low C_HG FET and DSG FET return to normal
transition on PRES pin + Disable reset method
» Enable recovery method
SafetyStatusO[OLDL] = 1 AND Syst » SafetyStatus()[OLDL] =0
afetyStatus = ystem .
Latch Reset (NR = 1) | Configuration[NR] = 1 AND Reset duration wait C_HG FET and DSG FET return to normal
time » Disable reset method
» Enable recovery method
SLUUA79-0October 2013 Protections 21
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3.7.2 Short Circuit in Charge Protection
The bg30z554-R1 device has a hardware-based short circuit in charge protection with adjustable current

and delay.
Status Condition Action
Normal Current() < (Threshold[2:0] / RSNS) SafetyAlert()[SCC] = 0, if SCC counter = 0
SafetyStatus()[SCC] = 1
Trip Current() continuous = (Threshold[2:0] / RSNS) If charging, BatteryStatus()[TCA] = 1
for Threshold([7:4] duration CHG FET and DSG FET disabled
Increment SCC counter
SafetyAlert()[SCC] = 1
Alert SCC counter >0 Decrement SCC counter by one after each
Counter Dec Delay period
SafetyStatus()[SCC] = 1 AND SafetyStatus()[SCC] = 0
Recovery SafetyStatus()[SCCL] = 0 AND Recovery duration BatteryStatus()[TCA] = 0
wait time CHG FET and DSG FET return to normal
SafetyStatus()[SCC] = 0
SafetyStatus()[SCCL] = 1
Latch SCC counter 2 Latch Limit Reset SCC counter

Disable recovery method
Enable reset method

Latch Reset (NR = 0)

SafetyStatus()[SCCL] = 1 AND System
Configuration[NR] = 0 AND Low-high-low
transition on PRES pin

SafetyStatus()[SCCL] = 0
BatteryStatus()[TCA] =0

CHG FET and DSG FET return to normal
Disable reset method

Enable recovery method

Latch Reset (NR = 1)

SafetyStatus()[SCCL] = 1 AND System
Configuration[NR] = 1 AND Reset duration wait
time

SafetyStatus()[SCCL] =0
BatteryStatus()[TCA] =0

CHG FET and DSG FET return to normal
Disable reset method

Enable recovery method

3.7.3 Short Circuit in Discharge Protection

The device has a hardware-based short circuit in discharge protection with adjustable current and delay.

Status Condition Action
Normal Current() > (Threshold[2:0] / RSNS) SafetyAlert()[SCD] = 0, if SCD counter = 0
fetyStat D=1
. Current() continuous < (Threshold[2:0] / RSNS) for SafetyStas([SCD] .
Trip Threshold[7:4] duration CHG FET and DSG FET disabled
Increment SCD counter
SafetyAlert()[SCD] = 1
Alert SCD counter >0 Decrement SCD counter by one after each
Counter Dec Delay period
SafetyStatus()[SCD] = 1 AND _
Recovery SafetyStatus()[SCDL] = 0 AND Recovery duration SafetyStatus()[SCD] = 0
wait time CHG FET and DSG FET return to normal
SafetyStatus()[SCD] = 0
SafetyStatus()[SCDL] = 1
Latch SCD counter = Latch limit Reset SCD counter
Disable recovery method
Enable reset method
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Overtemperature in Charge Protection

Status

Condition

Action

Latch Reset (NR = 0)

SafetyStatus()[SCDL] = 1 AND System

on PRES pin

Configuration[NR] = 0 AND Low-high-low transition

SafetyStatus()[SCDL] =0

CHG FET and DSG FET return to normal
Disable reset method

Enable recovery method

Latch Reset (NR = 1)

SafetyStatus()[SCCL] = 1 AND System
Configuration[NR] = 1 AND Reset duration wait
time

SafetyStatus()[SCDL] =0

CHG FET and DSG FET return to normal
Disable reset method

Enable recovery method

3.8 Overtemperature in Charge Protection

The bg30z554-R1 device has an overtemperature protection for cells in charge direction.

Status Condition Action
Cell Temperature in Temperatures() < Threshold
Normal AND chafgingu ! peratures() SafetyAlert()[OTC] = 0
Cell Temperature in Temperatures() = Threshold
Alert AND ch a?gin 9 P 0 SafetyAlert()[OTC] = 1
SafetyAlert()[OTC] =0
SafetyStatus()[OTC] = 1
Trip Cell Temperature in Temperatures() = Threshold BatteryStatus()[OTA] = 1
AND charging for Delay duration BatteryStatus()[TCA] = 1
Charging Disabled if Temperature
Configuration[OTFET] = 1
SafetyStatus()[OTC] =0
Recover SafetyStatus()[OTC] AND Cell Temperature in BatteryStatusQ[OTA] = 0
y Temperatures() < Recovery BatteryStatus()[TCA] = 0
Charging is allowed if Temperature
Configuration[OTFET] = 1.

3.9 Overtemperature in Discharge Protection

The device has an overtemperature protection for cells in discharge.

Status Condition Action
Cell Temperature in Temperatures() < Threshold
Normal AND discr?]arging p 0 SafetyAlert()[OTD] = 0
Cell Temperature in Temperatures() = Threshold
Alert D disc‘;argmg P 0 SafetyAlert([OTD] = 1
SafetyAlert()[OTD] = 0
Tri Cell Temperature in Temperatures() =2 Threshold SafetyStatus()[OTD] = 1
P AND discharging for Delay duration BatteryStatus()[OTA] = 1
Discharging Disabled if Temperature
Configuration[OTFET] = 1
SafetyStatus()[OTD] = 0
Recovery SafetyStatus()[OTD] AND Cell Temperature in BatteryStatus()[OTA] = 0
Temperatures() < Recovery Discharging is allowed if Temperature
Configuration[OTFET] = 1.

3.10 Overtemperatur

e FET Protection

The device has an overtemperature protection to limit the FET temperature.
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Delay duration

Status Condition Action
Normal FET Temperature in Temperatures() < Threshold « SafetyAlert)[OTF] = 0
Alert FET Temperature in Temperatures() = Threshold - SafetyAlert()[OTF] = 1
» SafetyAlert()[OTF] =0

Trip FET Temperature in Temperatures() = Threshold for ' zzzteet?lfst?at?js%gfi]:zll

CHG FET and DSG FET off if Temperature
Configuration[OTFET] =1

SafetyStatus()[OTF] AND FET Temperature in

Recovery Temperatures() < Recovery

SafetyStatus()[OTD] = 0
BatteryStatus()[OTA] = 0
CHG FET and DSG FET return to normal

3.11 SBS Host Watchdog Protection

The device can check for periodic communication over SBS and prevent usage of the battery pack if no

valid communication is detected.

Status Condition Action
Trip No valid SBS transaction for Delay duration : Safety-Statu-s()[HWD] =1
¢ Charging disabled, CHG FET off
Recovery Valid SBS transaction detected * SafetyStatus([HWD] = 0 o
¢ CHG FET returns to normal, charging is allowed.

3.12 Precharge Timeout Protection

The device can measure the precharge time and stop charging if

it exceeds the adjustable period.

Status Condition Action
e Start PTO i
Enable Current() > Charge Threshold AND ar imer _
ChargingStatus()[PV] = 1 * SafetyAlert()[PTO] = 1
» SafetyAlert()[PTOS] =0
» Stop PTO timer
Suspend or Recovery | Current() < Suspend Threshold « SafetyAlert)[PTO] = 1
» SafetyAlert()[PTOS] =1
e Stop PTO timer
» SafetyAlert()[PTO] = 0
Trip PTO time > Delay « SafetyStatus()[PTO] = 1
» BatteryStatus()[TCA] =1
» Charging is not allowed.
» Stop and reset PTO timer
SafetyStatus()[PTO] = 1 AND Syst " SafetyAlert([PTO] = 0
afetyStatus = ystem . _
Reset Configuration[NR] = 0 AND low-high-low transition SafetyAlert()[PTOS] = 0
on PRES » SafetyStatus()[PTO] =0
» BatteryStatus()[TCA] =0
« Charging is allowed.
* Stop and reset PTO timer
» SafetyAlert()[PTO] = 0
R SafetyStatus()[PTO] = 1 AND Discharge by an » SafetyAlert()[PTOS] =0
eset
amount of Reset + SafetyStatus()[PTO] = 0
» BatteryStatus()[TCA] = 0
* Charging is allowed.
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Fast Charge Timeout Protection

3.13 Fast Charge Timeout Protection

The device can measure the charge time, and stop charging if it exceeds the adjustable period.

ChargingStatus()[MV] = 1 OR
ChargingStatus()[HV] = 1)

Status Condition Action
Current() > Charge Threshold AND Start CTO timer
Enable (ChargingStatus([LV] = 1 OR SafetyAlert([CTO] = 1

SafetyAlert()[CTOS] = 0

Suspend or Recovery

Current() < Suspend Threshold

Stop CTO timer
SafetyAlert()[CTO] =1
SafetyAlert()[CTOS] = 1

Stop CTO timer
SafetyAlert()[CTO] =0

amount of Reset

Trip CTO time > Delay SafetyStatus()[CTO] = 1
BatteryStatus()[TCA] = 1
Charging is not allowed.
Stop and reset CTO timer
SafetyStatus()[CTO] = 1 AND Syst SafetyAlert[CTO] =0
afetyStatus = ystem _
Reset Configuration[NR] = 0 AND low-high-low SafetyAlert()[CTOS] = 0
transition on PRES SafetyStatus()[CTO] = 0
BatteryStatus()[TCA] =0
Charging is allowed.
Stop and reset CTO timer
SafetyAlert()[CTO] =0
Reset SafetyStatus()[CTO] = 1 AND Discharge by an SafetyAlert()[CTOS] = 0

SafetyStatus()[CTO] = 0
BatteryStatus()[TCA] =0
Charging is allowed.

3.14 Overcharge Protection

The device can prevent continuing charging if the pack is charged

in excess over FullChargeCapacity().

Status Condition Action
Normal RemainingCapacity() < FullChargeCapacity() SafetyAlert()[OC] = 0
Alert RemainingCapacity() = FullChargeCapacity() SafetyAlert()[OC] =
SafetyAlert()[OC] = 0
Trip RemainingCapacity() 2 FullChargeCapacity() + SafetyStatus()[OC] = 1
Threshold BatteryStatus()[TCA] = 1
Charging is not allowed.
SafetyStatus()[OC] = 1 System SafetyStatus()[OC] = 0
Recovery Configuration[NR] = 0 AND ( Low-high-low BatteryStatus()[TCA] = 0
transition on PRES pin Charging is allowed.
SafetyStatus()[OC] =1 System Configuration[NR] SafetyStatus()[OC] = 0
Recovery =1 AND continuous discharge of Recovery OR BatteryStatus()[TCA] = 0
RemainingStateOfCharge() < RSOC Recovery Charging is allowed.

3.15 Over-ChargingVoltage() Protection

The device can stop charging if it measures a difference between the requested ChargingVoltage() and

the delivered voltage from the charger.
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Status Condition Action
PackVoltage() < ChargingVoltage() +
Normal CHGV:Thrges(gmld ging 9e0 SafetyAlert()[CHGV] = 0
PackVoltage() = ChargingVoltage() + _
Alert CHGV:Threshold SafetyAlert()[CHGV] = 1
SafetyAlert()[CHGV] = 0
Tri PackVoltage() continuous = ChargingVoltage() + SafetyStatus()[CHGV] = 1
P CHGV:Threshold for CHGV:Delay period BatteryStatus()[TCA] = 1
Charging is not allowed.
f HGV] =
Recover SafetyStatus()[CHGV] = 1 AND PackVoltage() < SafetyStatus([CHGV] = 0
y ChargingVoltage() + CHGV Recovery BatteryStatus()[TCA] = 0
Charging is allowed.

3.16 Over-ChargingCurrent() Protection

The device can stop charging if it measures a difference between the requested ChargingCurrent() and
the delivered current from the charger. This protection is designed to recover by a discharge event;
therefore, CHGC Recovery should be set to a negative value in the data flash.

Status Condition Action
Normal Current() < ChargingCurrent() + CHGC:Threshold « SafetyAlert()[CHGC] =0
Alert Current() = ChargingCurrent() + CHGC:Threshold « SafetyAlert()[CHGC] = 1
« SafetyAlert()[CHGC] =0

Tri Current() continuous = ChargingCurrent() + « SafetyStatus()[CHGC] = 1
P CHGC:Threshold for CHGC:Delay period « BatteryStatus()[TCA] = 1
¢ Charging is not allowed.

« SafetyStatus()[CHGC] =0

f H =1 AND <CH
Recovery FSQ ce(?\/lsetratus()[c GC] Current() < CHGC . BatteryStatus([TCA] = 0
y
¢ Charging is allowed.
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Advanced Charging Algorithm

4.1 Introduction

The device can change the values of ChargingVoltage() and ChargingCurrent() based on Temperatures()
and Cell Voltagel..4(). Its flexible charging algorithm is JEITA compatible and can also meet ATL cell
charge requirements. The ChargingStatus() register shows the state of the charging algorithm.
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4.2 Charge Temperature Ranges

T4
Temperature

The measured temperature is segmented into several temperature ranges. The charging algorithm adjusts
ChargingCurrent() and ChargingVoltage() according to the temperature range. The temperature ranges

set in the data flash need to adhere to the following format:
T1<T2<T5<T6<T3=<T4

Status Condition Action
Under Temp T1 < Temperature() > T1 + Hysteresis . ChargfngStatus()[UT] =0
Temp « ChargingStatus([LT] = 1
Low Temp Temperature() < T1 ) ChargfngStatus()[LT] =0
¢ ChargingStatus()[UT] = 1
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4.3

4.4

Status

Condition

Action

Low Temp

Temperature() > T2 + Hysteresis Temp

ChargingStatus()[LT] =0
ChargingStatus()[STL] = 1

Standard Temp Low

Temperature() < T2

ChargingStatus()[STL] =0
ChargingStatus()[LT] =1

Standard Temp Low

Temperature() > T5 + Hysteresis Temp

ChargingStatus()[STL] = 0
ChargingStatus()[RT] = 1

Recommended Temp

Temperature() < T5

ChargingStatus()[RT] =0
ChargingStatus()[STL] = 1

Recommended Temp

Temperature() > T6

ChargingStatus()[RT] =0
ChargingStatus()[STH] = 1

Standard Temp High

Temperature() < T6 — Hysteresis Temp

ChargingStatus()[STH] = 0
ChargingStatus()[RT] = 1

Standard Temp High

Temperature() > T3

ChargingStatus()[STH] = 0
ChargingStatus()[HT] = 1

High Temp

Temperature() < T3 — Hysteresis Temp

ChargingStatus()[HT] = 0
ChargingStatus()[STH] = 1

High Temp

Temperature() > T4

ChargingStatus()[HT] = 0
ChargingStatus()[OT] = 1

Over Temp

Temperature() < T4 — Hysteresis Temp

ChargingStatus()[OT] =0
ChargingStatus()[HT] = 1

Voltage Range

The measured cell voltage is segmented into several voltage ranges. The charging algorithm adjusts
ChargingCurrent() according to the temperature range and voltage range. The voltage ranges set in the
data flash need to adhere to the following format:

ChargingVoltage Low < ChargingVoltage Med =< ChargingVoltageHigh < x Temp Charging:Voltage

Status

Condition

Action

Not Precharge

Any Cell Voltages in Voltages() < Charging Voltage
Low

ChargingStatus()[LV] = 0
ChargingStatus()[MV] = 0
ChargingStatus()[HV] = 0
ChargingStatus()[PV] = 1

Precharge

All Cell Voltages in Voltages() > Charging Voltage
Low

ChargingStatus()[PV] = 0
ChargingStatus()[LV] = 1

Low

Any Cell Voltage in Voltages() > Charging Voltage
Medium

ChargingStatus()[LV] = 0
ChargingStatus()[MV] = 1

Medium

Any Cell Voltage in Voltages() > Charging Voltage
High

ChargingStatus()[MV] = 0
ChargingStatus()[HV] = 1

High

All Cell Voltages in Voltages() < Charging Voltage
High — Voltage Hysteresis AND no charging
detected

ChargingStatus()[HV] = 0
ChargingStatus()[MV] = 1

Medium

All Cell Voltages in Voltages() < Charging Voltage
Medium — Voltage Hysteresis AND no charging
detected

ChargingStatus()[MV] = 0
ChargingStatus()[LV] = 1

Charging Current

The ChargingCurrent() value changes depending on the detected temperature and voltage per the

charging algorithm.
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Charging Voltage

NOTE: Table priority is top to bottom.

Temp Range Voltage Range Condition Action
OperationStatus()[PRES] = 0 OR
SafetyStatus()[COV] = 1 OR
SafetyStatus()[OCC] = 1 OR
Any Any SafetyStatus()[ASCC] = 1 OR ChargingCurrent() = 0
SafetyStatus()[ASCCL] = 1 OR
SafetyStatus()[CTO] = 1 OR
SafetyStatus()[PTO] = 1
UT or OT Any — ChargingCurrent() = 0
Any PV — ChargingCurrent() = Pre-Charging:Current
. _ ChargingCurrent() = Maintenance
Any LV, MV, or HV ChargingStatus()[MCHG] = 1 Charging: Current
LV . ChargingCurrent() = Low Temp
Charging:Current Low
- ChargingCurrent() = Low Temp
LT MV Charging:Current Med
HV . ChargingCurrent() = Low Temp
Charging:Current High
LV - ChargingCurrent() = Standard Temp
Charging:Current Low
ChargingCurrent() = Standard Temp
STL or STH MV - Charging:Current Med
HY - ChargingCurrent() = Standard Temp
Charging:Current High
LV . ChargingCurrent() = Rec Temp
Charging:Current Low
- ChargingCurrent() = Rec Temp
RT MV Charging:Current Med
HY . ChargingCurrent() = Rec Temp
Charging:Current High
LV - ChargingCurrent() = High Temp
Charging:Current Low
. ChargingCurrent() = High Temp
HT MV Charging:Current Med
HY - ChargingCurrent() = High Temp
Charging:Current High

45 Charging Voltage

The ChargingVoltage() changes depending on the detected temperature per the charge algorithm.

NOTE: Table priority is top to bottom.

Temp Range Condition Action
OperationStatus()[PRES] = 0 OR
SafetyStatus()[COV] = 1 OR
SafetyStatus()[OCC] = 1 OR
Any SafetyStatus()[ASCC] =1 OR ChargingVoltage() = 0
SafetyStatus()[ASCCL] =1 OR
SafetyStatus()[CTO] = 1 OR
SafetyStatus()[PTO] = 1
UT or OT — ChargingVoltage() = 0
LT — ChargingVoltage() = Low Temp Charging:Voltage * Number of Cells
STL or STH . ggﬁléglngVoltage() = Standard Temp Charging:Voltage * Number of
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Temp Range Condition Action
RT — ChargingVoltage() = Rec Temp Charging:Voltage * Number of Cells
HT — ChargingVoltage() = High Temp Charging:Voltage * Number of Cells

4.6 Valid Charge Termination
The charge termination condition must be met to enable valid charging termination.
Status Condition Action
. GaugingStatus()[REST] = 0 AND . . .
Charging GaugingStatus()[DSG] = 0 « Charging Algorithm active
_ ¢ ChargingStatus()[VCT] =1
(Charging AND AverageCurrent() + ChargingStatus()[MCHG] = 1
continuous < Charge Term Taper » ChargingVoltage() = Charging Algorithm
valid Charge Current AND Maximum cell voltage in g. 9 9el = g. 9 A9 .
Terminatiogn Voltages() + Charge Term Voltage > ¢ ChargingCurrent() = Charging Algorithm
ChargingVoltage()/Number of Cells « BatteryStatus()[FC] = 1 and GaugingStatus()[FC] = 1 if
AND Acharge > .25 mAH) for two SOCFlagConfig 0-15[FCSETVCT] =1
consecutive 40-s periods * BatteryStatus()[TCA] = 1 and GaugingStatus()[TCA] = 1 if
SOCFlagConfig 0-15 [TCASETVCT] = 1
4.7 Maintenance Charge
Maintenance charge can be configured to provide charge current after charge termination is reached.
Status Condition Action
ChargingStatusO[IN] = 0 AND ¢ ChargingStatus()[MCHG] = 1
argingStatus = . . _ . .
cet ChargingStatus()[SU] = 0 AND Charg!ngVoltage() = Charg.mg Algor.lthm
€ ChargingStatus()[PV] = 0 AND + ChargingCurrent() = Charging Algorithm
GaugingStatus()[TCA] =1 « If Charging Configuration[CHGFET] = 1, then CHG, PCHG FET
disabled and Charging Voltage() = ChargingCurrent() = 0
ChargingStatus()[IN] =1 OR . ; -

Clear ChargingStatus()[SU] = 1 OR Charg!ngStatus()[M_CHG] _0 .
ChargingStatus()[PV] = 1 OR . Charg!ngVoItage() = Charg.mg Algor.lthm
GaugingStatus()[TCA] = 0 » ChargingCurrent() = Charging Algorithm

4.8 Charge Disable
The device can disable charging if certain safety conditions are detected.

Status Condition Action
ALL PFStatus()[] = 0 AND
SafetyStatus()[COV] = 0 AND
SafetyStatus()[OCC] = 0 AND
SafetyStatus()[SCC] = 0 AND

Normal SafetyStatus()[SCCL] = 0 AND « ChargingVoltage() = Charging Algorithm
SafetyStatus()[CTO] = 0 AND « ChargingCurrent() = Charging Algorithm
SafetyStatus()[PTO] = 0 AND
OperationStatus()[PRES] = 1 AND
GaugingStatus()[TCA] = 0 if
ChargingConfiguration()[CHGFET] = 1
ANY PFStatus()[] =1 OR
SafetyStatus()[COV] = 1 OR
SafetyStatus()[OCC] = 1 OR
SafetyStatus()[SCC] = 1 OR

Trip SafetyStatus()[SCCL] = 1 OR « ChargingVoltage() = 0
SafetyStatus()[CTO] = 1 OR « ChargingCurrent() = 0
SafetyStatus()[PTO] = 1 OR
OperationStatus()[PRES] = 0 OR
GaugingStatus()[TCA] = 1 if
ChargingConfiguration()[CHGFET] = 1
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4.9 Charge Inhibit

The device can stop charging at high and low temperatures to prevent damage of the cells.

Status Condition Action
gﬂafg!”ggtatusg{gﬂ_]: 1100RR « ChargingStatus()[IN] = 0
argingStatus = . . = . .
Normal ChargingStatus([RT] = 1 OR Charg!ngVoltage() = charg.mg algor.lthm
ChargingStatus()[STH] = 1 » ChargingCurrent() = charging algorithm
* ChargingStatus()[IN] = 1
. . _ ¢ ChargingVoltage() = 0
Tri ChargingStatus()[UT] = 1
P ging 0Ll ¢ ChargingCurrent() = 0
* No charging is allowed if Charging Configuration[CHGIN] = 1
* ChargingStatus()[IN] = 1
Trip Not charging AND ChargingStatus()[HT] « ChargingVoltage() = 0
=1 OR ChargingStatus()[OT] = 1) + ChargingCurrent() = 0
* No charging is allowed if Charging Configuration[CHGIN] = 1

4,10 Charge Suspend
The device can stop charging at high and low temperatures to prevent damage of the cells.

Status Condition Action
ChargingStatus()[LT] = 1 OR ]
ChargingStatus()[STL] = 1 OR » ChargingStatus()[SU] = 0

Normal ChargingStatus()[RT] = 1 OR + ChargingVoltage() = charging algorithm

ChargingStatus[STH]=1 OR

ChargingStatusQ[HT] = 1 ¢ ChargingCurrent() = charging algorithm

¢ ChargingStatus()[SU] = 1

ChargingStatus()[UT] = 1 OR « ChargingVoltage() = 0

ChargingStatus()[OT] = 1 « ChargingCurrent() = 0

* No charging is allowed if Charging Configuration[CHGSU] = 1

Trip

4.11 ChargingVoltage() Rate of Change

The device can slope the value changes from one range to another to avoid jumping between different
voltage ranges.

NOTE: The host needs to read ChargingVoltage() at least once a second during charging to adjust
the charger accordingly.

Status Condition Action

) ) * ChargingStatus()[CVR] = 1
Trip ChargingVoltage() Change « ChargingVoltage() = OLD + n * (New — OLD)/Voltage Rate, n
= 1.. Voltage Rate for Voltage Rate seconds

4.12 ChargingCurrent() Rate of Change

The device can slope the value changes from one range to another to avoid jumping between different
current ranges.

NOTE: The host needs to read ChargingCurrent() at least once a second during charging to adjust
the charger accordingly.
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Status Condition Action
) ) ¢ ChargingStatus()[CCR] = 1
Trip ChargingCurrent() Change « ChargingCurrent() = OLD + n * (New — OLD)/Current Rate, n
= 1.. Current Rate for Current Rate seconds

4.13 Charging Loss Compensation

The device can modify ChargingVoltage() and ChargingCurrent() to compensate losses caused by the
FETSs, the fuse, and the sense resistor by measuring the cell voltages directly and adjusting
ChargingCurrent() and ChargingVoltage() accordingly.

In CONSTANT CURRENT mode, the device can increase the ChargingVoltage() value to compensate the
drop losses.

NOTE: The host must read ChargingVoltage() and/or ChargingCurrent() at least once a second
during charging to adjust the charger accordingly.

Status Condition Action
Current() > CCC Current Threshold AND ¢ ChargingStatus()[CCC] =0
Normal - - .
Voltage() = Charging algorithm voltage « ChargingVoltage() = Charging Algorithm

Current() > CCC Current Threshold AND * ChargingStatus()[CCC] = 1

Active Voltage() < Charging algorithm voltage + ChargingVoltage() = Charging Algorithm +
(PackVoltage() — Voltage())
Limit (PackVoltage() — Voltage()) > CCC Voltage « ChargingVoltage() = Charging Algorithm + CCC Voltage
Threshold Threshold
32 Advanced Charging Algorithm SLUUA79-October 2013
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Permanent Falil

5.1 Introduction

The device can permanently disable the use of the battery pack in case of a severe failure. The following

actions in sequence are taken in PERMANENT FAIL (PF) mode when the Settings:Manufacturing

Status[PF] bit is enabled. An individual PF event can be enabled and disabled with Settings:Enabled

PF0-15 and Settings:Enabled PF16-31 even after Settings:Manufacturing Status[PF] bit is enabled.

All PF protections can be disabled globally through Settings:Manufacturing Status[PF] regardless of the

Enabled PF 0-15 and Enable PF 16 —31 settings.

1. Precharge, charge, and discharge FETs are turned off.

2. The following SBS data is changed: BatteryStatus()[TCA] = 1, if not charging, BatteryStatus()[TDA] = 1,
ChargingCurrent() = 0, ChargingVoltage() = 0.

3. A backup of the internal AFE hardware registers are written to data flash: STATUS,
STATE_CONTROL, OUTPUT_STATUS, FUNCTION_CONTROL, CELL_SEL , OCDV, OCDD, SCD1,
SCD2.

4. The black box data of the last three SafetyStatus() changes leading up to PF with time difference is
written into data flash.

5. The cause of the permanent fail is logged into PFAlert and PFStatus.

6. The following SBS values are preserved in the data flash for failure analysis:

« SafetyAlert()

« SafetyStatus()

« PFAlert()

e PFStatus()

e OperationStatus()
e ChargingStatus()
* GaugingStatus()
« Voltages()

e Temperatures()

« DOD()

7. Data flash writing is disabled, except subsequent PFStatus flags.

8. Subsequent PFs are appended to PFAlert and PFStatus in PF Status class. PF Status is also logged
separately to the Black Box Recorder 1st, 2nd, and 3rd PF Status.

9. The FUSE pin is driven high if configured for specific failures.

5.2 Black Box Recorder

The Black Box Recorder maintains the last three updates of SafetyStatus() in memory. In case of

permanent failure, this information is written to data flash together with the first three updates of

PFStatus() after the PF event.
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NOTE: This information is useful in failure analysis, and can provide a full recording of the events
and conditions leading up to the permanent failure.

If there were less than three safety events before PF, then some information will be left
blank.

5.3 Cell Undervoltage Permanent Fail

The device can permanently disable the battery in case of a severely low cell voltage level.

Status Condition Action
Normal All Cell voltages in Voltages() > Threshold * PFAlerf)[CUV] = 0
« BatteryStatus()[TDA] = 0
Alert Any Cell voltages in Voltages() < Threshold * PFAlert)[CUV] = 1
« BatteryStatus()[TDA] = 1
« PFAlert()[CUV] = 0
Tri Any Cell voltages in Voltages() continuous < Threshold for * PFStatus()[CUV] =1
P Delay duration AND Enabled PF 0-15[CUV] = 1 . BatteryStatus([FD] = 1
« BatteryStatus()[TDA] = 1

5.4 Cell Overvoltage Permanent Fail

5.5

The device can permanently disable the battery in case of severe overvoltage of a cell.

Status

Condition Action
Normal All Cell voltages in Voltages() < Threshold * PFAlert()[COV] =0
Alert Any Cell voltages in Voltages() 2 Threshold e PFAlert()[COV] =1
Tri Any Cell voltages in Voltages() continuous = Threshold for * PRAlertO[COV] :E)
P Delay duration AND Enabled PF 0-15[COV] = 1 * PFStatus([COV] =1
« If charging, BatteryStatus()[OCA] = 1

Copper Depo

sition Permanent Fail

The device can permanently disable the battery in case of a severely low cell voltage level. The copper
deposition checks cell voltages upon wake up from SHUTDOWN mode while keeping the charge,
discharge, and precharge FETs off until the check is complete.
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Overtemperature Cell Permanent Falil

Status Condition Action
Normal All Cell voltages in Voltages() > Threshold PFAlert)[CUDEP] = 0
BatteryStatus()[TDA] = 0
Alert Any Cell voltages in Voltages() < Threshold PFAlert)[CUDEP] = 1
BatteryStatus()[TDA] = 1
PFAlert()[ CUDEP] =0
Tri Any Cell voltages in Voltages() continuous < Threshold for PFStatus()[CUDEP] = 1
P Delay duration AND Enabled PF 0-15[CUDEP] = 1 BatteryStatus()[FD] = 1
BatteryStatus()[TDA] = 1

5.6 Overtemperature Cell Permanent Fail

The device can permanently disable the battery pack in case of severe overtemperature of the cells.

Status Condition Action
Normal Cell Temperature in Temperatures() < Threshold PFAlert()[OTCE] = 0
Alert Cell Temperature in Temperatures() = Threshold PFAlert()[OTCE] = 1
Cell Temperature in Temperatures() continuous = _
Trip Threshold for Delay duration PFAlert)[OTCE] =0
AND Enabled PF 0-15[OTCE] = 1 PFStatus()[OTCE] = 1

5.7 Overtemperature FET Permanent Fail

The device can permanently disable the battery pack in case of severe overtemperature on the power

FET.
Status Condition Action
Normal FET Temperature in Temperatures() < Threshold PFAlert)[OTF] =0
Alert FET Temperature in Temperatures() = Threshold PFAlert)[OTF] =1

Trip

FET Temperature in Temperatures() continuous =
Threshold for Delay duration AND
Enabled PF 0-15[OTF] = 1

PFAlert)[OTF] =0
PFStatus()[OTF] = 1
BatteryStatus()[OTA] = 1

5.8 QMAX Imbalance Permanent Fail

5.9

The device can permanently disable the battery pack in case the capacity of one of the cells is much lower
than the others.

Status Condition Action
Normal A(QMAX Cell 0..3) < Threshold « PFAlert()[QIM] =0
Alert A(QMAX Cell 0..3) = Threshold « PFAlert()[QIM] = 1
A(QMAX Cell 0..3) continuous = Threshold for number of . _
Trip Delay® updates AND PFAlert([QIM] = 0
Enabled PF 0-15[QIM] = 1 * PFStatus()[QIM] = 1

@ The delay for this check is counted each time QMAX is updated.

Cell Balancing Permanent Fail

The device can permanently disable the battery pack in case one of the cells in the series is cell balanced
much more than the others.
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Status Condition Action
Normal A(Time Cell 0..3) < Delta Threshold « PFAlert()[CB] = 0
Alert A(Time Cell 0..3) 2 Delta Threshold « PFAlert()[CB] = 1
A(Time Cell 0..3) continuous = Delta Threshold for . _
Trip Delay™ cycles AND PFAlert([CB] = 0
Enabled PF 0-15[CB] = 1 * PFStatus()[CB] = 1
Trip Max (Time Cell 0..3) = Max Threshold AND * PFAlert()[CB] =0
Enabled PF 0-15[CB] =1 + PFStatus()[CB] = 1

@ The delay for this check is counted every time the CycleCount() is incremented.

5.10 Capacity Degradation Permanent Fail

The device can permanently disable the battery pack in case the capacity of the cell stack is degraded
below a threshold.

Status Condition Action
Normal All(QMAX1..4) > Threshold « PFAlert()[CD] = 0
Alert Any(QMAX1..4) < Threshold « PFAlert()[CD] = 1
i &
Tip ﬁrl\ll)gQMAXLA) continuous < Threshold for Delay™ cycles - PFAlert()[CD] = 0
Enabled PF 0-15[CD] = 1 * PFStatus()[CD] = 1

@ The delay for this check is counted every time the CycleCount() is incremented.

5.11 Impedance Permanent Fail

The device can permanently disable the battery pack in case the impedance of one of the cells is much
higher than the others.

NOTE: Reference Grid is configurable from 0O (resistance at fully charged cell) to 14 (resistance at
fully discharged cell). The Design Resistance will be automatically calculated and updated
during learning cycle and is part of the golden image.

This check is only performed when the gauge updates the Ra data for the Reference Grid.

Status Condition Action
(Cell0..3 R_a at Reference Grid) < (Delta Threshold * _
Normal Design Resistance) * PFAlert([IMP] =0
Alert A(Cell0..3 R_a at Reference Grid) = (Delta Threshold * _
Design Resistance) * PFAlert([IMP] = 1
A(Cell0..3 R_a at Reference Grid) = (Delta Threshold * . _
Trip Design Resistance) for Ra Update Counts PFAlert()[IMP] = 0
AND Enabled PF 0-15[IMP] = 1 * PFStatus()[IMP] = 1
A(Cell0..3 R_a at Reference Grid) = (Max Threshold * . _
Trip Design Resistance) PFAlert()[IMP] = 0
AND Enabled PF 0-15[IMP] = 1 * PFStatus()[IMP] = 1

5.12 Voltage Imbalance at Rest Permanent Fail

The device can permanently disable the battery pack in case of a voltage difference between the cells in a
stack while at rest.

Status Condition Action
Al Cell voltages in Voltages() < Check Voltage

Normal » |Current()| > Check Current * PFAlert()[VIMR] = 0
» A(Cell voltages in Voltages()) < Delta Threshold
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Voltage Imbalance Active Permanent Fail

Status

Condition

Action

Alert

Any Cell voltages in Voltages() = Check Voltage AND
|Current()| continuous < Check Current for Duration AND
A(Cell voltages in Voltages()) = Delta Threshold

+ PFAlert()[VIMR] = 1

Trip

[Any Cell voltages in Voltages() = Check Voltage AND
|Current()| continuous < Check Current for Duration AND
A(Cell voltages in Voltages()) = Delta Threshold] for
Delta Delay duration AND

Enabled PF 0-15[VIMR] = 1

* PFAlert()[VIMR] = 0
¢ PFStatus()[VIMR] =1

5.13 Voltage Imbalance Active Permanent Fail

The device can permanently disable the battery pack in case of a voltage difference between the cells in a

stack while active.

Status

Condition

Action

Normal

Al Cell voltages in Voltages() < Check Voltage
* Current() < Check Current
» A(Cell voltages in Voltages()) < Delta Threshold

« PFAlert()[VIMA] = 0

Alert

Any Cell voltages in Voltages() = Check Voltage AND
Current() continuous > Check Current for Duration AND
A(Cell voltages in Voltages()) = Delta Threshold

+ PFAlert([VIMA] = 1

Trip

[Any Cell voltages in Voltages() = Check Voltage AND
Current() continuous > Check Current for Duration AND
A(Cell voltages in Voltages()) continuous = Delta
Threshold] for Delay duration AND Enabled PF
0-15[VIMA] =1

* PFAlert()[VIMA] =0
¢ PFStatus()[VIMA] = 1

5.14 Charge FET Permanent Fail

The device can permanently disable the battery pack in case the charge FET is not working properly.

Status Condition Action
Normal CHG FET off AND Current() < OFF Threshold « PFAlert)[CFETF] =0
Alert CHG FET off AND Current() 2 OFF Threshold « PFAlert()[CFETF] = 1
CHG FET off AND Current() continuously = OFF . _
Trip Threshold for OFF Delay duration AND PFAIertQ[CFETF] = 0
Enabled PF 16-32[CFETF] = 1 * PFStatus()[CFETF] =1

5.15 Discharge FET Permanent Fail

The device can permanently disable the battery pack in case the discharge FET is not working properly.

Status Condition Action
Normal DSG FET off AND Current() > OFF Threshold e PFAlert()IDFET] =0
Alert DSG FET off AND Current() < OFF Threshold « PFAlert()[DFET] = 1
DSG FET off AND Current() continuously < OFF . _
Trip Threshold for OFF Delay duration AND PFAlert([DFET] = 0
Enabled PF 16-32[DFET] = 1 * PFStatus()[DFET] = 1

5.16 Thermistor Permanent Fail

The device can permanently disable the battery pack when it detects an open (internally pulled up) or
short (grounded) failure in the thermistor circuit. When a fault is detected, no PF Alert flag will be set.
Instead, the PFStatus()[THERM] flag will be set to 1 after the fault presents for ADC Delay duration.
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5.17 Chemical Fuse Permanent Fail

The device can detect a non-working fuse. The device cannot disable the battery pack permanently but
can record this event for analysis.

Status Condition Action
Normal FUSE pin = high AND |Current()| < Threshold + PFAlert()[FUSE] = 0
Alert FUSE pin = high AND |Current()| = Threshold * PFAlert()[FUSE] = 1
FUSE pin = high AND |Current()| continuous 2 . _
Trip Threshold for Delay duration AND PFAlert()[FUSE] =0

.

PFStatus()[FUSE] = 1

Enabled PF 16-32[FUSE] = 1

5.18 AFE Register Permanent Fail

The device compares the AFE hardware register periodically with a RAM backup. If the comparison fails
too many times, the device disables the pack permanently.

Status Condition Action
« PFAlert()[AFER] = 0
Normal AFE register fail counter = 0 + Compare AFE register and RAM backup

every Compare Period

+ PFAlert([AFER] = 1

« Decrement AFE register fail counter by one
Alert AFE register fail counter > 0 after each Delay Period

« Compare AFE register and RAM backup
every Compare Period

AFE register fail counter = Threshold AND Enabled PF * PFAlert()JAFER] = 0

Tri
P 16-32[AFER] = 1 + PFStatus([AFER] = 1

5.19 AFE Communication Permanent Fail

The device monitors the internal communication to the AFE hardware. If the read or write fails exceed a
limit within a timeframe, the device disables the pack permanently.

Status Condition Action
Normal AFE read/write fail counter = 0 PFAlert()[AFEC] = 0
e PFAlert()[AFEC] = 1
Alert AFE read/write fail counter > 0 + Decrement AFE read/write fail counter by

one after each Delay period

Read and Write Fail counter =2 Threshold AND Enabled * PFAlert()[AFEC] =0

Tri
P PF 16-32[AFEC] = 1 + PFStatus()[AFEC] = 1

5.20 Second Level Protection Permanent Fail

The device can detect a external trigger of the chemical fuse by an external protection circuit such as a
2nd-level protector by monitoring the FUSE pin state.

If the device detects a FUSE pin high state, the CHG and DSG FET are turned off.

Status Condition Action
Normal Reset AFE and FUSE pin = low AND no FUSE trigger * PFAlert()[2LVL] =0
by firmware « Reset internal PF 2LVL counter
« PFAlert()[2LVL] = 1
Alert FUSE pin = high AND no FUSE trigger by firmware « Increment internal PF 2LVL counter
* Clear AFE alerts
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Status Condition Action
Trip Internal PF 2LVL counter > Delay AND Enabled PF * PFAlert()[2LVL] =0
16-32[2LVL] =1 « PFStatus()[2LVL] = 1

5.21 PTC Permanent Fail

The device can detect an overtemperature using a positive temperature coefficient (PTC) resistor
connected to the PTC pin. This protection also works in SHUTDOWN mode.

If the device detects a PTC pin high state, the CHG and DSG FET are turned off. The pack is disabled
permanently. State can only be reset by a full power cycle of the device.

If PTC permanent fail is not used, the PTC pin should be connected to VSS with a 10-kQ resistor.

Status Condition Action
Reset AFE and PTC pin = low AND no FUSE trigger by
Normal firmware e PFStatus()[PTC] =0
Trip PTC pin = high . PFStatusQ[PTC] =1
¢ FUSE = high

5.22 Instruction Flash Checksum Permanent Fail
The device can permanently disable the battery in case it detects a difference between the stored IF

checksum and the calculated IF checksum right after a device reset.

Status Condition Action
Normal Stored and calculated IF checksum match e PFAlert()[IFC] =0
Trip Stored and calculated IF checksum after reset does not e PFAlert()[IFC] =0
match » PFStatus()[IFC] = 1

5.23 Open Cell Voltage Connection Permanent Fail

The device can permanently disable the battery in case it detects a difference between the BAT pin
voltage and the sum of the individual cell voltages.

Status Condition Action
|Sum(Cell voltages in Voltage() — BAT voltage in
Normal Voltages()| < Threshold AND Enabled PF « PFAlert)[OCECO] = 0
16-32[OCECOQ] =1
|Sum(Cell voltages in Voltages()) — BAT voltage in _
Alert Voltages()| = Threshold * PFAlert()[OCECO] =1
Trip |Sum(Cell voltages in Voltages()) — BAT voltage i_n * PFAlert()JOCECO] =0
Voltages()| continuous = Threshold for Delay Period + PFStatus()[OCECO] = 1

5.24 Data Flash Permanent Fail
The device can permanently disable the battery in case a data flash write fails.

NOTE: A DF write failure will cause the gauge to disable further DF writes.
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Status Condition Action
Normal Data flash write ok + PFAlert([DFW] = 0
Trip Data flash write not successful + PFAlert([DFW] = 0

« PFStatus()[DFW] =1
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To enhance battery life, the bq30z554-R1 supports different power modes to save power and minimize
power consumption during operation.

6.1 NORMAL Mode

In NORMAL mode, the device takes voltage, current, and temperature readings every 250 ms, performs
protection and gauging calculations, and updates SBS data. Between these periods of activity, the device
is in a reduced power state.

6.2 SLEEP Mode

6.2.1 Device Sleep

When the sleep conditions are met, the device goes to SLEEP mode with periodic wake-ups to reduce
power consumption. The device returns to NORMAL mode if SBS communication or current is detected.

Status Condition Action

SMBus low for SBS Low Time® AND
DA Config[SLEEP] = 1® AND

|Current()| < Sleep Current AND * Turn off DSG FET, PHCG FET
Voltage Time >0 AND ¢ Turn off CHG FET if System Configuration[SLEEPCHG]
(OperationStatus()[PRES] = 0 OR DA =0

Activate Config[NR] = 1) AND + Device goes to sleep

Sopelglixgr?(tfg:tssos[i?xl\]ll; 0 AND « Device wakes up every Sleep Voltage Time period to

> measure voltage and temperature
No PFStatus() bits set AND . g P . .
No SafetyAlert() bits set AND « Device wakes up every Sleep Current Time period to

No [OLD], [OLDL], [SCC], [SCCL], [SCD], measure current
[SCDL] set in SafetyStatus() @

SMBus connected® OR

SMBus command received® OR

DA Config[SLEEP] = 1 OR
|Current()| > Sleep Current OR

Wake comparator activates OR
Voltage Time = 0 OR

Exit g’?ﬁ;gt[ﬁg?tjtg)s %[;RES] 1 AND DA ¢ Return to NORMAL mode
OperationStatus()[SDM] = 1 OR

PFAlert() bits set OR

PFStatus() bits set OR

SafetyAlert() bits set OR

[OLD], [OLDL], [SCC], [SCCL], [SCD], [SCDL]
set in SafetyStatus() @

@ DA Config[SLEEP] and SMBus low are not checked if the ManufacturerAccess() SLEEP mode command is used to enter
SLEEP mode.

@ Wwake on SMBus command is only possible when the gas gauge is put to sleep using the ManufacturerAccess() SLEEP mode
command. Otherwise, the gas gauge will wake on an SMBus connection (clock or data high).

6.2.1.1 Wake Function

The device can exit SLEEP mode, if enabled, by the presence of a voltage across SRP and SRN. The
level of the current signal needed is programmed in Power:Wake Current Reg.
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Low Byte RSVD RSVD RSVD RSVD RSVD IWAKE RSNS1 RSNSO
Reserved (Bits 7—3): Reserved, do not use.
IWAKE (Bit 2):
0 = 0.5A (Or if RSNSO0=RSNS1=0 then this function is disabled.)
1= 1.0A (Or if RSNS0=RSNS1=0 then this function is disabled.)
RSNS1 RSNSO Resistance
0 0 Disabled (default)
0 1 2.5 mQ
1 0 5 mQ
1 1 10 mQ
6.2.2 ManufacturerAccess() Sleep
The SLEEP MAC command will override the requirement for bus low to enter sleep. In this case, the part
clock and data high condition are ignored for sleep exit, though sleep will also exit if there is any further
SMBus communication. The device can be sent to sleep with ManufacturerAccess() if specific conditions
are met.
6.3 SHUTDOWN Mode
6.3.1 Voltage-Based Shutdown
The device can be configured to shutdown at a programmable stack voltage threshold to minimize power
consumption and avoid draining the battery. This function also works in PERMANENT FAILURE mode to
prevent polymer cell swelling.
Status Condition Action
Enable {\/Aci)rllt(acgi” Voltage in Voltages()) < Shutdown . OperationStatus([SDV]= 1
Activate ZA gﬁﬁ%g&%ﬂ\igﬁ;g: %It'asgﬁjt(c)j)os\%ngi_?;gus » The device disables everything and turns off.
. . ¢ OperationStatus()[SDV]= 0
Exit Voltage at PACK pin > Vgrartup « Return to NORMAL mode
6.3.2 ManufacturerAccess() Shutdown
In SHUTDOWN mode, the device shuts down to minimize power consumption, and the FETs are turned
off. The device will return to NORMAL mode when voltage at PACK pin > Vgrarue- The device can be sent
to this mode with the ManufacturerAccess() Shutdown command. Charger voltage must not be present for
the device to enter SHIP SHUTDOWN mode.
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7.1 Impedance Track Update

The bg30z554-R1 features the most advanced Impedance Track gauging algorithm v3.75, and is capable
of supporting a maximum battery pack capacity of 32 Ah. The algorithm estimates run time and capacity
by measuring individual cell voltages, pack voltage, temperature, and current.

To determine the battery state of charge, the gas gauge analyzes individual cell voltages when a time
exceeding 35 minutes has passed since the last charge or discharge activity of the battery. The device
measures charge and discharge activity by monitoring the voltage across a small-value series sense
resistor (10 mQ typ.) between the cell stack negative terminal and the negative terminal of the battery
pack. The battery state of charge is subsequently adjusted during load or charger application using the
integrated charge passed through the battery.

The Impedance Track algorithm v3.75 features the following (for more details on the latest features, see
Section 11.8):
» Cell balancing during relax (CBR)

« Ability to learn QMAX without a rest period following the end of discharge during the learn cycle
(FAST_QMAX_LRN)

» Compatible with LiFePO4 chemistries (LFP_RELAX)
» Greatly improved low temperature accuracy
» Greatly improved RSOC convergence to 0% at EDV (RSOC_CONV)
» Detailed status information is available via SBS for convenient debug and evaluation (no GG logging
necessary)
— DODO
— Qpassed
— Grid numbers
— Ra calculations
— Balance timers
e Option to apply low pass filter smoothing to RemCap and FCC (SMOOTH)
e Option to prevent RSOC jumps during discharge (RSOC_HOLD)

7.2 Impedance Track Configuration

Load Mode — During normal operation, the battery-impedance profile compensation of the Impedance
Track algorithm can provide more accurate full-charge and remaining state-of-charge information if
the typical load type is known. The two selectable options are constant current (Load Mode = 0)
and constant power (Load Mode = 1).

Load Select — In order to compensate for the | x R drop near the end of discharge, the bq30z554-R1
must be configured for whatever current (or power) will flow in the future. While it cannot be exactly
known, the bq30z554-R1 can use load history such as the average current of the present discharge
to make a sufficiently accurate prediction.

The bg30z554-R1 can be configured to use several methods of this prediction by setting the Load
Select value. Because this estimate has only a second-order effect on remaining capacity
accuracy, different measurement-based methods (methods 0—-3 and method 7) result in only minor
differences in accuracy. However, methods 4—-6, where an estimate is arbitrarily assigned by the
user, can result in significant error if a fixed estimate is far from the actual load.
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For highly variable loads, selection 7 will give the most conservative estimate and is preferable.

Constant Current (Load Mode = 0) Constant Power (Load Mode = 1)
0= Avg | Last Run Avg P Last Run
1 = Present average discharge current Present average discharge power
2 = Current Current x Voltage
3 = AverageCurrent AverageCurrent x average Voltage
4 = Design Capacity /5 Design Energy / 5
5 = AtRate (mA) AtRate (10 mW)
6 = User Rate-mA User Rate-mW
7 = Max Avg | Last Run (default) Max Avg P Last Run

Pulsed Load Compensation and Termination Voltage — In order to take into account pulsed loads
while calculating remaining capacity until Term Voltage threshold is reached, the bq30z554-R1
monitors not only average load but also short load spikes. The maximum voltage deviation during a
load spike is continuously updated during discharge and stored in Delta Voltage.

Reserve Battery Capacity — The bg30z554-R1 allows an amount of capacity to be reserved in either
mAh (Reserve Cap-mAh, Load Mode = 0) or 10 mWh (Reserve Cap-mWh, Load Mode = 1) units
between the point where the RemainingCapacity function reports zero capacity and the absolute
minimum pack voltage, Term Voltage. This enables a system to report zero energy, but still have
enough reserve energy to perform a controlled shutdown or to provide an extended sleep period for
the host system.

Also, if the [RESCAP] bit is set to 0, the reserve capacity is compensated at a no-load condition.
However, if the [RESCAP] bit is set to 1, then the reserve capacity is compensated at the present
discharge rate as selected by Load Select.

7.3 Gas Gauge Modes

Resistance updates take place only in DISCHARGE mode, while OCV and QMAX updates only take place
in RELAXATION mode. Entry and exit of each mode is controlled by data flash parameters in the subclass
Gas Gauging: Current Thresholds section. In RELAXATION mode or DISCHARGE mode, the DSG flag in
BatteryStatus is set.
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CHARGE mode is exited and RELAXATION mode is entered when Current goes below Quit Current for
a period of Chg Relax Time. DISCHARGE mode is entered when Current goes below (-)DSG Current
Threshold. DISCHARGE mode is exited and RELAXATION mode is entered when Current goes above
(—-)Quit Current threshold for a period of DSG Relax Time. CHARGE mode is entered when Current goes
above Chg Current Threshold.

pso [ 1 | o [ 1 | 1+ [ o | 1 ] ; |

Current A

Relax Mode Charge Mode Relax Mode Discharge Mode Charge Mode Discharge Mode Relax Mode

Quit Current  —|

(-)Quit Current —|

Figure 7-2. Gas Gauge Operating Mode Example

7.4  QMAX

The total battery capacity is found by comparing states of charge before and after applying the load with
the amount of charge passed. When an applications load is applied, the impedance of each cell is
measured by comparing the open circuit voltage (OCV) obtained from a predefined function for present
state of charge with the measured voltage under load.

Measurements of OCV and charge integration determine chemical state of charge and Chemical Capacity
(QMAX).

The bg30z554-R1 acquires and updates the battery-impedance profile during normal battery usage. It
uses this profile, along with state-of-charge and the QMAX values, to determine FullChargeCapacity and
RelativeStateOfCharge specifically for the present load and temperature. FullChargeCapacity reports a
capacity or energy available from a fully charged battery reduced by Reserve Cap-mAh or Reserve Cap-
mWh under the present load and present temperature until Voltage reaches the Term Voltage.

7.4.1 QMAX Initial Values

The initial QMAX Pack, QMAX Cell 0, QMAX Cell 1, QMAX Cell 2, and QMAX Cell 3 values should be
taken from the cell manufacturers' data sheet multiplied by the number of parallel cells, and are also used
for the DesignCapacity function value in the Design Capacity data flash value.

See the Theory and Implementation of Impedance Track Battery Fuel-Gauging Algorithm in bg20zxx
Product Family application report (SLUA364B) for further details.
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7.4.2 QMAX Update Conditions

The bg30z554-R1 updates the no-load full capacity (QMAX) when two open circuit voltage (OCV)
readings are taken. These OCV readings are taken when the battery is in a relaxed state before and after
charge or discharge activity. A relaxed state is achieved if the battery voltage has a dV/dt of < 4 pV/s.
Typically it takes 2 hours in a charged state and 5 hours in a discharged state to ensure that the dv/dt
condition is satisfied. If 5 hours is exceeded, a reading is taken even if the dV/dt condition was not
satisfied. A QMAX update is disqualified under the following conditions:

Temperature — If Temperature is outside of the range 10°C to 40°C.
Delta Capacity — If the capacity change between suitable battery rest periods is less than 37%.

Voltage — If CellVoltage4..1 is in the range of 3737 mV to 3800 mV for the default LION chemistry. (See
the Support of Multiple Li-lon Chemistries With Impedance Track Gas Gauges application note
(SLUA372) for the voltage ranges of other chemistries.)

Offset Error — If offset error accumulated during time passed from previous OCV reading exceeds 1% of
Design Capacity, update is disqualified. Offset error current is calculated as CC Deadband / sense
resistor value.

7.5 Cell Balancing

The gas gauge can determine the chemical state of charge of each cell using the Impedance Track
algorithm. The cell balancing algorithm used in the device decreases the differences in imbalanced cells in
a fully charged state gradually, which prevents fully charged cells from becoming overcharged, causing
excessive degradation. This increases overall pack energy by preventing premature charge termination.

The algorithm determines the amount of charge needed to fully charge each cell. There is a bypass FET
in parallel with each cell connected to the gas gauge. The FET is enabled for each cell with a charge
greater than the lowest charged cell to reduce charge current through those cells. Each FET is enabled for
a precalculated time as calculated by the cell balancing algorithm. When any bypass FET is turned on,
then the [CB] charging status flag is set; otherwise, the [CB] flag is cleared.

Cell balancing is active after a QMAX update has occurred with the FC bit set and OCV taken. This state
can be determined by the Update Status being set to OxOE.

The gas gauge supports both active cell balancing during charge and cell balancing at rest. If
Settings:System Configuration [CB] = 0, cell balancing active and at rest are disabled and all bypass
FETs stay OFF. The cell balancing at rest can be disabled individually by writing Settings: System
Configuration [CBR] = 0.

The cell balancing bypass time per mAh required for each cell is based on data flash setting. The bypass
time needed for each cell is calculated as:

Balance Time per mAh cell 0 = 3600 mAs/(Vg /RVCX + R,,) * DUTY/1000

Where: Vg, = average cell voltage (e.g., 3.7 V for most chemistry)

RVCx = resistor value in series to VCx input (e.g., 100 Q, based on the reference schematic)
R, = cell balancing FET Ry, which is 150 Q

DUTY = cell balancing duty cycle, which is 66% typ

Balance Time per mAh cell 1-3 = 3600 mAs/(Vg  /(2*RVCx + Rcb) * DUTY)/1000

Where:

Ve = average cell voltage (e.g., 3.7 V for most chemistry)

RVCx = resistor value in series to VCx input (e.g., 100 Q, based on the reference schematic)
R, = cell balancing FET Ry, Which is 150 Q

DUTY = cell balancing duty cycle, which is 66% typ
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7.6

The cell balancing at rest can be configured by configuring the data flash Min Start Balance Delta, Relax
Balance Interval, and Min RSOC for Balancing. For the data flash setting description, see

Section 11.4.10. The gas gauge balances cells by bypassing the energy. It is recommended to perform
cell balancing at rest when there is capacity in the battery pack.

TURBO Mode

By computing and reporting in TURBO mode, the device predicts the maximum power pulse the system
can deliver for approximately 10 ms. The information is a read on the SBS command 0x59,
TURBO_POWER. This will be a negative value in cW and is updated every 1 s.

The following SBS commands are used for this operation:

TURBO_POWER (0x59): read word

Reports maximal peak power value TURBO_POWER.

Units: cW

The gauge will compute a new TURBO_POWER every second.

Value is negative.

TURBO_POWER is initialized to present value of TURBO_POWER on reset or on power-up.
TURBO_FINAL (0x5A): read/write word

Sets DF.Min Turbo Power, which represents minimal TURBO-mode power level during active operation
(e.g., non-SLEEP) after all higher TURBO-mode levels are disabled (expected at the end of discharge).

Units: cW
Negative value is expected.
TURBO_PACK_R (0x5B): read/write word

Sets the battery pack serial resistance that includes FETSs, traces, sense resistors, etc. inside the battery
pack TURBO_PACK_R.

Units: mQ
TURBO_PACK_R is the actual data flash value DF.Pack Resistance.

Pack Resistance: Initial value of Pack Resistance. This can be measured once the circuit board on the
Pack side is developed, and an accurate method of measurement is completed to program into this
register.

This is a DF value used with the TURBO mode feature.
TURBO_SYS_R (0x5C): read/write word

Sets the system serial resistance along the path from battery to system power converter input that
includes FETSs, traces, sense resistors, etc., TURBO_SYS R.

Units: mQ
TURBO_SYS R is the actual data flash value DF.Pack Resistance.

System Resistance: Initial value of System Resistance. This can be measured once the circuit board on
the system side is developed, and an accurate method of measurement is completed to program into this
register.

This is a DF value used with the TURBO mode feature.

MIN_SYS_V (0x5D): read/write word

Sets the Minimal Voltage at system power converter input at which the system will still operate.
Units: mV
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MIN_SYS V is initialized to the data flash value of DF.Terminate Voltage. Write to this command will
overwrite the DF value. Intended use is to write it once on first use to adjust for possible changes in
system design from the time the battery pack was designed.

TURBO_CURRENT (0x5E): read word

The gauge computes a maximal discharge current supported by the cell in mA for a 10-ms pulse. This
value is updated every 1 s for the system to read.

Additionally, the following DF registers are programmed to set up the appropriate system level
requirements:

Units: mQ
Units: mQ
High Frequency Resistance:

NOTE: The High Frequency measurement is required for TURBO mode and for the parameter in the
data flash register called High Frequency Resistance under Turbo Configuration (see
Section 11.10.3).

» If the ID was released for this cell, obtain Rhf from the chemistry ID selection table. Divide the value by
the number of parallel cells used.

» If the chem. ID selection procedure is set up by the customer, the following procedure is required:
— Perform the selection test using relax-discharge-relax.
— Select the chem. ID using the mathcad tool.
— Perform at 4C, 10-ms pulse discharge test, and collect 1 ms or higher sampled data with
oscilloscope (see Figure 7-3).

0.0

|_before

7.5

V_before

= (@)
2 70 <
F g
5 =z
— -10
65 V_end_of_pulse
I_pulse
6.0 -15
0.01 0.02 0.03
Time (sec)
Figure 7-3. Rhf Resistance Reference Waveform
* Use the following formula to find the high-frequency resistance:
V_before — V_end of pulse
1000 x — — — Rsys — Rpack
) ) I before — I pulse
High Frequency Resistance = = -
N_serial
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Setup Procedure:

Discharge Current at C/4 rate

Pulse duration 10 ms with 4C Discharge

Pulse frequency 1 s

Sampling rate: 1 ms or higher

Voltage measurement performed at Load inputs (same point used earlier to find system resistance)
If an oscilloscope is not available to collect data, there is a 10-ms capable load, or the test is not
working:

— Send the cell to Tl to determine the OCV/relaxation test with HF sampling.

— Results will be used to obtain both chem. ID selection and Rhf value.

NOTE: See the bg30z554 TURBO Mode Application Report (SLUA663) for further details.
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Lifetime Data Collection

The device has extensive capabilities to log events over the life of the battery, which is useful for analysis.
The data is collected in RAM and only written in DF under the following conditions to avoid wear out of
flash:

Every 10 hours if RAM content is different from flash
In permanent fail, before data flash updates are disabled

A reset counter increments
Before scheduled shutdown
Before low voltage shutdown

The lifetime data stops collecting under the following conditions:

Total firmware runtime starts when lifetime data is enabled.

After permanent fail
Lifetime data collection is disabled

Voltage

— Max/Min Cell Voltage Each Cell

— Max Delta Voltage

Current

— Max Charge/Discharge Current

— Max Average Discharge Current

— Max Average Discharge Power
Safety Events (12 most common are tracked)
— Number of Safety Events

— Cycle Count at Last Safety Event(s)
Charging Events

— Number of Valid Charge Terminations
— Cycle Count at Last Charge Termination
Gauging Events

Number of QMAX updates

Cycle Count at Last QMAX update
Number of RA updates

Cycle Count at Last RA update
Power Events: Number of Resets

Cell Balancing

— Cell Balancing Time each Cell
Temperature

— Max/Min Cell Temp

— Delta Cell Temp

— Max/Min Int Temp Sensor
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— Max FET Temp
e Time
— Total runtime
— Time spent different temperature ranges
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9.1 Description

The device uses a SHA-1 one-way hash function for device authentication by the host system. UNSEAL
or FULL ACCESS modes are also protected using SHA-1 authentication.

9.2 SHA-1 Description

The SHA-1 is known as a one-way hash function, meaning there is no known mathematical method of
computing the input given, only the output. The specification of the SHA-1, as defined by FIPS 180-2,
states that the input consists of 512-bit blocks with a total input length less than 264 bits. Inputs that do
not conform to integer multiples of 512-bit blocks are padded before any block is input to the hash
function. The SHA-1 algorithm outputs 160 bits, commonly referred to as the digest.

(As of April 23, 2004 the latest revision is FIPS 180-2). SHA-1 or secure hash algorithm is used to
compute a condensed representation of a message or data also known as hash. For messages < 2% the
SHA-1 produces an 160-bit output called digest.

The device generates an SHA-1 input block of 288 bits (total input = 160 bit message + 128 bit key). To
complete the 512 bit block size requirement of the SHA-1, the device pads the key and message with a 1,
followed by 159 0s, followed by the 64 bit value for 288 (000...00100100000), which conforms to the pad
requirements specified by FIPS 180-2.

Detailed information about the SHA-1 algorithm can be found:
1. http://www.itl.nist.gov/fipspubs/fip180—1.htm

2. http://csrc.nist.gov/publications/fips

3. www.fags.org/rfcs/rfc3174.html

9.3 HMAC Description

The SHA-1 engine is used to calculate a modified HMAC value. Using a public message and a secret key,
the HMAC output is considered to be a secure fingerprint that authenticates the device used to generate
the HMAC.

To compute the HMAC, let H designate the SHA-1 hash function, M designate the message transmitted to
the device, and KD designate the unique 128-bit unseal/full access/authentication key of the device.
HMAC(M) is defined as:

H[KD || H(KD || M)], where || symbolizes an append operation

The message, M, is appended to the unseal/full access/authentication key, KD, and padded to become
the input to the SHA-1 hash. The output of this first calculation is then appended to the unseal/full
access/authentication key, KD, padded again, and cycled through the SHA-1 hash a second time. The
output is the HMAC digest value.

9.4 Authentication

1. Generate 160-bit message M using a random number generator that meets approved random number
generators described in FIPS PUB 140-2.

2. Generate SHA-1 input block B1 of 512 bytes (total input =128-bit authentication key KD + 160 bit
message M + 1 + 159 0s + 100100000).

3. Generate SHA-1 hash HMAC1 using B1.
4. Generate SHA-1 input block B2 of 512 bytes (total input =128-bit authentication key KD + 160 bit hash
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HMAC1 + 1 + 159 0s + 100100000).
Generate SHA-1 hash HMAC2 using B2.

With no active Manufacturerinput() data waiting, write 160-bit message M to Manufacturerlnput() in the
format OXAABBCCDDEEFFGGHHIIJJIKKLLMMNNOOPPQQRRSSTT, where AA is LSB.

Wait 250 ms, then read Manufacturerinput() for HMACS3.

Compare host HMAC2 with device HMAC3, it matches, both host and device have the same key KD
and device is authenticated.

9.5 Unseal/Full Access
1. Send Unseal (0x0031) or Full Access (0x0032) command to ManufacturerAccess().
2. Read 160-bit message M from Manufacturerinput() in the format
OxAABBCCDDEEFFGGHHIIJJKKLLMMNNOOPPQQRRSSTT, where AA is LSB.
3. Generate SHA-1 input block B1 of 512 bytes (total input =128-bit unseal/full access key KD + 160 bit
message M + 1 + 159 0s + 100100000).
4. Generate SHA-1 hash HMAC1 using B1.
5. Generate SHA-1 input block B2 of 512 bytes (total input =128-bit unseal/full access key KD + 160 bit
hash HMAC1 + 1 + 159 0s + 100100000).
6. Generate SHA-1 hash HMAC?2 using B2.
7. Write 160-bit hash HMAC2 to Manufacturerinput() in the format
0XxAABBCCDDEEFFGGHHIIJJKKLLMMNNOOPPQQRRSSTT, where AA is LSB.
8. Device compares hash HMAC?2 with internal calculated hash HMACS3. If it matches, device allows
UNSEALED/FULL ACCESS mode indicated with the OperationStatus()[SEC1],[SECO] flags.
54 Device Security SLUUA79-October 2013
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10.1 0x00 ManufacturerAccess()

The ManufacturerAccess() command has several functions depending on the data written to this
command.

10.1.1 0x0000 ManufacturerData
This command returns ManufacturerData() information.

Status Condition Action

Activate 0x0000 to ManufacturerAccess() « Output ManufacturerData() on ManufacturerData()

10.1.2 0x0001 Device Type
The device can be checked for the IC part number.

Status Condition Action

* Returns the IC part number on subsequent read on
Enable 0x0001 to ManufacturerAccess() ManufacturerData() in the following format: aaAA, where:

* aaAA: device type

10.1.3 0x0002 Firmware Version

The device can be checked for the firmware version of the IC.

Status Condition Action

* Returns the firmware revision on ManufacturerData() in the
following format: ddDDvvVVbbBBttzzZZRREE, where:

» ddDD: Device Number

* WVV: Version

Enable 0x0002 to ManufacturerAccess() » bbBB: build number

* tt: Firmware type

e zzZZ: Impedance Track Version
* RR: reserved

» EE: reserved

* Returns the firmware revision on ManufacturerData() in the
following format: ddDDvvVVbbBBttzzZZRREE, where:

Write following sequence within 4 + ddDD: Device Number
seconds; also works in SEALED mode: * WVV: Version
Enable 1. Block write to 0x22 with block size 62 » bbBB: build number

2. Block write to 0x20 with block size 62 e tt: Firmware type

3. Block write to 0x22 with block size 62 * zzZZ: Impedance Track Version
* RR: reserved

* EE: reserved

SLUUA79-0October 2013 SBS Commands 55
Submit Documentation Feedback

Copyright © 2013, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUUA79

13 TEXAS

INSTRUMENTS
0x00 ManufacturerAccess() www.ti.com
10.1.4 0x0003 Hardware Version

The device can be checked for the hardware version of the IC.
Status Condition Action
Enable 0x0003 to ManufacturerAccess() » Returns the hardware revision on subsequent read on
ManufacturerData()
10.1.5 0x0004 Instruction Flash Checksum
The device can return the instruction flash checksum.
Status Condition Action
Enable 0x0004 to ManufacturerAccess() * Returns the IF checksum on subsequent read on
ManufacturerData() after a wait time of 250 ms

10.1.6 0x0005 Data Flash Checksum
The device can return the data flash checksum.

Status Condition Action

* Returns the DF checksum on subsequent read on

ManufacturerData() after a wait time of 250 ms. Only static
Enable 0x0005 to ManufacturerAccess() DF items are included in the checksum. No items modified
by the device or items that are different device to device are
included.

10.1.7 0x0006 Chemical ID

This command returns the chemical ID of the OCV tables used in the gauging algorithm.

Status Condition Action

Enable 0x0006 to ManufacturerAccess() » Returns the chemical ID on subsequent read on
ManufacturerData()

10.1.8 0x0010 Shutdown Mode

The device can be sent to SHUTDOWN mode before shipping to reduce power consumption to a
minimum. The device will wake up when a voltage is applied to PACK.

Status Condition Action
Normal OperationStatus()[SH] = 0
Enable 0x0010 to ManufacturerAccess; when - OperationStatus()[SD] = 1

sealed, two times in a row

* FETs are turned off after Power:Shutdown time. Device will

] NR] = 1 AND Current() = 0 AND enter SHUTDOWN mode after another passage of

Trip {/olt!age on PACK = 0 0 Power:Shutdown time. (i.e. 2x of the Shutdown time after
the command is set and 1x of the Shutdown time after the

FETs are off.)

Trip Delay after command is sent > » No charging or discharging is allowed; device is shut down.
Power:Shutdown Time

10.1.9 0x0011 SLEEP Mode

The device can be sent to sleep with ManufacturerAccess() if the sleep conditions are met.
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Status Condition Action
Enable 0x0011 to ManufacturerAccess() OperationStatus()[SLEEPM] = 1
Turn off CHG FET, DSG FET, PCHG FET
Settings:System Device goes to sleep
Activate Configuration[NR] = 0 AND Device wakes up every Power:Sleep Voltage Time period
OperatlonStatus()[P.RIIES] =0 AND to measure voltage and temperature
|Current()] < Power:Sleep Current Device wakes up every Power:Sleep Current Time period
to measure current
Turn off DSG FET, PCHG FET
Turn off CHG FET if Settings:System
. Configuration[SLEEPCHG] =0
Settings:System . |
Activate Configuration:System[NR] = 1 AND Device goes to sleep
[Current()] < Power:Sleep Current Device wakes up every Power:Sleep Voltage Time period
to measure voltage and temperature
Device wakes up every Power:Sleep Current Time period
to measure current
Exit Settings:System Configuration[NR] = OperationStatus()[SLEEPM] = 0
0 AND OperationStatus()[PRES] = 1 Return to NORMAL mode
Exit |Current()| > Power:Sleep Current OperationStatus()[SLEEPM] = 0
Return to NORMAL mode
Exit Wake Comparator trips OperationStatus([SLEEPM] = 0
Return to NORMAL mode
Exit SafetyAlert() flag or PFAlert() flag set OperationStatus([SLEEPM] = 0
Return to NORMAL mode

10.1.10 0x0012 Device Reset
This command resets the device.

Status

Condition

Action

Enable

0x0012 to ManufacturerAccess()

* Reset the device

10.1.11 0x001D Fuse Toggle
This command activates/deactivates FUSE pin for ease of manufacturing testing.

Status Condition Action

Disable OperationStatus()[FUSE] = 1 AND » OperationStatus()[FUSE] = 0
0x001D to ManufacturerAccess() + FUSE pin drive low

Enable OperationStatus()[FUSE] = 0 AND » OperationStatus()[FUSE] = 1
0x001D to ManufacturerAccess() « FUSE pin drive high

10.1.12 0Ox001E PRE-CHG FET

This command turns on/off Pre-CHG (PCHG) FET drive function to ease testing during manufacturing.

Status Condition Action

Disable ManufacturingStatus()[FET][PCHG] = 0,1 » ManufacturingStatus()[FET][PCHG] = 0,0
AND 0x001E to ManufacturerAccess() « precharge function defined with PCHG1,PCHGO turns off
ManufacturingStatus()[FET][PCHG] = 0,0 » ManufacturingStatus()[FET][PCHG] = 0,1

Enable ) - ]
AND 0x001E to ManufacturerAccess() « precharge function defined with PCHG1,PCHGO turns on
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10.1.13 O0x001F CHG FET

This command turns on/off CHG FET drive function to ease testing during manufacturing.

Status Condition Action

Disable ManufacturingStatus()[FET][CHG] = 0,1 ManufacturingStatus()[FET][CHG] = 0,0
AND 0x001F to ManufacturerAccess() CHG EET turns off

Enable ManufacturingStatus()[FET][CHG] = 0,0 ManufacturingStatus()[FET][CHG] = 0,1
AND 0x001F to ManufacturerAccess() CHG FET turns on

10.1.14 0x0020 DSG FET
This command turns on/off DSG FET drive function to ease testing during manufacturing.

Status Condition Action

Disable ManufacturingStatus()[FET][DSG] = 0,1 ManufacturingStatus()[FET][DSG] = 0,0
AND 0x0020 to ManufacturerAccess() DSG FET turns off

Enable ManufacturingStatus()[FET][DSG] = 0,0 ManufacturingStatus()[FET][DSG] = 0,1
AND 0x0020 to ManufacturerAccess() DSG EET turns on

10.1.15 0x0021 Gauging
This command enables/disables the gauging function to ease testing during manufacturing.

Status Condition Action
. ManufacturingStatus()[Gauge] = 1 AND * ManufacturingStatus()[Gauge] = 0
Disable
0x0021 to ManufacturerAccess() « Disable gauging feature
Enable ManufacturingStatus()[Gauge] = 0 AND » ManufacturingStatus()[Gauge] = 1

0x0021 to ManufacturerAccess() « Enable gauging feature

10.1.16 ManufacturerAccess() 0x0022 FET Control
This command enables/disables control of the CHG, DSG, and PCHG FET by the firmware.

Status Condition Action

ManufacturingStatus()[FET] = 1 AND * ManufacturingStatus()[FET] = 0

Disable 0x0022 to ManufacturerAccess() . SES DSG and PCHG FET are disabled and remain
| ManufacturingStatus()[FET] = 0 AND * ManufacturingStatus([FET] = 1
Enable ¢ CHG, DSG and PCHG FET are controlled by the

0x0022 to ManufacturerAccess()

firmware.

10.1.16.1 ManufacturerAccess() Manual FET Control

The ManufacturerAccess() SBS command can enter and execute Manual FET Control, which enables
outputs from the bq30z554-R1 device go into a state to turn off the external PCHG, CHG, and DSG FETs,
which are associated with power delivery and protection in the system. This allows the safe removal of the
internal battery, and auto-recovery once a battery is re-inserted. This is very similar to MAC 0x22
command, but is available when sealed.

To enter and execute Manual FET Control with the ManufacturerAccess() SBS command, do the
following:

SLUUA79-0October 2013
Submit Documentation Feedback

58 SBS Commands

Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUUA79

13 TEXAS
INSTRUMENTS

www.ti.com 0x00 ManufacturerAccess()

NOTE: The following two commands and data information must be sent in consecutive order for

correct execution of this feature, and must be written within a specified time limit (typically
less than 4seconds).

(&) Write SBS command 0x00. Send Data code 0x270C. This arms the feature for FET control of PCHG,
CHG, and DSG.

(b) Write SBS command 0x00. Send Data code 0x043D. This disables the FET outputs PCHG, CHG, and
DSG.

The assigned Data Flash register, Manual FET Control Delay, sets a delay time before the FETs are
turned OFF (user-programmable).

To exit Manual FET Control, one of the following must occur:

(a) The gas gauge detects a battery insertion (by detecting the edge trigger on the PRES pin).
(b) Sending an SBS command as follows: Write 0x00 and data code 0x23A7.
(c) Pressing the Shutdown button to enable the FETSs to turn back ON.

NOTE: MFC Delay Time is in seconds (max value = 255 seconds, default = 60 seconds). Once the
MFC command is issued, the gas gauge waits for MFC Delay Time before it turns off the
FETs. If this value is set to 0, then the action is immediate (no delay).

The following graphic shows how to enable the FET turn OFF.

SYSTEM BMU

Write Command: 0x00

Data: Code (0x270C) to enable MFC Mode (turn OFF PCHG, CHG
and DSG FETs)

T

Write Command: 0x00
] —Data_ Code (0x043D) to enable MFC Mo
and DSGWFE'TS}"rw,,,,,,,%%rr7

OFF PCHG, CHG

Time Limit <4 s

Write Command: 0x54 (Read OperationalStatus)

Data: Block read of OperationalStatus Reg (bit 29 OFF, 0 = FETs ON
and 1 = FETs OFF)

The data read back from the gas gauge notifies the system of the status of the enabling process.

Table 10-1. Enabling with the following Settings: MFC Delay Time =0s

Time(s) Action
0 System writes SMB: Cmd = 0x00, Data = 0x270C
1
2
3(W) gystem_ writes SMB: (_:md =_Ox00, Data_: 0x043D. The gas gauge turns off both FETs AND the
perationStatus register Bit 29 [OFF] is set.

@ sShows that the gas gauge turns off the FETs in much less than 1 second.
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Table 10-2. Enabling with the following Settings: MFC Delay Time =10 s
Time(s) Action
0 System writes SMB: Cmd = 0x00, Data = 0x270C
1
2
3 System writes SMB: Cmd = 0x00, Data = 0x043D
4
5 System reads cmd 0x54, The gas gauge returns Block data = OperationStatus (Bit 29 OFF = 0)
6 System reads cmd 0
7
8
12
13 The gas gauge turns off both FETs (a 10-s delay time was reached since the MFC command was
issued).
14 System Reads cmd 0x54, the gas gauge returns Block data = OperationStatus (Bit 29 [EMSHUT] = 1,
FETs has been turned off).

To exit Manual FET Control Mode, use one of following procedures (required):

1. When [NR] = 0, normal FET control is restored when SYS_PRES transitions into the CONNECTED
state.

2. When [NR] = 1 AND [OFF] = 1, normal FET control can be restored by pressing the Shutdown button.
This allows disabling the FETs via the SMBus, and turns them back on via the Shutdown button. Or
the user can disable the FETs via the Shutdown button and turn them back on via the SMBus. The
features will work together as an OR function to enable/disable the FETSs.

3. Sending an SBS command as follows: Write 0x00 and data code 0x23A7.

NOTE: In the event the CHG FET is turned OFF due to fully charged capacity, the user can press
the Shutdown button OR a MAC command can initiate a manual shutdown. The PCHG,
CHG, and DSG FETs are turned OFF; however, once any of the criteria to exit the Manual
FET Control mode has begun OR if the emergency Shutdown button is pressed to exit,
shutdown is initiated and the CHG and DSG FETSs are turned ON. After a delay, the gas
gauge reverts back to normal conditions so that it may turn OFF the CHG FET if the
appropriate conditions are satisfied: for example, a fully charged pack with the AC adapter
connected OR a COV condition or similar conditions that ensured that the CHG FET was
OFF prior to when the emergency shutdown or Manual FET Control was invoked.

10.1.17 ManufacturerAccess() 0x0023 Lifetime Data Collection
This command enables/disables Lifetime data collection for ease of manufacturing.

Status Condition Action

ManufacturingStatus()[LF] = 1 AND 0x0023 * ManufacturingStatus()[LF] = 0

Disable
to ManufacturerAccess() « Lifetime Data collection feature disabled

ManufacturingStatus()[LF] = 0 AND 0x0023 * ManufacturingStatus()[LF] = 1

Enable o :
to ManufacturerAccess() « Lifetime Data collection feature enabled

10.1.18 ManufacturerAccess() 0x0024 Permanent Failure

This command enables/disables Permanent Failure for ease of manufacturing.
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Status Condition Action
) ManufacturingStatus()[PF] = 1 AND 0x0024 ManufacturingStatus()[PF] = 0
Disable ; .
to ManufacturerAccess() Permanent Failure feature disabled
Enable ManufacturingStatus()[PF] = 0 AND 0x0024 ManufacturingStatus()[PF] = 1
to ManufacturerAccess() Permanent Failure feature enabled

10.1.19 ManufacturerAccess() 0x0025 Black Box Recorder
This command enables/disables Black Box Recorder function for ease of manufacturing.

Status Condition Action

Disable ManufacturingStatus()[BBR] = 1 AND ManufacturingStatus()[BBR] = 0
0x0025 to ManufacturerAccess() Black Box Recorder feature is disabled.
ManufacturingStatus()[BBR] = 0 AND ManufacturingStatus()[BBR] = 1

Enable )
0x0025 to ManufacturerAccess() Black Box Recorder feature is enabled.

10.1.20 ManufacturerAccess() 0x0026 Fuse
This command enables/disables firmware fuse toggle function for ease of manufacturing.

Status Condition Action
) ManufacturingStatus()[FUSE] = 1 AND ManufacturingStatus()[FUSE] = 0
Disable
0x0026 to ManufacturerAccess() FUSE pin action is disabled.
Enable ManufacturingStatus()[FUSE] = 0 AND ManufacturingStatus()[FUSE] = 1
0x0026 to ManufacturerAccess() FUSE pin action is enabled.

10.1.21 ManufacturerAccess() 0x0028 Lifetime Data Reset
This command resets Lifetime data in the data flash for ease of manufacturing.

Status

Condition

Action

Reset

0x0028 to ManufacturerAccess()

¢ Clear Lifetime Data in DF

10.1.22 ManufacturerAccess() 0x0029 Permanent Fail Data Reset
This command resets PF data in the data flash for ease of manufacturing.

Status

Condition

Action

Reset

0x0029 to ManufacturerAccess()

¢ Clear PF Data in DF

10.1.23 ManufacturerAccess() 0x002A Black Box Recorder Reset
This command resets the Black Box Recorder data in the data flash for ease of manufacturing.

Status

Condition

Action

Reset

0x002A to ManufacturerAccess()

» Clear Black Box Recorder data in DF

10.1.24 ManufacturerAccess() 0x002D CAL Mode
This command enables output of the raw ADC and CC data on ManufacturerData().

SLUUA79-October 2013

Submit Documentation Feedback

SBS Commands

Copyright © 2013, Texas Instruments Incorporated

61


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUUA79

0x00 ManufacturerAccess()

13 TEXAS
INSTRUMENTS

www.ti.com

Status Condition Action
Disable ManufacturingStatus()[CAL] = 1 AND : M.anufacturlngStatus()[CAL] =0
0x002D to ManufacturerAccess() + Disable output of ADC and CC raw data on
ManufacturingData()
» ManufacturingStatus()[CAL] = 1
Enable ManufacturingStatus()[CAL] = 0 AND « Enable output of ADC and CC raw data on
0x002D to ManufacturerAccess() ManufacturingData(), controllable with 0xF081 and
0xF082 on ManufacturerAccess()

10.1.25 ManufacturerAccess() 0x0030 Seal Device
This command seals the device for the field, disabling certain SBS commands and access to DF.

Status Condition Action
cealed OperationStatus([SEC1,SEC0] = 0,1 or 1,0 | ° OperationStatus([SEC1,SECO] = 1.1
AND 0x0030 to ManufacturerAccess() + Certain SBS Commands not available; see SBS
table for details.

10.1.26 ManufacturerAccess() 0x0031 UnSeal Device
This command unseals the device after valid SHA-1 authentication.

Status Condition Action
¢ OperationStatus()[AUTH] = 1
" OperationStatus()[SEC1,SECO] = 1,1 AND » 160-bit random number message available at
Initiate A ' Manufacturerinput() in the format
0x0031 to ManufacturerAccess() p!
O0XAABBCCDDEEFFGGHHIIJJKKLLMMNNOOPPQ
QRRSSTTT, where AA is LSB.
Cprrect 160-bit HMAC digest computgd + OperationStatus()[SEC1,SECO0] = 0,1
with random number + Unseal Key written « OperationStatus(JAUTH] = 0
Unseal to Manufacturerinput() in the format P ” B )
OXAABBCCDDEEFEGGHHIIJIKKLLMMNN « device unsealed after 250 ms, for available SBS
OOPP, where AA is LSB. commands in UNSEAL mode see SBS table.
« Wait time 250 ms
. Incorrect 160-bit hash written to .
Invalid Manufacturerinput() « OperationStatus()[SEC1,SECO0] = 0,0
« OperationStatus()[AUTH] =0

10.1.27 ManufacturerAccess() 0x0032 Full Access Device

This command enables Full Access to the device after valid SHA-1 authentication.

Status Condition Action
¢ OperationStatus()[AUTH] = 1
» OperationStatus()[SEC1,SECO] = 1,1 or 1,0 » 160-bit random number message available at
Initiate AND 0x0032 to ManufacturerAccess() Manufacturerinput() n the format
O0XAABBCCDDEEFFGGHHIIJJKKLLMMNNOOPPQ
QRRSSTTT, where AA is LSB.
Correct 160-bit HMAC digest computed * OperationStatus()[SEC1,SEC0] = 1,1
with random number + Full Access Key + OperationStatus()[AUTH] = 0
Full Access written to Manufacturerinput() in the format « device enables full access after 250 ms. for
OxAABBCCDDEEFFGGHHIIJJKKLLMMNN available SBS commands in FULL ACCESS mode
OOPP, where AA is LSB. see SBS table.
« Wait time 250 ms
. Incorrect 160-bit hash written to .
Invalid Manufacturerinput() «+ OperationStatus()[SEC1,SECO0] = 0,0
¢ OperationStatus()[AUTH] =0

62 SBS Commands

SLUUA79-0October 2013
Submit Documentation Feedback

Copyright © 2013, Texas Instruments Incorporated



http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUUA79

13 TEXAS
INSTRUMENTS

www.ti.com

0x00 ManufacturerAccess()

10.1.28 ManufacturerAccess() 0x0033 ROM Mode
This command enables the ROM mode for IF update.

Status Condition Action
ROM Mode OperationStatus()[SEC1,SECO] = 1,0 AND « Device goes to ROM mode ready for update, use
0x0033 to ManufacturerAccess() 0x08 to ManufacturerAccess() to return.

10.1.29 ManufacturerAccess() 0x0035 Unseal Key
This command enters a new Unseal key into the device.

Status Condition Action
* OperationStatus()[AUTH] = 1
initiate OperationStatus()[SEC1,SECO0] = 1,0 AND * 160-hit random number message available at
0x0035 to ManufacturerAccess() Manufacturerinput() in the format
OXxAABBCCDDEEFFGGHHIIJJKKLLMMNNOOPPQ
QRRSSTTT, where AA is LSB.
* Wait time 250 ms
) ) « OperationStatus()[AUTH] =0
Correct 128-bit Key written to « device returns 160-bit digest at Manufacturerinput()
Enter Key Manufacturerlnput() in the format in the format
OXAABBChCDDEE.FFGGHH”JJKK'-'-'V”V'NN 0XAABBCCDDEEFFGGHHIIJJKKLLMMNNOOPPQ
OOPP, where AAis LSB. QRRSSTTT, where AA is LSB. Digest was
calculated using the random number + key.
compare with own calculations check validity of key.

10.1.30 ManufacturerAccess() 0x0036 Full Access Key
This command enters a new Full Access key into the device.

Status Condition Action
tiate OperationStatus([SEC1,SEC0] = 1,0 AND | *© OPerationStatus([AUTH] = 1
0x0036 to ManufacturerAccess() + 160-bit random number available at
Manufacturerinput()
* Wait time 250 ms
) ) » OperationStatus()[AUTH] =0
Correct 128-hit Key written to * device returns 160-bit digest at Manufacturerinput()
Enter Key Manufacturerlnput() in the format in the format
OXAF/fF‘?BChCDDAEAE'.:FEGBHH"JJKK'-'-'V'MNN OXAABBCCDDEEFFGGHHIIJJKKLLMMNNOOPPQ
OOPP, where AA is LSB. QRRSSTTT, where AA is LSB. Digest was
calculated using the random number + key. compare
with own calculations check validity of key.

10.1.31 ManufacturerAccess() 0x0037 Authentication Key
This command enters a new authentication key into the device.

Status Condition Action
" OperationStatus([SECL,SECO] = 1,0 AND | ° OperationStatus([AUTH] = 1
Initiate 0x0037 to ManufacturerAccess() + 160-bit random number available at
Manufacturerinput()
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0x00 ManufacturerAccess() www.ti.com
Status Condition Action
¢ Wait time 250 ms
¢ OperationStatus()[AUTH] =0
Correct 128-bit Key written to * device returns 160-bit HMAC digest at
Manufacturerinput() in the format Manufacturerinput() in the format
Enter Key OXAABBCCDDEEFFGGHHIIJIJKKLLMMNN O0XxAABBCCDDEEFFGGHHIIJJKKLLMMNNOOPPQ
OOPP, where AA is LSB. QRRSSTTT, where AA is LSB. The HMAC digest
was calculated using the random number + key.
« Compare with own calculations check validity of
key.

10.1.32 ManufacturerAccess() 0x0050 SafetyAlert

This command returns the SafetyAlert() flags on ManufacturerData().

Status Condition Action

Activate 0x0050 to ManufacturerAccess() - Output SafetyAlert() flags on ManufacturerData()

10.1.33 ManufacturerAccess() 0x0051 SafetyStatus
This command returns the SafetyStatus() flags on ManufacturerData().

Status Condition Action
Activate 0x0051 to ManufacturerAccess() « Output SafetyStatus() flags on
ManufacturerData()
10.1.34 ManufacturerAccess() 0x0052 PFAlert
This command returns the PFAlert() flags on ManufacturerData().
Status Condition Action
Activate 0x0052 to ManufacturerAccess()  Output PFAlert() flags on ManufacturerData()

10.1.35 ManufacturerAccess() 0x0053 PFStatus

This command returns the PFStatus() flags on ManufacturerData().

Status Condition Action

Activate 0x0053 to ManufacturerAccess() + Output PFStatus() flags on ManufacturerDatay()

10.1.36 ManufacturerAccess() 0x0054 OperationStatus
This command returns the OperationStatus() flags on ManufacturerData().

Status Condition Action
Activate 0x0054 to ManufacturerAccess() * Output OperationStatus() flags on
ManufacturerData()

10.1.37 ManufacturerAccess() 0x0055 ChargingStatus

This command returns the ChargingStatus() flags on ManufacturerData().
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www.ti.com 0x00 ManufacturerAccess()
Status Condition Action
Activate 0x0055 to ManufacturerAccess() * Output ChargingStatus() flags on
ManufacturerData()

10.1.38 ManufacturerAccess() 0x0056 GaugingStatus
This command returns the GaugingStatus() flags on ManufacturerData().

Status Condition Action

» Output GaugingStatus() flags on

Activate 0x0056 to ManufacturerAccess() ManufacturerData()

10.1.39 ManufacturerAccess() 0x0057 ManufacturingStatus
This command returns the ManufacturingStatus() flags on ManufacturerData().

Status Condition Action
Activate 0x0057 to ManufacturerAccess() « Output ManufacturingStatus() flags on
ManufacturerData()

10.1.40 ManufacturerAccess() 0x0058 AFE Register
This command returns the AFERegister() values on ManufacturerData().

Status Condition Action
Activate 0x0058 to ManufacturerAccess() * Output AFERegister() values on
ManufacturerData()

10.1.41 ManufacturerAccess() 0x0059 TURBO_POWER
This command returns the TURBO_POWERRegister() values on ManufacturerData().

Status Condition Action
Activate 0x0059 to ManufacturerAccess() * Output TURBO_POWERREegister() values on
ManufacturerData()

10.1.42 ManufacturerAccess() 0x0O05A TURBO_FINAL
This command returns the TURBO_FINALRegister() values on ManufacturerDatay().

Status Condition Action

* Represents minimal Turbo-mode power level
during active OperationRegister(). A Write to
this command overwrites the DF value
ManufacturerData()

Activate 0x005A to ManufacturerAccess()

10.1.43 ManufacturerAccess() 0x005B TURBO_ PACK_R
This command returns the TURBO_PACK_RRegister() values on ManufacturerData().

Status Condition Action

) « Sets the battery pack serial
Activate 0x005B to ManufacturerAccess() ResistanceRegister(). A Write to this command
overwrites the DF value ManufacturerData()
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10.1.44 ManufacturerAccess() 0x005C TURBO_SYS_R
This command returns the TURBO_SYS_RRegister() values on ManufacturerDatay).

Status Condition Action
] ¢ Sets the system serial ResistanceRegister(). A
Activate 0x005C to ManufacturerAccess() Write to this command overwrites the DF value
ManufacturerData()

10.1.45 ManufacturerAccess() 0x005D MIN_SYS_V

This command returns the MMIN_SYS_VRegister() values on ManufacturerData().

Status Condition Action

« Sets the Minimal Voltage at the System Power
Converter Input for OperationRegister(). A
Write to this command overwrites the DF value
ManufacturerData()

Activate 0x005D to ManufacturerAccess()

10.1.46 ManufacturerAccess() 0OxO0O5E TURBO_ CURRENT
This command returns the MIN_SYS_RRegister() values on ManufacturerData().

Status Condition Action
Activate 0X005E to ManufacturerAccess() * Output TURBO_CURRENTRegister() values on
ManufacturerData()

10.1.47 ManufacturerAccess() 0x0060 Lifetime Data Block 1
This command returns the Lifetime data on ManufacturerData().

Status Condition Action
Activate 0x0060 to ManufacturerAccess() « Output 32 bytes of lifetime data values on
ManufacturerData()

10.1.48 ManufacturerAccess() 0x0061 Lifetime Data Block 2

This command returns the Lifetime data on ManufacturerData().

Status Condition Action
Activate 0x0061 to ManufacturerAccess() * Output 27 bytes of lifetime data values on
ManufacturerData()
10.1.49 ManufacturerAccess() 0x0062 Lifetime Data Block 3
This command returns the Lifetime data on ManufacturerData().
Status Condition Action
Activate 0x0062 to ManufacturerAccess() * Output 12 bytes of lifetime data values on
ManufacturerData()
10.1.50 ManufacturerAccess() 0x0070 Manufacturerinfo
This command returns Manufacturerinfo on ManufacturerData().
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www.ti.com 0x00 ManufacturerAccess()
Status Condition Action
Activate 0x0070 to ManufacturerAccess() + Output 32 bytes of Manufacturerinfo on
ManufacturerData()

10.1.51 ManufacturerAccess() 0x0071 Voltages
This command returns the CellVoltages, PackVoltage, and BatVoltage on ManufacturerData().

Status Condition Action
Activate 0x0071 to ManufacturerAccess() + Output 12 bytes of voltage data values on
ManufacturerData()

10.1.52 ManufacturerAccess() 0x0072 Temperatures
This command returns the internal temp sensor, TS1, TS2, TS3, TS4, CellTemp, and FETTemp on

ManufacturerData().
Status Condition Action
Activate 0x0072 to ManufacturerAccess() « Output 14 bytes of temperature data values on
ManufacturerData()

10.1.53 ManufacturerAccess() 0x0073 ITSTATUS1
This command instructs the device to return Impedance Track related gauging information on

ManufacturerData().
Status Condition Action
Activate 0x0073 to ManufacturerAccess() « Output 30 bytes of IT data values on
ManufacturerData()

10.1.54 ManufacturerAccess() 0x0074 ITSTATUS2
This command instructs the device to return Impedance Track related gauging information on

ManufacturerData().
Status Condition Action
Activate 0x0074 to ManufacturerAccess() + Output 10 bytes of IT data values on
ManufacturerData()

10.1.55 ManufacturerAccess() 0x270C MANUAL FET CONTROL
This command instructs the device to initiate Manual FET Control ManufacturerData().

Status Condition Action
Activate 0x270C to ManufacturerAccess() * Initiates Manual FET Control
ManufacturerData()

10.1.56 ManufacturerAccess() OxF080 Exit Calibration Output Mode
This command returns the data acquisition to NORMAL mode.
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Status Condition Action
Activate ManufacturerData()[CAL] = 1 AND O0xF080 « Stops output of ADC or CC data on ManufacturerData()
to ManufacturerAccess() and return to NORMAL DATA ACQUISITION mode

10.1.57 ManufacturerAccess() 0xF081 Output CC and ADC for Calibration

This command lets the device output the raw values of coulomb counter, CellVoltagel, CellVoltage2,
Cellvoltage3, CellVoltage4, TS1, TS2, TS3, TS4, Tint, PACK, and BAT as block on ManufacturerData()
with updates every 250 ms for calibration purposes.

The format of each value is 2's complement, MSB first.

Status Condition Action
* ManufacturingStatus()[CAL] =0
Disable ManufacturingStatus()[CAL] = 1 AND - Stops output of ADC and CC data on
0xF080 to ManufacturerAccess() ManufacturerData() and return to NORMAL DATA

ACQUISITION mode

* ManufacturingStatus()[CAL] = 1

e Outputs the raw CC and AD values on
ManufacturerData() in the format of
ZZYYaaAAbbBBccCCddDDeeEEffFFggGGhhHHiilljjdJk
KKKIILL, where:

—  ZZ: rolling 8-bit counter, increments when values
are refreshed.

— YY: status, 1 when MAC() = OxF081, 2 when
MAC()=0xF082

— AAaa: coulomb counter
— BBaa: CellVoltagel
— CcCaa: CellVoltage2
— DDaa: CellVoltage3
— EEee: CellVoltage4
—  FFff: Tint

— GGgg: TS1

— HHhh: TS2

— NiTS3

- jjTS4

—  KKKkk: PackVoltage
— LLI: BatVoltage

Enable 0xF081 to ManufacturerAccess()

10.1.58 ManufacturerAccess() 0xF082 Output shorted CC AND ADC Offset for Calibration
This command enables the device to output the raw CC value on ManufacturerData().
The format of each value is 2's complement, MSB first.

Status Condition Action

¢ ManufacturingStatus()[CAL] = 0

Disable ManufacturingStatus()[CAL] = 1 AND « Stops output of ADC and CC data on

0xF080 to ManufacturerAccess() ManufacturerData() and return to NORMAL DATA
ACQUISITION mode
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0x01 RemainingCapacityAlarm()

Status

Condition

Action

Enable

0xF082 to ManufacturerAccess()

ManufacturingStatus()[CAL] = 1

Outputs the raw CC and AD values on
ManufacturerData() in the format of
ZZYYaaAAbbBBccCCddDDeeEEfFFggGGhhHHiilljjdJk
KKKIILL, where:

ZZ: rolling 8-bit counter, increments when values are
refreshed.

YY: status, 1 when MAC() = 0xF081, 2 when
MAC()=0xF082

AAaa: coulomb counter
BBaa: CellVoltagel
CCaa: CellVoltage2
DDaa: CellVoltage3
EEee: CellVoltage4
FFff: Tint

GGgg: TS1

HHhh: TS2

I1ii TS3

JJjj: TS4

KKKkk: PackVoltage
LLII: BatVoltage

10.1.59 ManufacturerAccess() 0xOlyy DF Access Row Address

This command sets the DF row with address yy on Manufacturerinfo() for immediate read/write on

Manufacturinginfo().

Status Condition Action
. Prepare DF 32-byte row with address yy on
Activate 0x01yy to ManufacturerAccess() Manufacturerinfo() for block read or write.

10.2 0x01 RemainingCapacityAlarm()

This read/write word function sets a low capacity alarm threshold.

SBS Access Proto- . .

Name Type Min Max Unit Note
Cmd SE ‘ us | EA col yp

n . mAh BatteryMode()[CAPM] = 0
oxo1 | RemainingCapacity RIW word | U2 65535 | 10

Alarm() mwh | BatteryMode([CAPM] = 1

10.3 0x02 RemainingTimeAlarm()

SBS Access ) .

Name Protocol Min Max Unit Note
Cmd SE | us | FA
oxoz | RemainingTime RIW Word 0 65535 min

Alarm()

10.4 0x03 BatteryMode()
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SBS
Cmd

Name

Access

Proto-

SE\US\FA

col

Type

Min

Max

Note

0x03

BatteryMode()

R/W

Word

H2

0x0000

OXFFFF

Bit 0: ICC—Internal Charge
Controller (R)

0 = Function not supported

Bit 1: PBC—Primary Battery Support
(R)

1 = Primary or Secondary Battery
Support

Bit 2: Reserved

Bit 3: Reserved

Bit 4: Reserved

Bit 5: Reserved

Bit 6: Reserved

Bit 7: CF—Condition Flag

0 = Battery OK

1 = Conditioning cycle requested
Bit 8: CCE—Charge Controller
Enabled (R/W)

0 = Internal charge controller
disabled

0x03

BatteryMode()

RIW

Word

H2

0x0000

OXFFFF

Bit 9: PB—Primary Battery (R/W)

0 = Battery operating in its secondary
role (default)

1 = Battery operating in its primary
role

Bit 10: Reserved

Bit 11: Reserved

Bit 12: Reserved

Bit 13: AM—Alarm Mode (R/W)

0 = Enable Alarm Warning
broadcasts to host and smart battery
charger

1 = Disable Alarm Warning
broadcasts to host and smart battery
charger

Bit 14: CHGM—Charger Mode (R/W)
0 = Enable ChargingVoltage() and
ChargingCurrent() broadcasts to host
and smart battery charger

1 = Disable ChargingVoltage() and
ChargingCurrent() broadcasts to host
and smart battery charger

Bit 15: CAPM—Capacity Mode (R/W)
0 = Report in mA or mAh (default)

1 = Report in 10 mW or 10 mWh

10.5 0x04 AtRate()
This read/write word function sets the value used in calculating AtRateTimeToFull() and

AtRateTimeToEmpty().
SBS Access Proto- . .
Name Type Min Max Unit Note
Cmd SE| Us | FA col yp
mA BatteryMode()[CAPM] = 0
0x04 AtRate() R/W Word 12 -32768 32767
10 mW | BatteryMode()[CAPM]=1

10.6 0x05 AtRateToFull()
This word read function returns the remaining time to fully charge the battery stack.
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SBS Access ' '
Name Protocol Type Min Max Unit Note
Cmd SE | us | FA
0x05 | AtRateToFull() R Word u2 0 65534 | min gzﬁ%i'ﬂg'r;zfs not

10.7 0x06 AtRateToEmpty()
This word read function returns the remaining time to fully discharge the battery stack.
SBS Name Access Protocol Type Min Ma Unit Note
| X |
Cmd SsE| us | FA yp
. 65535 indicates not
0x06 | AtRateToEmpty() R Word u2 0 65534 min being charged
10.8 0x07 AtRateOK()
SBS Name Access Protocol Type Min Ma Unit Note
| X |
Cmd SE| us | FA yp
0x07 AtRateOK() R Word 0 = not ok
10.9 0x08 Temperatures()
SBS Access . )
Name Protocol Type Min Max Unit Note
Cmd SE| Us | FA
0x08 | Temperatures() R Word u2 0 65535 0.1°K
10.10 0x09 Voltage()
SBS Name Access Protocol Type Min Ma Unit Note
| X |
Cmd sE| us | FA yp
0x09 Voltage() R Word u2 0 65535 mV
10.11 OxOA Current()
SBS Access . .
Name Protocol Type Min Max Unit Note
Cmd SE | uUs | FA
0x0A Current() R Word 12 -32767 32768 mA
10.12 0x0B AverageCurrent()
SBS Name Access Protocol Type Min Ma Unit Note
I X |
Cmd SE| us [ FA yp
0x0B Current() R Word 12 -32767 32768 mA
10.13 0x0C MaxError()

This read word function returns an unsigned integer value of the expected margin of error, in %, in the

state-of-charge calculation with a range of 1 to 100%.
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10.14

10.15

10.16

10.17

10.18

SBS Access _ .
Name Protocol Type Min Max Unit Note
Cmd SE | us | FA
0x0C MaxError() R Word u2 0 100 %
Status Condition Action

Full device reset

MaxError() = 100%

RA-table only updated

MaxError() = 5%

QMAX only updated

MaxError() = 3%

RA-table and QMAX updated

MaxError() = 1%

Each CycleCount() increment after last valid QMAX update

MaxError() increment by 0.05%

Configuration:Max Error Time Cycle Equivalent period

passed since last valid QMAX update

MaxError() increment by 0.05%

0x0D RelativeStateOfCharge()

This read word function returns the predicted remaining battery capacity as a percentage of
FullChargeCapacity().

SBS Access . .
Name Protocol Type Min Max Unit Note
Cmd sE [ us | FA
0x0D RelativeStateOfCharge() R Word u2 0 100 %
OxOE AbsoluteStateOfCharge()
SBS Access . .
cmd Name Protocol Type Min Max Unit Note
m se [ us | FA
O0xO0E AbsoluteStateOfCharge() R Word u2 0 100 %
0xOF RemainingCapacity()
SBS Access . .
cmd Name Protocol Type Min Max Unit Note
m SE us FA
n . R R R/W mAh BatteryMode()[CAPM] = 0
OxO0F RemainingCapacity() Word u2 0 65535
10 mWh | BatteryMode()[CAPM] = 1
0x10 FullChargeCapacity()
SBS Access .
cmd Name Protocol Type Min Max Unit Note
m SE us FA
R R R/W mAh BatteryMode()[CAPM] = 0
0x10 FullChargeCapacity() Word u2 0 65535
10 mWh | BatteryMode()[CAPM] = 1
0x11 RunTimeToEmpty()
SBS Access . .
cmd Name Protocol Type Min Max Unit Note
m SE us FA
Oox11 RunTimeToEmpty() R R R Word u2 0 65534 min 65535 = Not being discharged
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www.ti.com 0x12 AverageTimeToEmpty()
10.19 0x12 AverageTimeToEmpty()
SBS N Access Protocol T Mi M Unit Not
ame rotoco e n ax ni ote
Cmd SE us FA e
0x12 AverageTimeToEmpty() R R R Word u2 0 65534 min 65535 = Not being discharged
10.20 0x13 AverageTimeToFull()
SBS Access _ )
Name Protocol Type Min Max Unit Note
Cmd SE us FA
0x13 AverageTimeToFull() R R R Word u2 0 65534 min 65535 = Not being discharged
10.21 0x14 ChargingCurrent()
SBS N Aocess Protocol L Mi M. Unit Not
ame rotoco e in ax ni ote
Cmd SE us FA yP
0x14 ChargingCurrent() R R R Word u2 0 65534 mA 65535 = riﬂtjrvzttmaximum
10.22 0x15 ChargingVoltage()
SBS Access . .
Name Protocol Type Min Max Unit Note
Cmd SE us FA
0x15 | ChargingVoltage() R R R word u2 0 65534 mv 65535 = request maximum
voltage
10.23 0x16 BatteryStatus()
SBS N Aocess Protocol | T Mi M Not
ame rotoco e in ax ote
Cmd SE us FA P
Bit 3:0: EC3,EC2,EC1,ECO
Error Code
0x0 = OK
0x1 = Busy
0x2 = Reserved
Command
0x3 = Unsupported
Command
0x4 = AccessDenied
0x5 = Overflow/Underflow
0x6 = BadSize
0x7 = UnknownError
Bit 4: FD—Fully Discharged
0x16 BatteryStatus() R R R Word H2 0 = Battery ok

1 = Battery fully depleted
Bit 5: FC—Fully Charged

0 = Battery not fully charged
01 = Battery fully charged
Bit 6: DSG—Discharging

0 = Battery is charging

1 = Battery is discharging
Bit 7: INIT—Initialization

0 = Inactive

1 = Active

Bit 8: RTA—Remaining Time Alarm
0 = Inactive

1 = Active
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SBS Access .
Name Protocol Type Min Max Note
Cmd SE us FA
Bit 9: RCA—Remaining Capacity Alarm
0 = Inactive
1 = Active
Bit 10: Reserved
Undefined
Bit 11: TDA—Terminate Discharge
Alarm
0 = Inactive
1 = Active
0x16 BatteryStatus() R R R Word H2 g'ﬁlz: OTA—Overtemperature Alarm
= Inactive
1 = Active
Bit 13: Reserved
Undefined
Bit 14: TCA—Terminate Charge Alarm
0 = Inactive
1 = Active
Bit 15: OCA—Overcharged Alarm
0 = Inactive
1 = Active
10.24 0x17 CycleCount()
SBS N Access Protocol | T Mi M Unit Not
ame rotoco e in ax ni ote
Cmd SE | US | FA P
0x17 CycleCount() R R R Word u2 0 65534 cycles | 65535 = 65535 or more cycles
10.25 0x18 DesignCapacity()
SBS N Aocess Protocol | T Mi M Unit Not
ame rotoco e in ax ni ote
Cmd SE | US | FA P
. ) mAh | BatteryMode()[CAPM] = 0
0x18 DesignCapacity() R R R Word u2 0 65535
10 mWh | BatteryMode()[CAPM] = 1
10.26 0x19 DesignVoltage()
SBS N Access Protocol | T Mi M Unit Not
ame rotoco e in ax ni ote
Cmd SE | US FA P
0x19 DesignVoltage() R R R Word u2 0 65535 mvV
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0x1A SpecificationInfo()

10.27

10.28

10.29

10.30

0x1A Specificationinfo()

SBS
Cmd

Name

Access

SE

us

FA

Protocol

Type

Min

Note

Ox1A

SpecificationInfo()

Word

H2

0x0000

OXFFFF

Bit 0,1,2,3: Revision

Revision

0,0,0,1 = Version 1.0 and 1.1 (default)
Bit 4,5,6,7: Version

Version

0,0,0,1 = Version 1.0

0,0,1,1 = Version 1.1

0,0,1,1 = Version 1.1 with optional PEC
support

Bit 8,9,10,11: VScale Voltage Scale
Factor

0,0,0,0 = reported voltages scaled by
10EO

0,0,0,1 = reported voltages scaled by
10E1

0,0,1,0 = reported voltages scaled by
10E2

Ox1A

SpecificationInfo()

Word

H2

0x0000

OXFFFF

0,0,1,1 = reported voltages scaled by
10E3

Bit 12,13,14,15: Current

0,0,0,0 = reported currents and
capacities scaled by 10E0 except
ChargingVoltage() and
ChargingCurrent()

0,0,0,1 = reported currents and
capacities scaled by 10E1 except
ChargingVoltage() and
ChargingCurrent()

0,0,1,0 = reported currents and
capacities scaled by 10E2 except
ChargingVoltage() and
ChargingCurrent()

0,0,1,1 = reported currents and
capacities scaled by 10E3 except
ChargingVoltage() and
ChargingCurrent()

0x1B ManufacturerDate()

SBS
Cmd

Name

Access

Protocol

SE

us

FA

Type

Min

Max

Note

0x1B

ManufacturerDate()

R

Word

ManufacturerDate() value in the
following format:Day + Month*32 +
(Year—1980)*256

0x1C SerialNumber()

SBS
Cmd

Name

Access

SE

us

FA

Protocol

Type

Min

Max Unit Note

0x1C

SerialNumber()

R

Word

0x20 ManufacturerName()

SBS
Cmd

Name

Access

SE

us

FA

Protocol

Type

Min

Max Unit Note

0x20

ManufacturerName()

R

Block

S21
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10.31 0x21 DeviceName()

SBS Access . .
Name Protocol Type Min Max Unit Note
Cmd SE us FA
0x21 DeviceName() R R R Block S21
10.32 0x22 DeviceChemistry()
SBS Access X .
Name Protocol Type Min Max Unit Note
Cmd SE | US FA
0x22 DeviceChemistry() R R R Block S4
10.33 0x23 ManufacturerData()
SBS Access ) .
Name Protocol Type Min Max Unit Note
Cmd SE us FA
0x23 ManufacturerData() R R R Block

10.34 O0x2F Authentication() AND Manufacturerinput()

This read/write block function provides SHA-1 authentication in DEFAULT mode. It is also used to enable
data flash read/writes and provide authentication input for SEALED, UNSEALED, FULL ACCESS modes.

SBS N Access Protocol | T Mi M Unit Not
ame rotoco e n ax ni ote
Cmd SE us FA P
0x2F Manufacturerlnput() R/W R/W R/W Block
Status Condition Action
» OperationStatus()[AUTH] = 1
* Wait 250 ms
No active Manufacturerinput() data waiting + OperationStatus()JAUTH] = 0
AND write 160-bit challenge to . .
Authentication Manufacturerinput() in the format az\::ﬁfa(r:%%rrllsnégt%ﬁg ?r:?aefsc‘;rr?:at
gx?ﬁggggggfglﬁ&?ﬁ:&lﬁIT_P;LBLMMNNO O0XAABBCCDDEEFFGGHHIIJJKKLLMMNNOOPP
’ ' QQRRSSTTT, where AA is LSB, using the
challenge + authentication key. Compare with own
calculations to confirm validity of key.
Output block based on ManufacturerAccess() input for
Manufacturerinfo Valid word sent to ManufacturerAccess() one time readout. Note: .OXFOSl e}nd 0xF082 on
ManufacturerAccess() will be available for multi-read
out until cleared with 0xF080.

10.35 0x3C-0x3F Cell Voltages()

SBS Cmd Name Access Protocol Type Min Max Default Unit Note
SE us FA
Cell 3
0x3C voltage R R R Word 12 0 32767 mV
Cell 2
0x3D voltage R R R Word 12 0 32767 mV
Ox3E Cell 1 R R R Word 12 0 32767 mvV
voltage
OX3F Cell 0 R R R Word 2 0 32767 mv
voltage
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INSTRUMENTS

www.ti.com

0x50 SafetyAlert()

10.36 0x50 SafetyAlert()

Access
SBS Name

Cmd SE us

FA

Proto-
col

Type

Min

Note

0x50 SafetyAlert()

N/A

R Block

Bit 0: CUV—Cell Undervoltage

0 = Inactive

1 = Detected

Bit 1: COV—Cell Overvoltage

0 = Inactive

1 = Detected

Bit 2: OCC1—Overcurrent in Charge 1st Tier
0 = Inactive

1 = Detected

Bit 3: OCC2—Overcurrent in Charge 2nd Tier
0 = Inactive

1 = Detected

Bit 4: OCD1—Overcurrent in Discharge 1st Tier
0 = Inactive

1 = Detected

Bit 5: OCD2—Overcurrent in Discharge 2nd Tier
0 = Inactive

1 = Detected

Bit 6: OLD—Overload in discharge

0 = Inactive

1 = Detected

Bit 7: Reserved

Bit 8: SCC—Short circuit in charge

0 = Inactive

1 = Detected

Bit 9: Reserved

Bit 10: SCD—Short circuit in discharge

0 = Inactive

1 = Detected

Bit 11: Reserved

Bit 12: OTC—Overtemperature in charge

0 = Inactive

1 = Detected

Bit 13: OTD—Overtemperature in discharge
0 = Inactive

1 = Detected

Bit 14: CUVC—I*R compensated CUV

0 = Inactive

1 = Detected

Bit 15: Reserved
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13 TEXAS
INSTRUMENTS

www.ti.com

SBS
Cmd

Name

Access

SE

us

FA

Proto-
col

Type

Min

Note

0x50

SafetyAlert()

N/A

Block

Bit 16: OTF—FET overtemperature

0 = Inactive

1 = Detected

Bit 17: HWD—SBS Host watchdog timeout
0 = Inactive

1 = Detected

Bit 18: PTO—Precharging timeout

0 = Inactive

1 = Detected

Bit 19: PTOS—Precharging timeout suspend
0 = Inactive

1 = Detected

Bit 20: CTO—Charging timeout

0 = Inactive

1 = Detected

Bit 21: CTOS—Charging timeout suspend
0 = Inactive

1 = Detected

Bit 22: OC—Overcharge

0 = Inactive

1 = Detected

Bit 23: CHGC—Charging Current higher than
requested

0 = Inactive

1 = Detected

Bit 24: CHGV—Charging Voltage higher than
requested

0 = Inactive

1 = Detected

Bit 25: Reserved

Bit 26: Reserved

Bit 27: Reserved

Bit 28: Reserved

Bit 29: Reserved

Bit 30: Reserved

Bit 31: Reserved
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13 TEXAS

INSTRUMENTS

www.ti.com

0x51 SafetyStatus()

10.37 0x51 SafetyStatus()

SBS
Cmd

Name

Access

Proto- Min

SE

us

EA col Type

Note

0x51

SafetyStatus()

N/A

R Block

Bit 0: CUV—Cell UnderVoltage

0 = Inactive

1 = Detected

Bit 1: COV—cCell Overvoltage

0 = Inactive

1 = Detected

Bit 2: OCC1—Overcurrent in Charge 1st Tier
0 = Inactive

1 = Detected

Bit 3: OCC2—Overcurrent in Charge 2nd Tier
0 = Inactive

1 = Detected

Bit 4: OCD1—Overcurrent in Discharge 1st Tier
0 = Inactive

1 = Detected

Bit 5: OCD2—Overcurrent in Discharge 2nd Tier
0 = Inactive

1 = Detected

Bit 6: OLD—Overload in discharge

0 = Inactive

1 = Detected

Bit 7: OLDL—Overload in discharge latch

0 = Inactive

1 = Detected

Bit 8: SCC—Short circuit in charge

0 = Inactive

1 = Detected

Bit 9: SCCL—Short circuit in charge latch

0 = Inactive

1 = Detected

Bit 10: SCD—Short circuit in discharge

0 = Inactive

1 = Detected

Bit 11: SCDL—Short circuit in discharge latch
0 = Inactive

1 = Detected
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SBS
Cmd

Name

Access

SE

us

FA

Proto-
col

Type

Min

Note

0x51

SafetyStatus()

N/A

Block

Bit 12: OTC—Overtemperature in charge
0 = Inactive

1 = Detected

Bit 13: OTD—Overtemperature in discharge
0 = Inactive

1 = Detected

Bit 14: CUVC—I*R compensated CUV

0 = Inactive

1 = Detected

Bit 15: Reserved

Bit 16: OTF—FET overtemperature

0 = Inactive

1 = Detected

Bit 17: HWD—SBS Host watchdog timeout
0 = Inactive

1 = Detected

Bit 18: PTO—Precharging timeout

0 = Inactive

1 = Detected

Bit 19: Reserved

Bit 20: CTO—Charging timeout

0 = Inactive

1 = Detected

Bit 21: Reserved

Bit 22: OC—Overcharge

0 = Inactive

1 = Detected

Bit 23: CHGC—Charging Current higher than
requested

0 = Inactive

1 = Detected

Bit 24: CHGV—Charging Voltage higher than
requested

0 = Inactive

1 = Detected

Bit 25: Reserved

Bit 26: Reserved

Bit 27: Reserved

Bit 28: Reserved

Bit 29: Reserved

Bit 30: Reserved

Bit 31: Reserved
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www.ti.com 0x52 PFAlert()
10.38 0x52 PFAlert()

Access R
SBS Name Proto Type Min Max Note

Cmd SE us FA col

Bit 0: CUV—Cell undervoltage

0 = Inactive

1 = Detected

Bit 1: COV—cCell overvoltage

0 = Inactive

1 = Detected

Bit 2: CUDEP—Copper deposition
0 = Inactive

1 = Detected

Bit 3: Reserved

Bit 4: OTCE—Overtemperature

0 = Inactive

1 = Detected

Bit 5: Reserved

Bit 6: OTF—Overtemperature FET
0 = Inactive

1 = Detected

Bit 7: QIM—QMAX Imbalance

0 = Inactive

1 = Detected

Bit 8: CB—Cell balancing

0 = Inactive

1 = Detected

Bit 9: IMP—Cell impedance

0 = Inactive

1 = Detected

Bit 10: CD—Capacity Deterioration
0 = Inactive

1 = Detected

Bit 11: VIMR—Voltage imbalance at Rest
0 = Inactive

1 = Detected

Bit 12: VIMA—Voltage imbalance at Rest
0 = Inactive

1 = Detected

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved

Bit 16: CFETF—Charge FET
0 = Inactive

1 = Detected

Bit 17: DFET—Discharge FET
0 = Inactive

1 = Detected

Bit 18: THERM—Thermistor

0 = Inactive

1 = Detected

Bit 19: FUSE—Fuse

0 = Inactive

1 = Detected

Bit 20: AFER—AFE Register
0=n/a

1 = Detected

Bit 21: AFEC—AFE Communication
0x52 PFAlert() N/A R R Block 0 = Inactive

1 = Detected

Bit 22: 2LVL—FUSE input indicating fuse trigger
by external 2nd level protection
0 = Inactive

1 = Detected

Bit 23: Reserved

Bit 24: Reserved

Bit 25: OCECO—Open VCx
0=n/a

1 = Detected

Bit 26: Reserved

Bit 27: Reserved

Bit 28: Reserved

Bit 29: Reserved

Bit 30: Reserved

Bit 31: Reserved

0x52 | PFAlert() N/A R R Block
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10.39 0x53 PFStatus()

SBS
Cmd

Name

Access

SE

us

FA

Proto-
col

Type

Min

Note

0x53

PFStatus()

N/A

Block

Bit 0: CUV—Cell undervoltage

0 = Inactive

1 = Active

Bit 1: COV—Cell overvoltage

0 = Inactive

1 = Active

Bit 2: Reserved

Bit 3: Reserved

Bit 4: OTCE—Overtemperature

0 = Inactive

1 = Active

Bit 5: Reserved

Bit 6: OTF—Overtemperature FET
0 = Inactive

1 = Active

Bit 7: QIM—QMAX Imbalance

0 = Inactive

1 = Active

Bit 8: CB—Cell balancing

0 = Inactive

1 = Active

Bit 9: IMP—Cell impedance

0 = Inactive

1 = Active

Bit 10: CD—Capacity Deterioration
0 = Inactive

1 = Active

Bit 11: VIMR—Voltage imbalance at Rest
0 = Inactive

1 = Active

Bit 12: VIMA—Voltage imbalance at Rest
0 = Inactive

1 = Active

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved

0x53

PFStatus()

N/A

Block

Bit 16: CFETF—Charge FET

0 = Inactive

1 = Active

Bit 17: DFET—Discharge FET
0 = Inactive

1 = Active

Bit 18: THERM—Thermistor

0 = Inactive

1 = Active

Bit 19: FUSE—Fuse

0 = Inactive

1 = Active

Bit 20: AFER—AFE Register
0=nla

1 = Active

Bit 21: AFEC—AFE Communication
0 = Inactive

1 = Active

Bit 22: 2LVL FUSE input indicating fuse trigger
by external 2nd level protection
0 = Inactive

1 = Active

Bit 23:PTC—PTC by AFE

0 = Inactive

1 = Active

Bit 24: IFC—Instruction Flash Checksum
0=nla

1 = IF checksum failure

Bit 25: OCECO—Open VCx
0=nla

1 = Active

Bit 26: DFW—DF write failure
0=nla

1 = Active

Bit 27: Reserved

Bit 28: Reserved

Bit 29: Reserved

Bit 30: Reserved

Bit 31: Reserved
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0x54 OperationStatus()

10.40 0x54 OperationStatus()

SBS Name

Access

Cmd

SE

us

FA

Proto-
col

Type

Min

Note

Operation

0x54 Status()

N/A

Block

Bit 0: PRES—PRES input state
0 = PRES pin high

1 = PRES pin low detected

Bit 1: DSG—DSG FET Status

0 = Disabled

1 = Enabled

Bit 2: CHG—CHG FET Status

0 = Disabled

1 = Enabled

Bit 3: PCHG—PCHG FET Status
0 = Disabled

1 = Enabled

Bit 4: GPOD—GPOD FET Status
0 = Disabled

1 = Enabled

Bit 5: FUSE—FUSE input

0 = FUSE pin low

1 = FUSE pin high detected

Bit 6: CB—Cell Balancing

0 = Inactive

1 = Active

Bit 7: RSVD

0 = Inactive

1 = Active

Bit 9:8: SEC1,SEC0—Security Mode0
0 = Reserved

1, 0 = Full Access

0, 1 = Unsealed

1,1 = Sealed

Operation

0x54 Status()

N/A

Block

Bit 10: CAL—Cal Raw ADC/CC output active
0 = Inactive

1 = Active

Bit 11: SS—SafetyStatus

0 = Inactive

1 = Active

Bit 12: PF—Permanent Failure

0 = Inactive

1 = Active

Bit 13: XDSG—Discharging Disabled
0 = Inactive

1 = Active

Bit 14: XCHG—Charging Disabled

0 = Inactive

1 = Active

Bit 15: SLEEP—SIeep condition met
0 = Disabled

1 = Enabled

Bit 16: SDM—Shutdown activated by
ManufacturerAccess()

0 = Inactive

1 = Active

Bit 17: Reserved

Bit 18: AUTH—Authentication ongoing
0 = Inactive

1 = Active
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SBS
Cmd

Name

Access

SE

us

FA

Proto-
col

Type

Min

Note

0x54

Operation
Status()

N/A

Block

Bit 19: AWD—AFE Watchdog failure

0 = Inactive

1 = Active

Bit 20: FVS—Fast Voltage Sampling

0 = Inactive

1 = Active

Bit 21: CALO—Raw ADC/CC offset output

0 = Inactive

1 = Active

Bit 22: SDV—Shutdown activated by voltage
0 = Inactive

1 = Active

Bit 23: SLEEPM—SLEEP mode active by
ManufacturerAccess()

0 = Inactive

1 = Active

Bit 24: INIT—Initialization after full reset, cleared
when SBS data calculated and available

0 = Inactive

1 = Active

Bit 25: SMBLCAL—CC auto offset calibration
ongoing after SBS line goes low

0 = Inactive

1 = Active

Bit 26: SLEEPQMAX—QMAX update in SLEEP
mode

0 = Inactive

1 = Active

Bit 27: SLEEPC—Checking current in SLEEP
mode

0 = Inactive

1 = Active

Bit 28: XLSBS Fast Mode

0 = Inactive

1 = Active

Bit 29: Reserved

Bit 30: Reserved

Bit 31: Reserved
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www.ti.com 0x55 ChargingStatus()

10.41 O0x55 ChargingStatus()

Access R
SBS Name Proto Type Min Max Note

Cmd SE us FA col

Bit 0: UT—Under Temperature Range
0 = Inactive

1 = Active

Bit 1: LT—Low Temperature Range

0 = Inactive

1 = Active

Bit 2: STL—Standard Temperature Low Range
0 = Inactive

1 = Active

Bit 3: RT—Recommended Temperature Range
0 = Inactive

1 = Active

Bit 4: ST—Standard Temperature High Range
0 = Inactive

1 = Active

Bit 5: HT—High Temperature Range
0 = Inactive

1 = Active

Bit 6: OT—Over Temperature Range
0 = Inactive

1 = Active

Bit 7: PV—Precharge Voltage Range
0 = Inactive

1 = Active

Bit 8: LV—Low Voltage Range

0 = Inactive

1 = Active

Bit 9: MV—Mid Voltage Range

0 = Inactive

1 = Active

Bit 10: HV—High Voltage Range

0 = Inactive

1 = Active

Bit 11: IN—Charge Inhibit

0 = Inactive

1 = Active

Bit 12: SU—Charge Suspend

0 = Inactive

1 = Active

Bit 13: CCR—ChargingCurrent() Rate
0 = Inactive

1 = Active

Bit 14: CVR—ChargingVoltage() Rate
0 = Inactive

1 = Active

Bit 15: CCC—ChargingCurrent() Compensation
0 = Inactive

1 = Active

Charging

Status() R R Block

0x55
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10.42 0x56 GaugingStatus()

Access -
SBS Name Proto Type Min Max Note

Cmd SE us FA col

Bit 0: RESTDODO, OCV and QMAX
Updated

0 = Not updated

1 = Updated

Bit 1: DSG—Discharge detected

0 = Charging

1 = Discharging

Bit 2: RU—Resistance update

0 = Disabled

1 = Enabled

Bit 3: VOK Cell Voltage OK for QMAX
update

0 = Inactive

1 = Active

Bit 4: QEN—QMAX updates

0 = Disabled

1 = Enabled

Bit 5: FD—Fully Discharged detected by
gauge algorithm

0 = Disabled

1 = Enabled

Bit 6: FC—Fully Charged detected by gauge
algorithm

0 = Disabled

1 = Enabled

Bit 7. NSFM—NEGATIVE SCALE FACTOR
mode

0 = Disabled

1 = Enabled

Bit 8: VDQ—Discharge qualified for learning
0 = Disabled

1 = Enabled

Bit 9: QMAX—QMAX updated. This flag
toggles every time QMAX is updated.

Bit 10: RX—Resistance update. This flag
toggles every time Resistance is updated.
Bit 11: LDMD—LOAD mode

0 = CONSTANT CURRENT mode

1 = CONSTANT POWER mode

Bit 12: OCVFR—OCYV in flat region

0 = OCV outside flat region

1 = OCV in flat region

Bit 13: TDA—Terminate Discharge Alarm
set by gauging algorithm

0 = Disabled

1 = Enabled

Bit 14: TCA—Terminate Charge Alarm set
by gauging algorithm

0 = Disabled

1 = Enabled

Bit 15: LPF Relax—LiPh Relax Mode, only
active with Chem ID 0x400

0 = Disabled

1 = Enabled

Gauging

0x56 Status()

R R Block

10.43 0x57 ManufacturingStatus()

The enable bits FET_EN, LF_EN, PF_EN, BBR_EN, and FUSE_EN can be set in the golden image file if
the packmaker does not want to send the individual enable commands. The only function that cannot be
enabled by setting DF Setting Manufacturing Status is IT Enable. The IT Enable command is needed to
take the DODO value for fast QMAX, etc.
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13 TEXAS

INSTRUMENTS

www.ti.com

0x58 AFERegisters()

SBS
Cmd

Access

Proto-

Name

SE

us FA

col Type

Min

Max

Default

Note

0x57

Manufacturing
Status()

Block

0x8000

Bit 0: PCHG—PCHG Function, only
available with FET =0

0 = Disabled

1 = Enabled

Bit 1: CHG—CHG FET, only available with
FET=0

0 = Disabled

1 = Enabled

Bit 2: DSG—DSG FET, only available with
FET=0

0 = Disabled

1 = Enabled

Bit 3: GAUGE—Gauging

0 = Disabled

1 = Enabled (default)

Bit 4: FET—FET action

0 = Disabled

1 = Enabled (default)

Bit 5: LF—Lifetime data collection
0 = Disabled

1 = Enabled (default)

Bit 6: PF—Permanent Fail

0 = Disabled

1 = Enabled (default)

Bit 7: BBR—Black Box Recorder
0 = Disabled

1 = Enabled (default)

Bit 8: FUSE—FUSE action

0 = Disabled

1 = Enabled (default)

Bit 9: RSVD

0 = Disabled

1 = Enabled (default)

Bit 10: Reserved

Bit 11: Reserved

Bit 12: Reserved

Bit 13: Reserved

Bit 14: Reserved

Bit 15: CAL ADC or CC output on
ManufacturerData()

0 = Disabled

1 = Enabled (default)

10.44

0x58 AFERegisters()

SBS
Cmd

Name

Access

Proto-

SE

us

EA col

Type

Min

Max

Note

0x58

AFERegisters()

R Block

Outputs AFE register values on
ManufacturerData() in the following
format: AABBCCDDEEFFGGHHIIJIJKK
where:

AA: STATUS register

BB: STATE_CONTROL register
CC: OUTPUT_CONTROL register
DD: OUTPUT_STATUS register
EE: FUNCTION_CONTROL register
FF: CELL_SEL register

GG: OCDV register

HH: OCDD register

1l: SCC register

JJ: SCD1 register

KK: SCD2 register
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0x59 TURBO_POWER() www.ti.com
10.45 0x59 TURBO_POWER()

SBS Access . .
Name Protocol Type Min Max Unit Note
Cmd SE us FA
Computes and provides
Max Power information
0x59 TURBO_POWER() R R RIW Word W | paced on the battery
pack configuration
10.46 0x5A TURBO_FINAL()
SBS Access . .
Name Protocol Type Min Max Unit Note
Cmd SE us FA
Turbo Power that
represents the minimal
TURBO-mode power
level during active
operation (e.g., non-
OX5A TURBO_FINAL() R RIW RIW Word cW sleep) after all higher
TURBO-mode levels
are disabled (expected
at the end of
discharge).
10.47 0x5B TURBO_PACK_R()
SBS Access ) _
Name Protocol Type Min Max Unit Note
Cmd SE | US FA
Battery pack serial
0x5B TURBO_PACK_R() R R/W R/W Word mQ resistance
10.48 0x5C TURBO_SYS_R()
SBS Access . .
Cmd Name Protocol Type Min Max Unit Note
SE us FA
0X5C TURBO_SYS_R() R RW | RW Word mQ System serial
resistance
10.49 0x5D MIN_SYS V()
SBS N Aocess Protocol | T Mi M Unit Not
ame rotoco e in ax ni ote
Cmd SE us FA P
Minimal Voltage at
0X5D MIN_SYS_V() R RW | RW Word mv system power
converter input at which
system will still operate
10.50 Ox5E TURBO_CURRENT()
SBS N Access Protocol | T Mi M Unit Not
ame rotoco e n ax ni ote
Cmd SE | US FA P
Computes a
OX5E | MAX-CURRENT() R R RIW Word mA | maximal discharge
current supported by
the cell design.
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INSTRUMENTS

www.ti.com

0x60 Lifetime Data Block 1

10.51 0x60 Lifetime Data Block 1

SBS
Cmd

Name

Access

SE

us

FA

Proto-
col

Type

Min

Note

0x60

Lifetime Data
Block 1

Block

Outputs lifetimes values on

ManufacturerData() in the following format:
AABBCCDDEEFFGGHHIIJJKKLLMMNNOOP
PQQRRSSTTUUVVWWXXVVZZ1122334455

66 where:

in the following format:
AA: Max Cell Voltage 1
BB: Max Cell Voltage 2
CC: Max Cell Voltage 3
DD: Max Cell Voltage 4
EE: Min Cell Voltage 1
FF: Min Cell Voltage 2
GG: Min Cell Voltage 3
HH: Min Cell Voltage 4
II: Max Delta Cell Voltage
JJ: Max Charge Current

KK: Max Discharge Current
LL: Max Average Discharge

Current

MM: Max Average Discharge

Power

NN: No of COV Events
OOQO: Last COV Event
PP: No of CUV Events
QQ: Last CUV Event
RR: No of OCD1 Events
SS: Last OCD1 Event
TT: No of OCD2 Events
UU: Last OCD2 Event
VV: No of OCCL1 Events
WW: Last OCC1 Event
XX: No of OCC2 Events
YY: Last OCC2 Event
ZZ: No of OLD Events
11: Last OLD Event

22: No of SCD Events
33: Last SCD Event

44: No of SCC Events
55:Last SCC Event

66: No of OTC Events

10.52 0x61 Lifetime Data Block 2
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13 TEXAS
INSTRUMENTS

www.ti.com

10.53

SBS
Cmd

Name

Access

SE

us

FA

Proto-
col

Type

Min

Max

Default

Note

0x61

Lifetime Data
Block 2

Block

Outputs lifetimes values on
ManufacturerData() in the following format:

* AABBCCDDEEFFGGHHIIJIKKL

LMMNNOOPPQQRRSSTTUUVV
WWXXVVZZ11 where:

AA: Last OTC Event
BB: No of OTD Events
CC: Last OTD Event
DD: No of OTF Events
EE: Last OTF Event

FF: No Valid Charge
Terminations

GG: Last Valid Charge
Termination

HH: No of QMAX Updates
II: Last QMAX Update
JJ: No of RA Updates
KK: Last RA Update

LL: No of RA Disables
MM:Last RA Disable

NN: No of Shutdowns
OO: No of Partial Resets
PP: No of Full Resets
QQ: No of WDT Resets
RR: CB Time Cell 1

SS: CB Time Cell 2

TT: CB Time Cell 3

UU: CB Time Cell 4

VV: Max Temp Cell

WW: Min Temp Cell

XX: Max Delta Cell Temp
YY:Max Temp Int Sensor
ZZ:Min Temp Int Sensor
11: Max Temp FET

0x62 Lifetime Data Block 3

SBS
Cmd

Name

Access

SE

us

FA

Proto-
col

Type

Min

Max

Default

Note

0x62

Lifetime Data
Block 3

Block

Outputs lifetimes values on
ManufacturerData()

* in the following format:

aaAAbbBBccCCddDDeeEEffFFg
gGGhhHH where:

AAaa: Total firmware Run Time
BBbb: Time Spent in UT
CCcc: Time Spent in LT

DDdd: Time Spent in STL *EEee:
Time Spent in RT

FFff: Time Spent in STH
GGgg: Time Spent in HT
HHhh: Time Spent in OT
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13 TEXAS
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www.ti.com

0x70 Manufacturerinfo()

10.54 0x70 Manufacturerinfo()

SBS Access .
cmd Name Protocol Type Min Max Note
m SE us FA
Instructs the device to return 32 bytes of
Manufacturerinfo(). Output 32 bytes of
Manufacturerinf Manufacturerinfo on ManufacturerData() in the
0x70 () R R/W R/W Block following format:
AABBCCDDEEFFGGHHIIJJIKKLLMMNN
OOPPQQRRSSTTUUVVWWXXVVZZ11223344
5566
10.55 0x71 Voltages()
SBS Access .
Name Protocol Type Min Max Note
Cmd SE us FA
Outputs 12 bytes of voltage data values on
ManufacturerData() in the following format:
aaAAbbBBccCCddDDeeEEffFF where:
» AAaa: Cell Voltage 0
0x71 Voltages() n/a R R Block * BBDbb: Cell Voltage 1
» CCcc: Cell Voltage 2
» DDdd: Cell Voltage 3
» EEee: BAT Voltage
» FFff: PACK Voltage
10.56 0x72 Temperatures()
SBS Access Typ )
Name Protocol Min Max Note
Cmd SE us FA e
« Outputs 14 bytes of temperature data
values on ManufacturerData() in the
following format:
aaAAbbBBccCCddDDeeEEffFF
where:
* AAaa: Int Temperature
0x72 | Temperatures() | n/a R R Block + BBbb: TS1 Temperature

¢ CCcc: TS2 Temperature
* DDdd: TS3 Temperature
* EEee: TS4 Temperature
* FFff: Cell Temperature

¢ GGgg: FET Temperature

10.57 0x73 ITStatus1()

This read block function returns gauging algorithm related parameters.
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gr?fi Name o Act;esss A Prcti)tlo' Type Min Max Note
Outputs 30 bytes of IT data values on
ManufacturerData() in the following format:
aaAAbbBBccCCddDDeeEEffFFGGggHHhhllii
JJjjkkKKIILLmmMMMnnNNooOO where:
* AAaa: DODO Cell 0
« BBbb: DODO Cell 1
¢ CCcc: DODO Cell 2
« DDdd: DODO Cell 3
« EEee: Passed Charge since last
0x73 ITStatus1() n/a R R Block DODO Update
* FFff: QMAX Cell 0
*« GGgg: QMAX Cell 1
¢ HHhh: QMAX Cell 2
« |lii: QMAX Cell 3
¢ JJjjKKKk: State Time
e LLII: DOD EOC Cell 0
e MMmm: DOD EOC Cell 1
¢ NNnn: DOD EOC Cell 2
* OOoo0: DOD EOC Cell 3
Attribute Description Format
DODO0O_0 Depth of discharge cell 0 12
DODO0_1 Depth of discharge cell 1 12
DODO0_2 Depth of discharge cell 2 12
DODO0_3 Depth of discharge cell 3 12
ChargeDOD0OUpdate Passed charge since last DODO update 12
QMAXO0 QMAX of cell 0 12
QMAX1 QMAX of cell 1 12
QMAX2 QMAX of cell 2 12
QMAX3 QMAX of cell 3 12
StateTime Time past since last state change ua
DODEOCO Depth of discharggeﬁle(ljl at End of Charge U2
DODEOC1 Depth of dischargge(lzley at End of Charge U2
DODEOC2 Depth of discharggeﬁleg at End of Charge U2
DODEOC3 Depth of dischargge(lzleg at End of Charge U2

10.58 0x74 ITStatus2()

This read block function returns gauging algorithm related parameters.
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0x74 ITStatus2()

Access -
SBS Name Proto Type Min Max Note
Cmd SE us FA col
Outputs 30 bytes of IT data values on
ManufacturerData() in the following format:
AABBCCDDEEFFggGGhhHHiilljjJJkkKKIILLmmMM
nnNNooOOppPPqqQQIrRR where:
* AA: Pack Grid point
« BB: Learned Status
e CC:GridCell O
* DD: Grid Cell 1
« EE: Grid Cell 2
e FF: Grid Cell 3
¢ GGgg: CompRes Cell 0
0x74 ITStatus2() R R Block « HHhh: CompRes Cell 1
« llii: CompRes Cell 2
¢ JJjj: CompRes Cell 3
« Kkkk: CB Time Cell 0
e LLIl: CB Time Cell 1
¢ MMmm: CB Time Cell 2
« NNnn: CB Time Cell 3
¢ OOoo0: RaScale0
¢ PPpp: RaScalel
¢ QQqqg: RaScale2
¢ RRrr: RaScale3
Attribute Description Format
! Active pack grid point (minimum of
PackGrid CellGrido to CellGrid3) u1
Bit 1,0: CF—QMAX status
0,0 = Battery OK
0,1 = QMAX is first updated in learning cycle
1,0 = QMAX and resistance table updated in learning
cycle
LStatus Learned status of resistance table Bit 2: ITEN—IT enable
0 = IT disabled
1 =IT Enabled
Bit 3: ITEN—QMAX update in Field
0 = QMAX never updated in field
1 = QMAX updated in filed
CellGrid0 Active grid point cell 0 U1l
CellGrid1 Active grid point cell 1 Ul
CellGrid2 Active grid point cell 2 Ul
CellGrid3 Active grid point cell 3 Ul
CompRes0 Last calculated gemperature compensated U2
resistance cell 0
CompRes1 Last calculated t_emperature compensated U2
resistance cell 1
CompRes2 Last calculated temperature compensated U2
resistance cell 2
Last calculated temperature compensated
CompRes3 resistance cell 3 u2
CBTimeO Calculated cell balancing time cell 0 u2
CBTimel Calculated cell balancing time cell 1 u2
CBTime2 Calculated cell balancing time cell 2 u2
CBTime3 Calculated cell balancing time cell 3 u2
RaScale0 Ra Table scaling factor cell 0 u2
RaScalel Ra Table scaling factor cell 1 u2
RaScale2 Ra Table scaling factor cell 2 u2
RaScale3 Ra Table scaling factor cell 3 u2
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INSTRUMENTS
Data Flash Values and Device Configuration

11.1 Data Formats

11.1.1 Unsigned Integer
Unsigned integers are stored without changes as 1-byte, 2-byte, or 4-byte values.

11.1.2 Integer

Integer values are stored in 2's-complement format in 1-byte, 2-byte, or 4-byte values.

11.1.3 Floating Point

Floating point is stored using 4-byte format, where the MSB is the exponent, byte 3 to 0 is the mantissa in
unsigned integer format, with the MSB in byte 3 as sign bit.

Where:
Exp: Exponent
Mantissa: 23 bit mantissa with 24 bit as sign bit.

11.1.4 Hex
Bit register definitions are stored in unsigned integer format.

11.1.5 String

String values are stored with length byte first, followed by a number of data bytes defined with the length
byte.

11.2 Protections

11.2.1 CUV—=—Cell Undervoltage

Class Subclass Name Type Min Max Default Unit Description

Protections Cuv Threshold 12 0 32767 2800 mvV Cell undervoltage trip
threshold

Protections Cuv Delay Ul 0 255 2 S Cell undervoltage trip
delay

Protections cuv Recovery 12 0 32767 3000 my | Cell undervoltage recovery
threshold
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11.2.2 COV—=cCell Overvoltage
Class Subclass Name Type Min Max Default Unit Description
Cell overvoltage low
Protections cov E’hreshold 12 0 32767 4250 mV temperature range trip
ow Temp
threshold
Threshold Cell overvoltage standard
Protections cov Standard 12 0 32767 4250 mV temperature range trip
Temp threshold
Cell overvoltage high
Protections cov l}hreshold 12 0 32767 4250 mV temperature range trip
igh Temp
threshold
Cell overvoltage
Protections cov Threshold 2 0 32767 4250 my | recommended
Rec Temp temperature range trip
threshold
Protections cov Delay U1l 0 255 2 s Cell overvoltage trip delay
Cell overvoltage low
Protections cov Rec:_)rveenl;y Low 12 0 32767 4150 mV temperature range
p recovery threshold
Recovery Cell overvoltage standard
Protections cov Standard 12 0 32767 4150 mV temperature recovery
Temp range threshold
Cell overvoltage high
Protections cov HFTGEQF':HZY 12 0 32767 4150 mV temperature range
9 P recovery threshold
Cell overvoltage
Protections cov Recovery Rec 12 0 32767 4150 my | recommended
Temp temperature range
recovery threshold
11.2.3 OCC1—Overcurrent In Charge 1
Class Subclass Name Type Min Max Default Unit Description
Protections occt Threshold 2 32768 32767 6000 ma | Overcurrent in Charge 1
trip threshold
. Overcurrent in Charge 1
Protections OCC1 Delay Ul 0 255 6 s trip delay
11.2.4 OCC2—Overcurrent In Charge 2
Class Subclass Name Type Min Max Default Unit Description
Protections occ2 Threshold 2 32768 32767 8000 ma | Qvercurrentin Charge
2 trip threshold
) Overcurrent in Charge
Protections ocCc2 Delay Ul 0 255 3 S 2 trip delay
11.2.5 OCC Overcurrent In Charge Recovery
Class Subclass Name Type Min Max Default Unit Description
Overcurrent in Charge
Protections occ mf;;‘r’%% 12 -32768 32767 -50 mA 1 and 2 recovery
threshold
) Recovery Overcurrent in Charge
Protections OoCcC Delay Ul 0 255 5 s 1 and 2 recovery delay
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11.2.6 OCD1—Overcurrent In Discharge 1

Class Subclass Name Type Min Max Default Unit Description
Overcurrent in
Protections OCD1 Threshold 12 -32768 32767 -6000 mA Discharge 1 trip
threshold
. Overcurrent in
Protections OCD1 Delay Ul 0 255 s Discharge 1 trip delay
11.2.7 OCD2—Overcurrent In Discharge 2
Class Subclass Name Type Min Max Default Unit Description
) Overcurrent in Discharge
Protections oCcD2 Threshold 12 -32768 32767 —8000 mA 2 trip threshold
) Overcurrent in Discharge
Protections OCD2 Delay Ul 0 255 3 S 2 trip delay
11.2.8 OCD—Overcurrent In Discharge Recovery
Class Subclass Name Type Min Max Default Unit Description
. Overcurrent in Discharge 1
Protections OCD Recovery 12 -32768 32767 50 mA and 2 recovery threshold
. Recovery Overcurrent in Discharge 1
Protections OCD Delay Ul 0 255 5 S and 2 recovery delay
11.2.9 OLD—Overload in Discharge
Class Subclass Name Type Min Max Default Unit Description
Bit 3:0: Overload Trip Threshold
between SRP and SRN
Threshold can be set from 50 mV
; to 200 mV with 10 mV step. If
Protections OLD Threshold H1 0x00 OxOF 0x09 10 mv Settings:AFE State
Control[RSNS] = 1, threshold
value will be divided in half. See
Appendix A for details.
Bit 3:0: Overload Trip Delay
Protections oLD Delay H1 0x00 0XOF OXOF oms | Delaycan be setifrom 1 msto 31
s with 2-ms steps. See
Appendix A for details.
Protections OLD Latch Limit Ul 0 255 0 counts Overload latch counter trip
threshold
. Counter Dec Overload latch counter decrement
Protections OLD Delay Ul 0 255 10 s delay
Protections OoLD Recovery Ul 255 5 s Overload recovery time
Protections OoLD Reset ul 255 15 s Overload latch reset time
11.2.10 SCC—Short Circuit In Charge
Class Subclass Name Type Min Max Default Unit Description
Bit 2:0: Short Circuit in Charge
Threshold—Threshold can be set from 100
mV to 300 mV in 50-mV steps.
If Settings:AFE State Control[RSNS] =1,
Protections scc Threshold H1 0x00 | OxFF 0x77 Threshold value will be divided in half.

Bit 3: Reserved

Bit 7:4: Short Circuit in Charge Delay
Time—Delay can be set from 0 ps to 915 us
in 61-ys steps.

See Appendix A for details.
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Class Subclass Name Type Min Max Default Unit Description
. . Short Circuit in Charge Latch counter trip
Protections SCC Latch Limit Ul 0 255 0 threshold
Protections sce Counter Dec U1 0 255 10 s Short Circuit in Charge counter decrement
Delay delay
Protections SCC Recovery Ul 0 255 5 s Short Circuit in Charge recovery time
Protections ScC Reset Ul 0 255 15 s Short Circuit in Charge latch reset time
11.2.11 SCD1—Short Circuit In Discharge 1
Class Subclass Name Type Min Max Default Unit Description
Bit 2:0: Short Circuit in Dischargel
Threshold—Threshold can be set from 100
mV to 300 mV in 50 mV step. If
Settings:AFE State Control[RSNS] = 1,
Threshold value will be divided in half.
. Bit 3: Reserved
Protections SDC1 Threshold H1 0x00 OxFF 0x77 Bit 7:4: Short Circuit in Discharge1 Delay
Time—Delay can be set from 0 ps to 915 ps
in 61-ps step. If Settings:AFE State
Control[SCDDx2] = 1, Delay Time value will
be doubled.
See Appendix A for details.
11.2.12 SCD2—Short Circuit in Discharge 2
Class Subclass Name Type Min Max Default Unit Description
Bit 2:0: Short Circuit in Discharge2
Threshold—Threshold can be set from 100
mV to 300 mV in 50 mV step. If
Settings:AFE State Control[RSNS] = 1,
Threshold value will be divided in half.
. Bit 3: Reserved
Protections SDC2 Threshold H1 0x00 OxFF OxE7 Bit 7:4: Short Circuit in Discharge2 Delay
Time—Delay can be set from 0 ps to 458 ps
in 30 ps step. If Settings:AFE State
Control[SCDDx2] = 1, Delay Time value will
be doubled.
See Appendix A for details.
11.2.13 SCD—Short Circuit in Discharge
Class Subclass Name Type Min Max Default Unit Description
Protections SCD Latch Limit Ul 0 255 0 Short Circ_uit in Discharge Latch
counter trip threshold
Protections scb Counter Dec Ul 0 255 10 s Short Circuit in Discharge counter
Delay decrement delay
) Short Circuit in Discharge
Protections SCD Recovery Ul 0 255 5 s recovery time
) Short Circuit in Discharge latch
Protections SCD Reset Ul 0 255 15 s reset time
11.2.14 OTC—Over Temperature in Charge
Class Subclass Name Type Min Max Default Unit Description
Protections oTc Threshold 12 —400 1500 550 0.1°c | Over Temperature in Charge trip
threshold
. Over Temperature in Charge Cell
Protections oTC Delay u1 0 255 2 s trip delay
. o Over Temperature in Charge Cell
Protections oTC Recovery 12 —400 1500 500 0.1°C recovery threshold
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11.2.15 OTD—Over Temperature in Discharge

Class Subclass Name Type Min Max Default Unit Description
Protections oTD Threshold 12 400 1500 600 o1°c | Over Temperature in Discharge
trip threshold
) Over Temperature in Discharge
Protections OTD Delay Ul 0 255 2 s trip delay
) o Over Temperature in Discharge
Protections OTD Recovery 12 —-400 1500 550 0.1°C recovery threshold
11.2.16 OTF—Over Temperature FET
Class Subclass Name Type Min Max Default Unit Description
Protections OTF Threshold 12 400 1500 800 o.1°c | Over Temperature FET trip
threshold
Protections OTF Delay Ul 0 255 2 s Over Temperature FET trip delay
Protections OTF Recovery 12 —400 1500 650 o1°c | Over Temperature FET recovery
threshold
11.2.17 HWD—Host Watchdog
Class Subclass Name Type Min Max Default Unit Description
Protections HWD Delay Ul 0 255 10 S SBS Host watchdog trip delay
11.2.18 PTO—PRECHARGE Mode Time Out
Class Subclass Name Type Min Max Default Unit Description
. Charge Precharge Timeout Current
Protections PTO Threshold 12 —32768 32767 2000 mA Threshold
. Suspend Precharge Timeout Suspend
Protections PTO Threshold 12 —32768 32767 1800 mA Threshold
Protections PTO Delay u2 0 65535 1800 S Precharge Timeout trip delay
. Precharge Timeout Reset
Protections PTO Reset 12 —32768 32767 2 mA Threshold
11.2.19 CTO—FAST CHARGE Mode Time Out
Class Subclass Name Type Min Max Default Unit Description
. Charge Fast-Charge Timeout Current
Protections CTO Threshold 12 -32768 32767 2500 mA Threshold
. Suspend Fast-Charge Timeout Suspend
Protections CTO Threshold 12 -32768 32767 2000 mA Threshold
Protections CTO Delay u2 0 65535 54000 S Fast-Charge Timeout trip delay
. Fast-Charge Timeout Reset
Protections CTO Reset 12 —32768 32767 2 mA Threshold
11.2.20 OC—Overcharge
Class Subclass Name Type Min Max Default Unit Description
Protections oC Threshold 12 -32768 32767 300 mAh | Overcharge trip threshold
Protections ocC Recovery 12 -32768 32767 2 mAh Overcharge recovery threshold
RSOC Overcharge
. o - <
Protections oC Recovery U1l 0 100 90 % RemainingStateOfCharge()

recovery threshold
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Permanent Fail

11.2.21 CHGV—ChargingVoltage

Class Subclass Name Type Min Max Default Unit Description
Protections CHGV Threshold 12 | 32768 32767 500 my | ShargingVoltage() delta trip
threshold
Protections CHGV Delay Ul 0 255 30 s ChargingVoltage() delta trip delay
Protections CHGV Recovery 12 | —32768 32767 -500 my | ChargingVoltage() delta recovery
threshold
11.2.22 CHGC—ChargingCurrent
Class Subclass Name Type Min Max Default Unit Description
Protections CHGC Threshold 12 -32768 32767 500 mA ChargingCurrent() delta trip threshold
Protections CHGC Delay Ul 0 255 2 s ChargingCurrent() delta trip delay
Protections CHGC Recovery 12 | —32768 | 32767 100 ma | ChargingCurrent() delta recovery
threshold
11.3 Permanent Fail
11.3.1 CUV—=—Cell Undervoltage
Class Subclass Name Type Min Max Default Unit Description
Perr;l:i?ent Cuv Threshold 12 0 32767 2500 mvV Cell Undervoltage trip threshold
Per?aai?ent Cuv Delay Ul 0 255 2 s Cell Undervoltage trip delay
11.3.2 COV—<Cell Overvoltage
Class Subclass Name Type Min Max Default Unit Description
Pe";‘;‘i'l‘e“t cov Threshold 12 0 32767 4400 mV | Cell Overvoltage trip threshold
Perrp;li?ent cov Delay Ul 0 255 2 s Cell Overvoltage trip delay
11.3.3 CUDEP—Copper Deposition
Class Subclass Name Type Min Max Default Unit Description
Perr;];?ent CUDEP Threshold 12 0 32767 2500 mV Copper Deposition trip threshold
Perr'lw;?ent CUDEP Delay Ul 0 255 2 s Copper Deposition trip delay
11.3.4 OTCE—Over Temperature Cell
Class Subclass Name Type Min Max Default Unit Description
Perr;]:i?ent OTCE Threshold 12 —400 1500 650 0.1°C Over Temperature Cell trip threshold
Per?;?ent OTCE Delay Ul 0 255 2 5 Over Temperature Cell trip delay
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11.3.5 OTF—Over Temperature FET

Class Subclass Name Type Min Max Default Unit Description
Pe”g;'l’em OTF Threshold 12 —400 1500 1000 0.1°C | Over Temperature FET trip threshold
Perr;l‘:irlwent OTF Delay Ul 0 255 2 S Over Temperature FET trip delay
11.3.6 CB—=Cell Balance
Class Subclass Name Type Min Max Default Unit Description
Perrp:i?em CB Max Threshold 12 0 32767 120 2h Cell Balance max trip threshold
Permanent CB Delta Ul 0 32767 20 2h Cell Balance cell delta trip threshold
Fail Threshold
Perrg;?ent CB Delay Ul 0 255 2 cycles | Cell Balance trip delay
11.3.7 VIMR—Voltage Imbalance at Rest
Class Subclass Name Type Min Max Default Unit Description
Perr;ﬁli?ent VIMR Check Voltage 12 0 5000 3500 mV | Voltage Imbalance at Rest Check Voltage
Perr'lg?ent VIMR Check Current 12 0 32767 10 mA | Voltage Imbalance at Rest Check Current
Permanent Delta .
Fail VIMR Threshold 12 0 5000 200 mV | Voltage Imbalance at Rest trip threshold
Perr;l:i?ent VIMR Delay Ul 0 255 2 s Voltage Imbalance at Rest Check trip delay
Per?;?ent VIMR Duration u2 0 65535 100 s Voltage Imbalance at Rest Check Duration
11.3.8 VIMA—Voltage Imbalance Active
Class Subclass Name Type Min Max Default Unit Description
Perr;l‘:irlwent VIMA Check Voltage 12 0 5000 3700 mV | Voltage Imbalance active Check Voltage
Perr;l:;li?ent VIMA Check Current 12 0 32767 50 mA | Voltage Imbalance active Check Current
Permanent Delta . .
Fail VIMA Threshold 12 0 5000 300 mV | Voltage Imbalance active trip threshold
Perrg:i?ent VIMA Delay U1l 0 255 2 s Voltage Imbalance active Check trip delay
11.3.9 CD—Capacity Degradation
Class Subclass Name Type Min Max Default Unit Description
Perr'?:i?ent CD Threshold 12 0 32767 4200 mAh Capacity Degradation threshold
Perr;ﬁli?ent CD Delay Ul 0 255 2 cycles Capacity Degradation trip delay
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Permanent Fail

11.3.10 CFETF—CHG FET Failure

Class Subclass Name Type Min Max Default Unit Description
Permanent CFETF OFF 12 o | 500 5 mA | CHG FET OFF current trip threshold
Fail Threshold
Pe”;‘;?em CFETF Delay Ul 0 255 2 s CHG FET OFF trip delay
11.3.11 DFET—DFET Failure
Class Subclass Name Type Min Max Default Unit Description
Permanent OFF .
Eail DFETF Threshold 12 -500 0 -5 mA DSG FET OFF current trip threshold
Per?;‘i?em DFETF Delay U1 0 255 2 s DSG FET OFF trip delay
11.3.12 THERM—NTC Thermistor Failure
Class Subclass Name Type Min Max Default Unit Description
Pe”;‘;‘i'l‘e”t THERM ADC Delay U1 0 255 10 s Thermistor fail trip delay
11.3.13 FUSE—FUSE Failure
Class Subclass Name Type Min Max Default Unit Description
Perr'lg?ent FUSE Threshold 12 0 255 5 mA FUSE activation fail trip threshold
Perrg;?ent FUSE Delay Ul 0 255 2 s FUSE activation fail trip delay
11.3.14 AFER—AFE Register
Class Subclass Name Type Min Max Default Unit Description
Perr:;?ent AFER Threshold Ul 0 255 100 counts | AFE Register comparison fail trip threshold
Perrg;?ent AFER Delay Period Ul 0 255 2 s AFE Register comparison fail trip delay
Permanent Compare . . '
Eail AFER Period U1l 0 255 5 s AFE Register comparison compare period
11.3.15 AFEC—AFE Communication
Class Subclass Name Type Min Max Default Unit Description
Perrp:i?ent AFEC Threshold Ul 0 255 100 counts AFE Communication fail trip threshold
Perr::i?ent AFEC Delay Period U1l 0 255 5 s AFE Communication fail trip delay
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11.3.16 2LVL—2nd Level OV

11.4.2

Class Subclass Name Type Min Max Default Unit Description
Perrg;?ent 2LVL Threshold Ul 0 255 2 s 2nd Level Protector trip detection delay
11.3.17 OCECO—Open Cell Connection
Class Subclass Name Type Min Max Default Unit Description
Pe”;’;‘i?em OCECO Threshold U2 0 32767 5000 mV | Open Cell Tab Connection trip threshold
Perrg;?ent OCECO Delay Period Ul 0 255 2 S Open Cell Tab Connection trip delay
11.4 Advanced Charging Algorithm
11.4.1 Temperature Ranges
Class Subclass Name Type Min Max Default Unit Description
Advanced
Charging Teggﬁrztsure T1 11 -128 127 0 T1 low temperature range lower limit
Algorithms 9
Advanced Temperature T2 low temperature range to standard
Charging p T2 1 -128 127 12 p 9
; Ranges temperature range
Algorithms
Advanced Temperature T5 recommended temperature range
Charging Rgn . 5 i1 | -128 | 127 20 oo it p 9
Algorithms 9
Advanced Temperature T6 recommended temperature range
Charging p T6 1 -128 127 25 om| p 9
. Ranges upper limit
Algorithms
Advanced Temperature T3 standard temperature range to high
Charging Ranges 3 1t -128 127 30 temperature range
Algorithms 9 p 9
Advanced Temperature
Charging p T4 11 -128 127 55 T4 high temperature range upper limit
; Ranges
Algorithms
Advanced Temperature Temperature Hysteresis, applied when
Charging Rgn es Hysteresis 1t -128 127 0 tem perature is gjlecreasir; P
Algorithms 9 p 9
Low Temp Charging
Class Subclass Name Type Min Max Default Unit Description
Advanced Low Tem Low temperature range
Charging Charan P Voltage 12 0 32767 3000 mv Charcin p\/olta o0 9
Algorithms ging ging 9
Advanced Low Temp Low temperature range low voltage range
Char_glng Charging Current Low 12 0 32767 132 mA ChargingCurrent()
Algorithms
Advanced Low Temp Low temperature range medium voltage
Charging Chargin Current Med 12 0 32767 352 mA range ChargingCurrent()
Algorithms ging 9 aing
Advanced .
- Low Temp . Low temperature range high voltage
Aclgciri?r:?’r?s Charging Current High 12 0 32767 264 mA range ChargingCurrent()
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11.4.3 Standard Temp Charging

Class Subclass Name Type Min Max Default Unit Description
Advanced Standard
Charging Temp Voltage 12 0 32767 4200 mV gf:rd?r:d\;irll\:eégture range
Algorithms Charging ging 9
Advanced Standard Standard temperature range low voltage
Charging Temp Current Low 12 0 32767 1980 mA e Char irf’ Carrent) 9 g
Algorithms Charging 9 ging
Advanced Standard )
Charging Temp Current Med 12 0 32767 4004 mA fé?tgdaer?afne]pgg:"ﬁ réérLgrreerr:lt(e)dlum
Algorithms Charging g 9 ging
Advanced Standard Standard temperature range high voltage
Charging Temp Current High 12 0 32767 2992 mA P g€ hig 9

. ! range ChargingCurrent()

Algorithms Charging

11.4.4 High Temp Charging

Class Subclass Name Type Min Max Default Unit Description
Advanced . .
: High Temp High temperature range
Charging X Voltage 12 0 32767 4000 mV N
Algorithms Charging ChargingVoltage()
Advanced High Temp High temperature range low voltage range
Charging Chargin Current Low 12 0 32767 1012 mA ChargingCurrent()
Algorithms ging aing
Advanced High Temp High temperature range medium voltage
Charging X Current Med 12 0 32767 1980 mA ¥
Algorithms Charging range ChargingCurrent()
Advanced High Temp High temperature range high voltage
Charging Chargin Current High 12 0 32767 1496 mA range ChargingCurrent()
Algorithms ging 9 ging
11.45 REC Temp Charging
Class Subclass Name Type Min Max Default Unit Description
Advanced
Charging Ff:etfarTeinmp Voltage 12 0 | 32767 4100 mv 5ﬁ;‘r’”|’r:“f/';‘|jt§d é%mpe’at“re range
Algorithms ging ging g
Advanced
- Rec Temp Recommended temperature range low
Charging : Current Low 12 0 32767 2508 mA ’
Algorithms Charging voltage range ChargingCurrent()
Advanced
Charging Rec Tgmp Current Med 12 0 32767 4488 mA Recgmmended temperature range
. Charging medium voltage range ChargingCurrent()
Algorithms
Advanced .
- Rec Temp ’ Recommended temperature range high
Charging - Current High 12 0 32767 3520 mA B
Algorithms Charging voltage range ChargingCurrent()
11.4.6 PCHG
Class Subclass Name Type Min Max Default Unit Description
Advanced
Charging PCHG Current 12 0 32767 88 mA Precharge ChargingCurrent()
Algorithms
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11.4.7 MCHG
Class Subclass Name Type Min Max Default Unit Description
Advanced
Charging MCHG Current 12 0 32767 44 mA Maintenance ChargingCurrent()
Algorithms
11.4.8 Voltage Range
Class Subclass Name Type Min Max Default Unit Description
Advanced : :
Charging Voltage Range Vcc,i?aarglfgw 12 0 32767 2500 mV \F;LT; hir?_ix?gigi range to Charging
Algorithms 9 9 9
Advanced Charging Charging Voltage Low range to Charging
Cha(glng Voltage Range Voltage Med 12 0 32767 3600 mvV Voltage Med range
Algorithms
Advanced Charging Charging Voltage Med to Charging
Charging Voltage Range Voltage High 12 0 32767 4000 mvV Voltage High range
Algorithms 9 9 9 9 9
Advanced . . .
: . Charging Voltage Hysteresis applied when
Cha(glng Voltage Range Hysteresis Ul 0 255 0 mvV voltage is decreasing
Algorithms
11.4.9 Termination Config
Class Subclass Name Type Min Max Default Unit Description
Advanced — . _—
- Termination Charge Term Valid Charge Termination taper current
Charlglng Config Taper Current 12 0 82167 250 mA qualifier threshold
Algorithms
Advanced - . -
- Termination Charge Term Valid Charge Termination delta voltage
Charging Confi Voltage 12 0 32767 5 mv ualifier, max cell based
Algorithms 9 9 q !
11.4.10 Cell Balancing Config
Class Subclass Name Type Min Max Default Unit Description
Advanced Cell Balancing | Balance Time Required balance time per mAh. For
Charging incing u2 0 65535 367 s/mAh information on how to calculate balancing
- Config per mAh cell 0 - )
Algorithms time, see Section 7.5.
Advanced Cell Balancin Balance Time Required balance time per mAh. For
Charging Confi 9 per mAh cell u2 0 65535 514 s/mAh information on how to calculate balancing
Algorithms 9 1-3 time, see Section 7.5.
Advanced Minimum cell voltage delta to start cell
: Cell Balancing Min Start balancing. This condition is checked in
Charging ) Ul 0 255 3 mV - ] T
Algorithms Config Balance Delta relaxatllon state apd is only applies if cell
balancing at rest is enabled.
Advanced Minimum relax time after cell balancing
- Cell Balancing | Relax Balance 42949672 stopped to enable balancing again. This
Charging ) U4 0 18000 s : -
. Config Interval 95 parameter applies to cell balancing at
Algorithms
rest only.
Minimum RelativeStateOfCharge()
Advanced ) ) threshold for cell balancing. This
Charging Cell Bala_ncmg Min RSO.C for Ul 0 100 80 % condition is checked during relaxation
. Config Balancing ] S /
Algorithms and is only applies if cell balancing at rest
is enabled.

11.4.11 Charging Rate of Change
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System Data

Class Subclass Name Type Min Max Default Unit Description
Advanced .
Charging Cl;eflrgwgnthe Current Rate Ul 1 255 1 steps/s gagqrb?r: OCqu:reepnst(;Oszft?n bgtween any 2
Algorithms 9 aing 9
Advanced Charging Rate Number of steps to add between any 2
Cha(gmg of Change Voltage Rate Ul 1 255 1 steps/s ChargingVoltage() settings
Algorithms
11.4.12 Charge Loss Compensation
Class Subclass Name Type Min Max Default Unit Description
Advanced Charge Loss CCC Current CONSTANT CURRENT CHARGE mode
Charging 9 ) 12 0 32767 3520 mA ChargingCurrent() threshold to activate Charge
. Compensation Threshold -
Algorithms Loss Compensation
Acdh";”icrfd Charge Loss | CCC Voltage | |, 0 - 4200 my | CONSTANT CURRENT CHARGE mode max
9ing Compensation Threshold ChargingVoltage() increase limit
Algorithms
11.5 System Data
11.5.1 Manufacturer Data
Class Subclass Name Type Min Max Unit Description
System Data ManufacturerData | Manufacturerinfo S33 Manufacturerinfo() value
Holding place for DF checksum, not modified
System Data ManufacturerData DF Checksum H2 0 FFFF Hex or read by device, for reference only
11.6 SBS Configuration
11.6.1 Data
Class Subclass Name Type Min Max Default Unit Description
SBS Remaining Ah . . .
Configuration Data Cap. Alarm 12 0 32767 300 mAh RemainingCapacityAlarm() value in mAh
SBS Data Remaining Wh 12 0 32767 432 10 mWh | RemainingCapacityAlarm() value in 10 mWh
Configuration Cap. Alarm
.SBS . Data Remaining Time u2 0 65535 10 min RemainingTimeAlarm() value
Configuration Alarm
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Class Subclass Name Type Min Max Default Unit Description
BatteryMode() value
Bit 0: ICC
Internal_Charge_Controller
0 = Function not supported
Bit 1: PBS
Primary_Battery_Support
1 = Primary or Secondary Battery Support
Bit 2: Reserved
Bit 3: Reserved
Bit 4: Reserved
Bit 5: Reserved
Bit 6: Reserved
Bit 7: CF—Condition_Flag
0 = Battery OK
1 = Conditioning cycle requested
Bit 8: CCE—Charge_Controller_Enabled
(RIW)
0 = Internal charge controller disabled
Bit 9: PB—Primary_Battery (R/W)

SBS Initial Battery 0 = Battery operating in its secondary role
Configuration Data Mode H2 0x0000 | OxFFFF 0x81 (default)

1 = Battery operating in its primary role

Bit 10: Reserved

Bit 11: Reserved

Bit 12: Reserved

Bit 13: AM—Alarm Mode (R/W)

0 = Enable Alarm Warning broadcasts to host

and smart battery charger

1 = Disable Alarm Warning broadcasts to host

and smart battery charger

Bit 14: CHGM—Charger_Mode (R/W)

0 = Enable ChargingVoltage() and

ChargingCurrent() broadcasts to host and

smart battery charger

1 = Disable ChargingVoltage() and

ChargingCurrent() broadcasts to host and

smart battery charger

Bit 15: CAPM—Capacity_Mode (R/W)

0 = Report in mA or mAh (default)

1 = Report in 10 mW or 10 mWh
Confisg%?ation Data Design Voltage 12 0 32767 14400 mV DesignVoltage() value

SpecificationInfo() value in the following

format:

Bit 0,1,2,3: Revision

Revision

0,0,0,1 = Version 1.0 and 1.1 (default)

Bit 4,5,6,7: Version

Version

0,0,0,1 = Version 1.0

0,0,1,1 = Version 1.1

SBS Specification 0,0,1,1 = Version 1.1 with optional PEC

Configuration Data Information H2 0x0000 | OxFFFF 0x31 support
Bit 8,9,10,11: VScale
Voltage Scale Factor is not supported by the
firmware. Bits 8—-11 must be set to 0,0,0,0 to
indicate reported voltages are scaled by 1.Bit
12,13,14,15: IPScale
IP Scale Factor is not supported by the
firmware. Bits 12—-15 must be set to 0,0,0,0 to
indicate reported currents and capacities are
scaled by 1.
SBS Manufacturer ManufacturerDate() value in the following
Configuration Data Date U2 0 65535 format:Day + Month*32 + (Year—1980)*256
Confisg?fation Data Serial Number H2 0x0000 | OXFFFF SerialNumber() value
SBS Data Cycle Count u2 0 65535 cycles | CycleCount() value
Configuration
Based on the [CCT] bit setting, the device
uses accumulated discharge of

Confisg%?ation Data %ﬁ?’fe;:tgggt Ul 0 255 90 % FullChargeCapacity() or DesignCapacity() *
(Cycle Count Percentage) to increment
CycleCount()

c SBS . Data Max Error Limit Ul 0 100 100 % MaxError() threshold to set BatteryMode()[CF]

onfiguration
Confisg%?ation Data Design Capacity 12 0 32767 4400 mAh DesignCapacity() value in mAh
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SBS Configuration

Class Subclass Name Type Min Max Default Unit Description
SBS ; ; . . .
Configuration Data Design Capacity 12 0 32767 6336 10 mWh | DesignCapacity() value in 10 mWh
SBS Manufacturer
Configuration Data Name S21 ManufacturerName() value
SBS Data Device Name S21 DeviceName() value
Configuration
SBS Data Device Chemistry | S5 DeviceChemistry() value
Configuration
11.6.2 FD
Class Subclass Name Type Min Max Default Unit Description
SBS Set Voltage BatteryStatus()[FD] cell voltage set
Configuration FD Threshold 12 0 5000 8000 mv threshold
SBS Clear Voltage BatteryStatus()[FD] cell voltage clear
Configuration FD Threshold 12 0 5000 8100 mv threshold
SBS Set RSOC % o BatteryStatus()[FD]JRemainingStateOfChar
Configuration FD Threshold vl 0 100 0 % ge() set threshold
SBS Clear RSOC % o BatteryStatus()[FD]RemainingStateOfChar
Configuration FD Threshold vl 0 100 5 % ge() clear threshold
11.6.3 FC
Class Subclass Name Type Min Max Default Unit Description
SBS Configuration FC S.ﬁ: Voltage 12 0 5000 4200 mvV BatteryStatus()[FC] cell voltage set threshold
reshold
SBS Configuration FC Cl_il_ésrre\gﬁléijge 12 0 5000 4100 mvV BatteryStatus()[FC] cell voltage clear threshold
. . Set RSOC % BatteryStatus()[FC]RemainingStateOfCharge() set
SBS Configuration FC Threshold Ul 0 100 100 % threshold
SBS Configuration FC Clear RSOC % u1 o 100 95 % BatteryStatus()[FC] RemainingStateOfCharge()

Threshold

clear threshold

11.6.4

TDA

Per the Smart Battery Data Specification 1.1, TDA

is only active while discharging.

Class Subclass Name Type Min Max Default Unit Description
SBS Configuration TDA Sﬁ:r\égﬁg‘ﬁf 12 0 5000 3200 mv BatteryStatus()[TDA] cell voltage set threshold
SBS Configuration TDA Cl$srre\gglct)la[jge 12 0 5000 3300 mvV BatteryStatus()[TDA] cell voltage clear threshold
SBS Configuration TDA Set RSOC % U1 o 100 10 % BatteryStatus()[TDA] RemainingStateOfCharge()
Threshold set threshold
S —
SBS Configuration TDA Clear RSOC % U1 0 100 15 % BatteryStatus()[TDA] RemainingStateOfCharge()

Threshold

clear threshold

11.6.5

TCA

Per the Smart Battery Data Specification 1.1, TCA is only active while charging.

Class Subclass Name Type Min Max Default Unit Description
SBS Configuration TCA S.ﬁ;f:g::s%e 12 0 5000 4200 mV BatteryStatus()[TCA] cell voltage set threshold
SBS Configuration TCA Cl?ﬁrre\gﬁgi‘ge 12 0 5000 4100 mV BatteryStatus()[TCA] cell voltage clear threshold
5 —
SBS Configuration TCA Set RSOC % U1 o 100 100 % BatteryStatus()[TCA] RemainingStateOfCharge()
Threshold set threshold
o —
SBS Configuration TCA Clear RSOC % U1 o 100 95 % BatteryStatus()[TCA] RemainingStateOfCharge()
Threshold clear threshold
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11.6.6 Max Error

Class Subclass Name Type Min Max Default Unit Description
After a valid QMAX update, each passed time period of
Time Cycle Equivalent increments of MaxError() by Cycle
Time Cycle Delta. Time Cycle Equivalent is provided for packs that
SBS Configuration | Max Error E uivaf:ent U1l 0 255 12 2h may not get frequent QMAX updates such as stand-by
a batteries. Time Cycle Equivalent increments Max Error by
0.05% for every Time Cycle Equivalent time period
following the last QMAX update.
X . Each increment of CycleCount() after valid QMAX update
SBS Configuration | Max Error Cycle Delta Ul 0 255 5 0.01% will increment of MaxError() by Cycle Delta
11.7 Lifetimes
11.7.1 Voltage
Class Subclass Name Type Min Max Default Unit Description
Lifetimes Voltage Max Voltage Cell 0 Ul 0 255 0 20 mvV Maximum reported cell voltage O
Lifetimes Voltage Max Voltage Cell 1 Ul 0 255 0 20 mV Maximum reported cell voltage 1
Lifetimes Voltage | Max Voltage Cell 2 U1l 0 255 0 20 mVv Maximum reported cell voltage 2
Lifetimes Voltage Max Voltage Cell 3 U1l 0 255 0 20 mvV Maximum reported cell voltage 3
Lifetimes Voltage Min Voltage Cell 0 Ul 0 255 255 20 mvV Minimum reported cell voltage 0
Lifetimes Voltage Min Voltage Cell 1 Ul 0 255 255 20 mv Minimum reported cell voltage 1
Lifetimes Voltage Min Voltage Cell 2 Ul 0 255 255 20 mVvV Minimum reported cell voltage 2
Lifetimes Voltage Min Voltage Cell 3 Ul 0 255 255 20 mV Minimum reported cell voltage 3
Lifetimes Voltage Max Delta Cell Ul 0 255 0 20 mV Maximum reported delta between cell
Voltage voltages 0 to 3
11.7.2 Current
Class Subclass Name Type Min Max Default Unit Description
Lifetimes Current Max Chg Current Ul 0 255 0 200 mA '(\j’.'ax'“.“”m reported Current() in charge
irection
Lifetimes | Current | Max DSG Current | U1 0 255 0 200 mA m:(é?ounm reported Current() in discharge
e Max Avg DSG Maximum reported AverageCurrent() in
Lifetimes Current Current Ul 0 255 0 200 mA discharge direction
e Max Avg DSG Maximum reported Power in discharge
Lifetimes Current Power U1l 0 255 0 W direction
11.7.3 Safety Events
Class Subclass Name Type Min Max Default Unit Description
Lifetimes Safety No of COV Ul 0 255 0 8 events | Total number of SafetyStatus()[COV] events
Events Events
e Safety Last COV Last SafetyStatus()[COV] event in
Lifetimes Events Event U1 0 255 0 4 cycles CycleCount() cycles
e Safety No of CUV
Lifetimes Events Events Ul 0 255 0 8 events | Total number of SafetyStatus()[CUV] events
Lifetimes Safety Last CUV U1 0 255 0 4 cycles Last SafetyStatus()[CUV] event in
Events Event CycleCount() cycles
Lifetimes Safety No of OCD1 U1l 0 255 0 8 events Total number of SafetyStatus()[OCD1]
Events Events events
Lifetimes Safety Last OCD1 Ul 0 255 0 4 cycles Last SafetyStatus()[OCD1] event in
Events Event CycleCount() cycles
Lifetimes Safety No of OCD2 Ul 0 255 0 8 events Total number of SafetyStatus()[OCD2]
Events Events events
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Class Subclass Name Type Min Max Default Unit Description
- Safety Last OCD2 Last SafetyStatus()[OCD2] event in
Lifetimes Events Event U1 0 255 0 4 cycles CycleCount() cycles
e Safety No of OCC1 Total number of SafetyStatus()[OCC1]
Lifetimes Events Events Ul 0 255 0 8 events events
e Safety Last OCC1 Last SafetyStatus()[OCC1] event in
Lifetimes Events Event U1 0 285 0 4 cycles CycleCount() cycles
Lifetimes Safety No of OCC2 U1l 0 255 0 8 events Total number of SafetyStatus()[OCC2]
Events Events events
Lifetimes Safety Last OCC2 U1 0 255 0 4 cycles Last SafetyStatus()[OCC2] event in
Events Event CycleCount() cycles
Lifetimes Safety No of OLD U1 0 255 0 8 events | Total number of SafetyStatus()[OLD] events
Events Events
e Safety Last OLD Last SafetyStatus()[OLD] event in
Lifetimes Events Event U1 0 255 0 4 cycles CycleCount() cycles
. Safety No of SCD
Lifetimes Events Events Ul 0 255 0 8 events | Total number of SafetyStatus()[SCD] events
e Safety Last SCD Last SafetyStatus()[SCD] event in
Lifetimes Events Event U1 0 285 0 4 cycles CycleCount()cycles
Lifetimes Safety No of SCC U1l 0 255 0 8 events | Total number of SafetyStatus()[SCC] events
Events Events
Lifetimes Safety Last SCC U1 0 255 0 4 cycles Last SafetyStatus()[SCC] event in
Events Event CycleCount() cycles
Lifetimes Safety No of OTC U1 0 255 0 8 events | Total number of SafetyStatus()[OTC] events
Events Events
e Safety Last OTC Last SafetyStatus()[OTC] event in
Lifetimes Events Event U1 0 255 0 4 cycles CycleCount() cycles
. Safety No of OTD
Lifetimes Events Events Ul 0 255 0 8 events | Total number of SafetyStatus()[OTD] events
e Safety Last OTD Last SafetyStatus()[OTD] event in
Lifetimes Events Event U1 0 285 0 4 cycles CycleCount() cycles
Lifetimes Safety No of OTF U1l 0 255 0 8 events | Total number of SafetyStatus()[OTF] events
Events Events
Lifetimes Safety Last OTF U1 0 255 0 4 cycles Last SafetyStatus()[OTF] event in
Events Event CycleCount() cycles
11.7.4 Charging Events
Class Subclass Name Type Min Max Default Unit Description
Safety No of Valid
Lifetimes Events Charge Ul 0 255 0 8 events | Total number of valid charge termination events
Terminations
Last Valid ’ AT
Lifetimes S\?éité Charge U1l 0 255 0 4 cycles I(;a;te\;alld charge termination in CycleCount()
Termination 4
11.7.5 Gauging Events
Class Subclass Name Type Min Max Default Unit Description
e Gauging No of QMAX )
Lifetimes Events Updates Ul 0 255 0 8 events | Total number of GaugingStatus()[QMAX] toggles
- Gauging Last QMAX The CycleCount() cycles made at the last event of
Lifetimes Events Update Ul 0 255 0 4 cycles GaugingStatus()[QMAX] update
e Gauging No of RA .
Lifetimes Events Updates U1l 0 255 0 8 events | Total number of GaugingStatus()[RX] toggles
Lifetimes Gauging Last RA Update U1l 0 255 0 4 cycles Last GaugingStatus()[RX] toggle in CycleCount()
Events cycles
Lifetimes Gauging NO. of RA Ul 0 255 0 8 events | Total number of GaugingStatus()[RU] = 0 events
Events Disable
e Gauging ) The CycleCount() cycles of the last update event
Lifetimes Events Last RA Disable U1 0 255 0 4 cycles of GaugingStatus([RU] = 1
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11.7.6 Power Events

Class Subclass Name Type Min Max Default Unit Description
Lifetimes Power No of Ul 0 255 0 events | Total number of Shutdown events
Events Shutdowns
11.7.7 Cell Balancing
Class Subclass Name Type Min Max Default Unit Description
Lifetimes Celll CB Time Cell U1l 0 255 0 oh Total performed cell balancing bypass
Balancing 0 time cell 0
Lifetimes CeIIl CB Time Cell U1l 0 255 0 on Total performed cell balancing bypass
Balancing 1 time cell 1
Lifetimes CeII_ CB Time Cell U1l 0 255 0 oh 'I_'otal performed cell balancing bypass
Balancing 2 time cell 2
i Cell CB Time Cell Total performed cell balancing bypass
Lifetimes Balancing 3 U1 0 255 0 2h time cell 3
11.7.8 Temperature
Class Subclass Name Type Min Max Default Unit Description
Lifetimes Temperature Maé;ﬁmp 11 -128 127 -128 °C Maximum reported cell temperature
Lifetimes Temperature | Min Temp Cell 11 -128 127 127 °C Minimum reported cell temperature
Lifetimes Temperature Max Delta " _128 127 0 oC MaX|mum repor?ed temperature delta for
Temp Cell TSx inputs configured as cell temperature
e Max Temp Int o Maximum reported internal temperature
Lifetimes Temperature Sensor 11 -128 127 -128 C sensor temperature
e Min Temp Int . o Minimum reported internal temperature
Lifetimes Temperature Sensor 11 128 127 127 C sensor temperature
Lifetimes Temperature Ma>'<:l1z'$mp 11 -128 127 -128 °C Maximum reported FET temperature
11.7.9 Time
Class Subclass Name Type Min Max Default Unit Description
Lifetimes Time TotSLfr:;?;]v(\;are u2 0 65535 0 2h Total firmware runtime between resets
Lifetimes Time Time S_ﬁ’_em n U2 0 65535 0 2h Total firmware runtime spent below T1
s ) Time Spent in Total firmware runtime spent between
Lifetimes Time LT u2 0 65535 0 2h T1 and T2
I ) Time Spent in Total firmware runtime spent between
Lifetimes Time STL U2 0 65535 0 2h T2 and T5
I ) Time Spent in Total firmware runtime spent between
Lifetimes Time RT u2 0 65535 0 2h 15 and 6
_— ) Time Spent in Total firmware runtime spent between
Lifetimes Time STH u2 0 65535 0 2h 16 and T3
. ) Time Spent in Total firmware runtime spent between
Lifetimes Time HT u2 0 65535 0 2h T3 and T4
Lifetimes Time Time Sfl’_em n u2 0 65535 0 2h Total firmware runtime spent above T6

11.8 Settings

11.8.1 Fuse
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Class Subclass Name Type Min Max Default Description

Bit 0: CUV—Cell undervoltage fuse activation

0 = Disabled

1 = Enabled (default)

Bit 1: COV—Cell overvoltage fuse activation

0 = Disabled

1 = Enabled (default)

Bit 2: CUDEP —Copper Deposition fuse activation
0 = Disabled

1 = Enabled (default)

Bit 3: Reserved

Bit 4: PF_OTCE—Overtemperature fuse activation
0 = Disabled

1 = Enabled (default)

Bit 5: Reserved

Bit 6: OTF—Overtemperature FET fuse activation

0 = Disabled

1 = Enabled (default)

Bit 7: QIM—QMAX Imbalance fuse activation

. Permanent Fail 0 = Disabled

Settings Fuse Fuse 0-15 H2 0x0000 OxFFFF 0 1 = Enabled (default)
Bit 8: CB—Cell balancing fuse activation

0 = Disabled

1 = Enabled (default)

Bit 9: IMP—Cell impedance fuse activation

0 = Disabled

1 = Enabled (default)

Bit 10: CD—Capacity Deterioration fuse activation

0 = Disabled

1 = Enabled (default)

Bit 11: VIMR—Voltage imbalance at Rest fuse activation
0 = Disabled

1 = Enabled (default)

Bit 12: VIMA—Voltage imbalance at Rest fuse activation
0 = Disabled

1 = Enabled (default)

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved

Bit 0: CFETF—Charge FET

0 = Disabled

1 = Enabled (default)

Bit 1: DFETF—Discharge FET

0 = Disabled

1 = Enabled (default)

Bit 2: THERM—Thermistor

0 = Disabled

1 = Enabled (default)

Bit 3: Reserved

Bit 4: AFE_PAFE Register

0=nla

1 = Enabled (default)

Bit 5: AFE_CAFE Communication

0 = Disabled

Permanent Fail 1 = Enabled (default)

Settings Fuse H2 0x0000 OXFFFF 0 Bit 6: 2LVL—FUSE input indicating fuse trigger by
Fuse 16-32 .

external 2nd level protection

0 = Disabled

1 = Enabled (default)

Bit 7: Reserved

Bit 8: Reserved

Bit 9: OCECO—Open VCx

0=nla

1 = Enabled (default)

Bit 10: DFW—DF wear out

0=nla

1 = Enabled (default)

Bit 11: Reserved

Bit 12: Reserved

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved

Min Fuse Blow Minimum voltage required to attempt fuse blow, pack

Settings Fuse Voltage 12 0 32767 8000 based, FET failures bypass this requirement to blow the
fuse.

11.8.2 Manufacturing
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Class

Subclass

Name

Type

Min

Default Description

Settings

Manufacturing

Manufacturing
Status

H2

0x0000

OXFFFF

Bit 0: PCHG_EN—PCHG Function, only available with FET
=0

0 = Disabled

1 = Enabled

Bit 1: CHG_EN—CHG FET, only available with FET =0
0 = Disabled

1 = Enabled

Bit 2: DSG_ENDSG FET, only available with FET =0

0 = Disabled

1 =Enabled

Bit 3: GAUGE_EN—Gauging

0 = Disabled

1 = Enabled (default)

Bit 4: FET_EN—FET action

0 = Disabled

1 = Enabled (default)

Bit 5: LF_EN—Lifetime data collection

0 = Disabled

1 = Enabled (default)

0x8000 Bit 6: PF_EN—Permanent Fail

0 = Disabled

1 = Enabled (default)

Bit 7: BBR_EN—BIlack Box Recorder
0 = Disabled

1 = Enabled (default)

Bit 8: FUSE_EN—FUSE action

0 = Disabled

1 = Enabled (default)

Bit 9: RSVD

0 = Disabled

1 = Enabled (default)

Bit 10: Reserved

Bit 11: Reserved

Bit 12: Reserved

Bit 13: Reserved

Bit 14: Reserved

Bit 15: CAL_EN—ADC or CC output on ManufacturerData()
0 = Disabled

1 = Enabled (default)

11.8.3 Protection

Class

Subclass

Name

Type

Min

Max

Default

Description

Settings

Protection

Enabled
Protections 0-15

H2

0x0000

OXFFFF

OXFFFF

Bit 0: CUV—Cell Undervoltage

0 = Disabled

1 = Enabled (default)

Bit 1: COV—Cell Overvoltage

0 = Disabled

1 = Enabled (default)

Bit 2: OCC1—Overcurrent in Charge 1st Tier
0 = Disabled

1 = Enabled (default)

Bit 3: OCC2—Overcurrent in Charge 2nd Tier
0 = Disabled

1 = Enabled (default)

Bit 4: OCD1—Overcurrent in Discharge 1st Tier
0 = Disabled

1 = Enabled (default)

Bit 5: OCD2—Overcurrent in Discharge 2nd Tier
0 = Disabled

1 = Enabled (default)

Bit 6: AOLD—Overload in Discharge

0 = Disabled

1 = Enabled (default)

Bit 7: AOLDL—Overload in Discharge latch
0 = Disabled

1 = Enabled (default)

Bit 8: ASCC—Short circuit in charge

0 = Disabled

1 = Enabled (default)

Bit 9: ASCCL—Short circuit in charge latch

0 = Disabled

1 = Enabled (default)

Bit 10: ASCD—Short circuit in discharge

0 = Disabled

1 = Enabled (default)

Bit 11: ASCDL—Short circuit in discharge latch
0 = Disabled

1 = Enabled (default)

Bit 12: OTC—Overtemperature in charge

0 = Disabled

1 = Enabled (default)

Bit 13: OTD—Overtemperature in discharge
0 = Disabled

1 = Enabled (default)

Bit 14: Reserved

Bit 15: Reserved
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Class Subclass Name Type Min Max Default Description

Bit 0: OTF—FET overtemperature

0 = Disabled

1 = Enabled (default)

Bit 1: HWDF—SBS Host watchdog timeout
0 = Disabled

1 = Enabled (default)

Bit 2: PTO—Precharging timeout

0 = Disabled

1 = Enabled (default)

Bit 3: PTOS—Precharging timeout suspend
0 = Disabled

1 = Enabled (default)

Bit 4: CTO—Charging timeout

0 = Disabled

1 = Enabled (default)

Bit 5: CTOS—Charging timeout suspend

. Enabled 0 = Disabled

Settings Fuse Protections 1632 H2 0x0000 OXFFFF OXFFFF 1 = Enabled (default)
Bit 6: OC—Overcharge

0 = Disabled

1 = Enabled (default)

Bit 7. CHGC—ChargingCurrent() higher than requested
0 = Disabled

1 = Enabled (default)

Bit 8: CHGV—ChargingVoltage() higher than requested
0 = Disabled

1 = Enabled (default)

Bit 9: Reserved

Bit 10: Reserved

Bit 11: Reserved

Bit 12: Reserved

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved
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11.8.4 Permanent Failure

Class Subclass Name

Type

Min

Max

Default

Description

Permanent Enabled PF

Settings Failure 0-15

H2

0x0000

OXFFFF

OXFFFF

Bit 0: CUV—Cell undervoltage

0 = Disabled

1 = Enabled (default)

Bit 1: COV—cCell overvoltage

0 = Disabled

1 = Enabled (default)

Bit 2: CUDEP—Copper Deposition
0 = Disabled

1 = Enabled (default)

Bit 3: Reserved

Bit 4: PF_OTCE—Overtemperature
0 = Disabled

1 = Enabled (default)

Bit 5: Reserved

Bit 6: OTF—Overtemperature FET
0 = Disabled

1 = Enabled (default)

Bit 7: QIM—QMAX Imbalance

0 = Disabled

1 = Enabled (default)

Bit 8: CB—Cell balancing

0 = Disabled

1 = Enabled (default)

Bit 9: IMP—Cell impedance

0 = Disabled

1 = Enabled (default)

Bit 10: CD—Capacity Degradation
0 = Disabled

1 = Enabled (default)

Bit 11: VIMR—Voltage imbalance at Rest
0 = Disabled

1 = Enabled (default)

Bit 12: VIMA—Voltage imbalance at Rest
0 = Disabled

1 = Enabled (default)

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved

Enabled PF
16-32

Permanent

Settings Failure

H2

0x0000

OXFFFF

OXFFFF

Bit 0: CFETF—Charge FET
0 = Disabled

1 = Enabled (default)

Bit 1: DFET—Discharge FET
0 = Disabled

1 = Enabled (default)

Bit 2: THERM—Thermistor
0 = Disabled

1 = Enabled (default)

Bit 3: FUSE—Fuse

0 = Disabled

1 = Enabled (default)

Bit 4: AFER—AFE Register
0=n/a

1 = Enabled (default)

Bit 5: AFEC—AFE Communication
0 = Disabled

1 = Enabled (default)

Bit 6: 2LVL—FUSE input indicating fuse trigger by external 2nd
level protection

0 = Disabled

1 = Enabled (default)

Bit 7: Reserved

Bit 8: Reserved

Bit 9: OCECO—Open VCx
0=n/a

1 = Enabled (default)

Bit 10: DFW—DF wearout
0=nl/a

1 = Enabled (default)

Bit 11: Reserved

Bit 12: Reserved

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved

11.8.5 Configuration

11.8.5.1 Protection Configuration
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Settings

Class Subclass Name

Type

Min

Max

Default

Description

Protection

Settings Configuration

Configuration

H1

0x00

OxFF

0x01

Bit 0: Reserved
Bit 1: CUV_RECOV_CHG require charge current to recover CUV
and CUVC

0 = disable

1 =enable

Bit 2: Reserved
Bit 3: Reserved
Bit 4: Reserved
Bit 5: Reserved
Bit 6: Reserved
Bit 7: Reserved

11.8.5.2 Temperature Configuration

Class Subclass Name

Type

Min

Max

Default

Description

Temperature

Settings Configuration

Configuration

H2

0x0000

OXFFFF

0x0087

Bit O: Internal TS enable—Internal

0 = Disable internal TS (default)

1 = Enable internal TS

Bit 1: TS1 enable—TS1

0 = Disable TS1

1 = Enable TS1 (default)

Bit 2: TS2 enable—TS2

0 = Disable TS2

1 = Enable TS2 (default)

Bit 3: Reserved

Bit 4: Reserved

Bit 5: Internal TS Mode—Cell temp or FET temp
0 = Cell temp (default)

1=FET temp

Bit 6: TS1 Mode—Cell temp or FET temp

0 = Cell temp (default)

1=FET temp

Bit 7: TS2 Mode—Cell temp or FET temp

0 = Cell temp

1 = FET temp (default)

Bit 8: Reserved

Bit 9: Reserved

Bit 10: CTEMP—Cell Temperature protection source
0 = MAX (default)

1 = Average

Bit 11: FTEMP—FET Temperature protection source
0 = Max (default)

1 = Average

Bit 12: OTFET—Overtemperature FET action
0 = FET action (default)

1 = FET action disabled

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved

11.8.5.3 Charging Configuration

Class Subclass Name

Type

Default

Description

Charging

Settings Configuration

Configuration

0x00

OxFF

Bit 1, 0: PCHG1, PCHGO

Precharge method

0, 0 = internal Precharge FET (not a valid option for bq30z554-
R1)

0, 1 = CHG FET (default)

1, 0 = GPOD pin

1, 1 = Precharge disabled

Bit 2: Reserved

Bit 3: CHGSU—FET action in charge suspend mode

0 = FET active (default)

1 = Charging and Precharging disabled, FETs off

Bit 4: CHGIN—FET action in charge inhibit mode

0 = FET active (default)

1 = Charging and Precharging disabled, FETs off

Bit 5: CHGFET—FET action on terminate charge alarm (TCA)
0 = FET active (default)

1 = Charging and Precharging disabled, FET off

Bit 6: CCC—Constant Current Mode Loss Compensation
0 = Disabled (default)

1 = ChargingVoltage() and ChargingCurrent() values are
compensated for voltage drop

Bit 7: Reserved
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11.8.5.4 System Configuration

Class

Subclass

Name

Type

Min

Default

Description

Settings

Configuration

System
Configuration

H2

0x0000

OXFFFF

0x0032

Bit 1,0: CC1, CCO

Cell Count

0,0 = Reserved

0,1=2cell

1,0 =3 cell

1,1 = 4 cell (default)

Bit 2: NR Use PRES in system detection.
0 = Use PRES, removable mode (default).
1 = Non-removable mode

Bit 3: SLEEPCHG—CHG FET enabled during sleep
0 = CHG FET off during sleep (default)

1 = CHG FET remains on during sleep
Bit 4: SLEEP—SLEEP mode

0 = Disable SLEEP mode

1 = Enable SLEEP mode (default)

Bit 5: CB—Cell balancing

0 = Disabled cell balancing

1 = Enable cell balancing (default)

Bit 6: CBM—Cell balancing method

0 = Internal cell balancing (default)

1 = External cell balancing

Bit 7: CBR—Cell balancing at rest

0 = Disable cell balancing at rest (default)
1 = Enable cell balancing at rest

Bit 8: SHIPDSG—

0 = Disable

1 = Enable

Bit 9: OFFSW—Used for earlier versions of emergency shutdown
feature

0 = Disable

1 = Enable

Bit 10: MFC—Manual FET Control

0 = Disable Manual FET Control (default)
1 = Enable Manual FET Control

Bit 11: Reserved

Bit 12: Reserved

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved

11.8.5.5 Gauging Configuration
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Class Subclass Name Type Min Max Default Description
Bit 0: CCT—Cycle count threshold
0 = use CC % of DesignCapacity() (default)
1 = use CC % of FullChargeCapacity()
Bit 1: CSYNC
Sync RemainingCapacity() with FullChargeCapacity() at valid
charge termination
0 = RemainingCapacity() is not synchronized
1 = RemainingCapacity() is synchronized (default)
Bit 2: RSOCL—RelativeStateOfCharge() and RemainingCapacity()
behavior at end of charge
0 = actual value shown (default)
1 = held at 99% until valid charge termination. On entering valid
charge termination update to 100%
Bit 3:Reserved
Bit 4: LOCKO—Keep RemainingCapacity() and
RelativeStateOfCharge() jumping back during relaxation after 0
and FD are reached during discharge.
0 = Disabled (default)
1 = Enabled
Bit 5: SMOOTH— Run RemainingCapacity() through a low-pass
filter to smooth out jumps at grid point updates, charge
termination, and self-discharge adjustments made in relax mode.
Smoothing is bypassed at the end of discharge when EDV is
reached. Run FullCapacity() through a low-pass filter to smooth
out jumps at charge termination and adjustments made in relax
mode. Sample settings and associated low-pass filter time
constants are in Table C-1. This smoothing feature uses the
following formula updated every 1 second.
Gauging xfilter_(k) = a*xfilter_(k-1) + (1-a)*xadc_k,
Settings Configuration Confi : H2 0x00 OxFF 0x1FDA where: xfilter_(k): the new filtered value
onfiguration N X . !
xfilter_(k—1): the previously calculated filter value
xadc_k: is the actual sample value
a: filter constant
As such, some lag may be observed between charge/discharge
current and RemainingCapacity() changes.
The SMOOTH function introduces some delays in IT simulation. It
could mask out the ReservedCapacity setting if the capacity
setting value is too small. If ReservedCapacity is desired, the user
should consider using lower filter time, or increase the
ReservedCapacity setting as compensation. The additional
amount to compensate can be calculated as follows:
Additional ReservedCap(mAH) = AverageLoadCurrent(mA) x
SmoothFilterSetting(sec)/3600
0 = Disabled (default)
1 = Enabled
Bit 6: OCVFR—OCYV look up disabled in flat region during charge
until charged above flat region. Enabled again after Min Relax
Time after Charge
0 = Disabled
1 = Enabled (default)
Bit 7. DODOEW—DODO error weighting, calculates new DODO
values from the newly read value and the previous value using
their respective errors. DODO readings have an associated error
based on elapsed time since reading, conditions at time of reading
(reset, charge termination, etc), temperature, amount of relaxation
at time of reading, etc. The feature provides more accurate DODO
points. It was introduced in the bq30z554-R1 device.
0 = Disabled
1 = Enabled (default)
Bit 8: LFP_RELAX, LiFePO4 chemistry has a unique slow
relaxation near full charge. Detailed, in-house test data suggests
that the relaxation after a full charge takes a few days to settle.
The slow decaying voltage causes RSOC to continue to drop
every 5 hours. Depending on the full charge taper current, the fully
settled voltage could be close to or even below FlatVoltMax in
some cases. For chemID 4xx (LiFePO4) series, the condition to
exit the long relax mode is: the pack had previously charged to full
or near full state, and then either a significant long relaxation or a
non-trivial discharge has happened, such that when in relaxation,
the OCV < FlatVoltMax.
With the above, QMAX update is disabled because dod will not be
. N . Gauging taken as long as it is in LFP_relax mode. By the time the gas
Settings Configuration Configuration H2 0x00 OxFF OX1FDA gauge exits the LFP_relax mode, the OCV is already in the flat
zone. So QMAX update takes an alternative approach: Once full
charge occurs (FC bit set), dod0O=Dod_at_EOC is automatically
assigned and valid for QMAX update; VOK is set if there is no
QMAX update, or if QMAX is updated, VOK is cleared. The dod
error as a result of this action is zero or negligible because in the
LiFePO4 table, OCV voltage corresponding to dod=0 is much
lower. If LFP_RELAX is set, the firmware automatically enables
the feature upon detecting that the chemistry is 4xx series. If clear,
the feature is disabled.
Lithium Iron Phosphate Relax
0 = Disabled (default)
1 = Enabled
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Class Subclass Name

Type

Min

Max

Default

Description

Gauging

Settings Configuration

Configuration

H2

0x00

OxFF

O0x1FDA

Bit 9: RSOC_CONYV, addresses the convergence of RemCap to 0
at low temperatures and very high rates which may not be
satisfactory because of the high granularity of resistance grids.

If termination voltage is reached in DOD region with 10% grid
interval or at the moment where voltage / SOC dependency is flat,
error can be large. Fast resistance scaling will apply a scale factor
to resistance in RemCap simulations leading up to 0. This scale
factor is computed from actively measured resistance during the
discharge. This measured resistance is an active number and may
not be used for an Ra update.

RSOC, fast resistance scaling

0 = Disabled

1 = Enabled (default)

Bit 10: FAST_QMAX_LRN, Fast QMAX learning: eliminates
previously required relaxation periods, to use enable IT with
perfectly relaxed cells ~50% RSOC (37% minimum), discharge to
empty, QMAX will be learned when discharge stops.

Fast QMAX learning, during discharge when update status is 6.
Update status changes to 11 if fast learning is successful.

0 = Disabled

1 = Enabled (default)

Bit 11: Reserved

Bit 12: RSOC_HOLD, prevents RSOC rise during discharge.
RSOC will be held until calculated value falls below actual state.

0 = Disabled (default)

1 = Enabled

Bit 13: TDELTAV,

0 = Enable use of DF.Delta Voltage learned as maximal difference
between instantaneous and average voltage. (default)

1 = Enable calculating DeltaVoltage that corresponds to power
spike defined in DF.Min Turbo Power.

Bit 14: Reserved

Bit 15: Reserved

11.8.5.6 SBS Configuration

Class Subclass Name

Type

Max

Default

Description

Settings Configuration | SBS Configuration

H1

0x00

OxFF

0x20

Bit 0: BCAST—Enable alert and charging broadcast from device to
host

0 = Disabled (default)

1 = Enabled

Bit 1: CPE—PEC on charger broadcast
0 = Disabled (default)

1 = Enabled

Bit 2: HPE—PEC on host communication
0 = Disabled (default)

1 = Enabled

Bit 3: XL

Enable 400-kHz com mode

0 = Normal SBS bus speed (default)

1 = 400-kHz bus speed

Bit 5,4: BLT1, BLTO—Bus low timeout
0,0 = no SBS bus low timeout

0,1 = 1-s SBS bus low timeout

1,0 = 2-s SBS bus low timeout (default)
1,1 = 3-s SBS bus low timeout

Bit 6: SmbErrorReset

0 = Disabled (default)

1 = Enabled

Bit 7: Reserved

SBS Data Config
16-32

H1

0x00

OxFF

OxFF

Bit 0: FDSETV—Enable FD flag set by cell voltage threshold
0 = Disabled

1 = Enabled (default)

Bit 1: FDCLEARV—Enable FD flag clear by cell voltage threshold
0 = Disabled

1 = Enabled (default)

Bit 2: FDSETRSOC—Enable FD flag set by RSOC threshold
0 = Disabled

1 = Enabled (default)

Bit 3: FDCLEARRSOC—Enable FD flag clear by RSOC threshold
0 = Disabled

1 = Enabled (default)

Bit 4: FCASETV—Enable FC flag set by cell voltage threshold
0 = Disabled

1 = Enabled (default)

Bit 5: FCACLEARV—Enable FC flag clear by cell voltage
threshold

0 = Disabled

1 = Enabled (default)

Bit 6: FCASETRSOC—Enable FC flag set by RSOC threshold
0 = Disabled

1 = Enabled (default)

Bit 7. FCACLEARRSOC—Enable FC flag clear by RSOC
threshold

0 = Disabled

1 = Enabled (default)
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11.8.5.7 SBS Data Configuration
Class Subclass Name Type Min Max Default Description
Bit 0: TDASETV—Enable TDA flag set by cell voltage threshold
0 = Disabled

Settings Configuration

threshold
0 = Disabled
SBS Data Config 1 = Enabled (default)
0-15 H2 | 0x0000 | OxFFFF OXOCAF | Bit 6: TCASETRSOC—Enable TCA flag set by RSOC threshold
0 = Disabled

1 = Enabled (default)

Bit 1: TDACLEARV—Enable TDA flag clear by cell voltage
threshold

0 = Disabled

1 = Enabled (default)

Bit 2: TDASETRSOC—Enable TDA flag set by RSOC threshold
0 = Disabled

1 = Enabled (default)

Bit 3: TDACLEARRSOC—Enable TDA flag clear by RSOC
threshold

0 = Disabled

1 = Enabled (default)

Bit 4: TCASETV—Enable TCA flag set by cell voltage threshold
0 = Disabled

1 = Enabled (default)

Bit 5: TCACLEARV—Enable TCA flag clear by cell voltage

1 = Enabled (default)

Bit 7: TCACLEARRSOC—Enable TCA flag clear by RSOC
threshold

0 = Disabled

1 = Enabled (default)

Bit 8: Reserved

Bit 9: Reserved

Bit 10: FCSETVCT—Enable FC flag set on valid charge
termination

0 = Disabled

1 = Enabled (default)

Bit 11: TCASETVCT—Enable TCA flag set on valid charge
termination

0 = Disabled

1 = Enabled (default)

Bit 12: Reserved

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved

11.8.6 AFE

Class Subclass

Name Type Min Max Default Description

Settings AFE

AFE state after device start up
Bit 0: Reserved
Bit 1: Reserved
Bit 2: Reserved
Bit 3: Reserved
Bit 4: RSNS
Divide OLD, SCC, SDC1 and SCD2 voltage
AFE State thresholds by 2
Control H1 0x00 OxFF 0 0 = Disabled (default)
1 = Enabled
Bit 5: SCDDx2
Double SCD1 and SCD2 delay thresholds
0 = Disabled (default)
1 = Enabled
Bit 6: Reserved
Bit 7: Reserved

11.9 Power

11.9.1 Power

Class Subclass

Name Type Min Max Default Unit Description

Power Power

Valid
Update 12 0 32767 7500 mV
Voltage

Min stack voltage threshold for
Flash update, pack based
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11.9.2 Shutdown

Class Subclass Name Type Min Max Default Unit Description
Power Shutdown Shutdown 12 0 32767 1750 mv C_eII based shutdown voltage
Voltage trip threshold
Shutdown Cell based shutdown voltage
Power Shutdown Time u2 0 255 10 s trip delay
Charger Pack pin charger present detect
Power Shutdown Present 12 0 32767 3000 mV threshold. pack based
Threshold P
11.9.3 Sleep
Class Subclass Name Type Min Max Default Unit Description
|Current()| threshold to enter
Power Sleep Sleep Current 12 0 32767 10 mA SLEEP mode
Power Sleep Voltage Time Ul 0 255 5 S \é(:;ige sampling period in SLEEP
Power Sleep Current Time Ul 0 255 20 s ﬁzﬁ;gm sampling period in SLEEP
Power Sleep Wake H1 0 FF 0
11.9.4 Ship
Class Subclass Name Type Min Max Default Unit Description
Power Ship Delay U1 0 255 5 S Delay before entering SHIP mode
11.9.5 Power Off
Class Subclass Name Type Min Max Default Unit Description
Power Power Off Timeout U2 0 65535 30 min | 1imer before FETs are turned back
ON, if no action is taken
Power Power Off Debounce U1l 0 255 4 sec/4 Debounce for detection
Power Power Off MFC Delay U1l 0 255 60 s Delay before FETSs are turned OFF
11.10 Gas Gauging
11.10.1 Current Thresholds
Class Subclass Name Type Min Max Default Unit Description
) Current DSG Current DISCHARGE mode Current()
Gas Gauging Thresholds Threshold 12 —32768 82167 100 mA threshold
Gas Gauging Trﬁg;ﬁ;tds C%?rgs‘#gf;‘ 12 _32768 | 32767 50 mA | CHARGE mode Current() threshold
Gas Gauging Trﬁggﬁ:&js Quit Current 12 0 32767 10 mA Irgg(;;ent()l threshold to enter rest

11.10.2 State
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Class Subclass Name Type Min Max Default Unit Description
Gas Gauging State QMAX Cell 0 12 0 32767 4400 mAh QMAX Cell 0
Gas Gauging State QMAX Cell 1 12 0 32767 4400 mAh QMAX Cell 1
Gas Gauging State QMAX Cell 2 12 0 32767 4400 mAh QMAX Cell 2
Gas Gauging State QMAX Cell 3 12 0 32767 4400 mAh QMAX Cell 3
Gas Gauging State QMAX Pack 12 0 32767 4400 mAh QMAX of the whole stack
Bit 1:0: Updatel, UpdateO
Update Status
0,0 = Impedance Track gauging
and lifetime updating is disabled.
0,1 = Ra table updated
1,0 = QMAX and Ra table have
been updated
Bit 2: Enable—Impedance Track
gauging and lifetime updating
enable
. 0 = Disabled
Gas Gauging State Update Status H1 0x00 OxFF 0 1 = Enabled
Bit 3: is_ QMAX_Field_Updated
QMAX updated with FC and
qualified OCV in charge and
discharge
0 = Disabled
1 = Enabled (default)
Bit 4: Reserved
Bit 5: Reserved
Bit 6: Reserved
Bit 7: Reserved
’ Cell 0 Chg Cell 0 voltage value at end of
Gas Gauging State Voltage at EoC 12 0 32767 4200 mV charge
. Cell 1 Chg Cell 1 voltage value at end of
Gas Gauging State Voltage at EoC 12 0 32767 4200 mVv charge
. Cell 2 Chg Cell 2 voltage value at end of
Gas Gauging State Voltage at EoC 12 0 32767 4200 mV charge
. Cell 3 Chg Cell 3 voltage value at end of
Gas Gauging State Voltage at EoC 12 0 32767 4200 mV charge
Gas Gauging State Current at EoC 12 -32768 32767 250 mA Current at end of charge
Gas Gauging State Avg | Last Run 12 -32768 32767 —-2000 mA g‘/’g?ge current last discharge
Gas Gauging State Avg P Last Run 12 -32768 32767 -3022 10 mW | Average power last discharge cycle
Voltage() delta between normal and
Gas Gauging State Delta Voltage 12 -32768 32767 0 mV short load spikes to optimize run
time calculation
Gas Gauging State Max | Last Run 12 -32768 32767 —2000 mA Max current last discharge cycle
Gas Gauging State Max P Last Run 12 -32768 32767 -3022 10 mW | Max power last discharge cycle
11.10.3 Turbo Configuration
Class Subclass Name Type Min Max Default Unit Description
. Min Turbo .
Gas Gauging Turbo Cfg Power 12 —32768 32767 —1000 cW Min Turbo Power() threshold
Gas Gauging Turbo Cfg R Rack 12 0 32767 30 mQ Pack Side Resistance() threshold
esistance
) System ’ .
Gas Gauging Turbo Cfg Resi 12 0 32767 0 mQ System Side Resistance() threshold
esistance
Gas Gauging Turbo Cfg MaxRC;lirent 11 -127 0 -4 C Max Current Setting() Threshold
High High Frequency Resistance()
Gas Gauging Turbo Cfg Frequency 12 0 32767 20 mQ
Resi threshold
esistance
Reserve Energy remaining until max peak
Gas Gauging Turbo Cfg Enerav % 11 0 100 2 % power reaches the value reported
9y by the TURBO_POWER command
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11.11 IT Config

Class

Subclass

Name

Type

Min

Max

Default

Unit

Description

Gas Gauging

IT Cfg

Load Select

Ul

255

Defines Load compensation mode
used by gauging algorithm:IF Load
Mode = 0:0 = Avg | Last Run

1 = Present average discharge
current

2 = Current

3 = AverageCurrent

4 = DesignCapacity/5

5 = AtRate (mA)

6 = User-Rate-mA

7 = Max Avg | Last RunlF Load
Mode = 1:0 = Avg P Last Run
1 = Present average discharge
power

2 = Current x Voltage

3 = AverageCurrent x Average
Voltage

4 = DesignEnergy/5

5 = AtRate (10 mW)

6 = User-Rate-mW

7 = Max Avg P Last Run

Gas Gauging

IT Cfg

Load Mode

Ul

255

Defines unit used by gauging
algorithm:0 = Constant Currentl =
Constant Power

Gas Gauging

IT Cfg

Ra Filter

u2

999

500

0.1%

Filter value used in Ra Updates,
specifies what percentage or Ra
update is from new value
(100%—setting) vs. old value
(setting). The recommended setting
is 80% if RSOC_CONV feature is
enabled. Otherwise, the setting
should be 50% as default.

Gas Gauging

IT Cfg

Ra Max Delta

Ul

255

15

% of
Design
Resistance

Maximum value of allowed Ra
change

Gas Gauging

IT Cfg

Design
Resistance

Averaged cell resistance at
Reference Grid point. Automatically
updated when Update Status is set
to 0x6 by the gauge. To
automatically update again set
Update Status to Ox4 or manually
set when Update Status is set to
0x6.

Gas Gauging

IT Cfg

Reference
Grid

Ul

15

Reference grid point used by
Design Resistance. The default
setting should be used if
RSOC_CONYV feature is enabled.
Otherwise, grid point 11 should be
used to ensure resistance updates
fast enough at the grid where
discharge termination occurs.

Gas Gauging

IT Cfg

Resistance
Parameter
Filter

u2

65534

65124

This is one of the filters used for
resistance update. Reducing this
filter setting can improve low
temperature performance at high
rates. The default setting is 41-s
time constant. It is recommended
to keep this filter within the range of
4 s (i.e., DF setting = 61680) up to
the default 41 s (i.e. DF setting =
65142). Examining the Term
Voltage Delta setting and Fast
Scale Start SOC should be done
prior to twisting this parameter
when trying to improve the RSOC
performance.

The following is the formula to
convert the DF setting into actual
filter time constant: Filter time
constant = [0.25/(1 — (DF_Value
/65536))] — 0.25.
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Class Subclass Name Type Min Max Default Unit Description

Min stack voltage to be used for
capacity calculation. Also this is the
minimal Voltage at system power
converter input at which the system
still operates. This value is used by
Gas Gauging IT Cfg Term Voltage 12 0 32767 9000 mv a capacity gauging algorithm to
converge to 0 Remaining Capacity
at this voltage. It is also used for
computing TURBO_POWER. It can
be overwritten with a SBS
command MIN_SYS_V.

Controls when the RSOC_CONV
feature becomes active. The
recommended setting is 3.3 —Term
Voltage / Number Cells.

The default setting is 300 mV,
which is assuming a typical 3V
termination voltage per cell. If a
different termination voltage is
used, this parameter should be
adjusted accordingly.

Term Voltage

Delta 12 0 32767 300 mvV

Gas Gauging IT Cfg

Discharge rate used for capacity

Gas Gauging IT Cfg User-Rate-mA 12 -32768 32768 0 mA calculation selected by Load Select

User-Rate- 2 _32768 32768 0 10mw | Discharge rate used for capacity

Gas Gauging IT Cfg mw calculation selected by Load Select

Capacity reserved available when
12 0 32768 0 mAh gauging algorithm reports 0%
RemainingStateOfCharge()

Reserve Cap-

Gas Gauging IT Cfg mAh

Capacity reserved available when
12 0 32768 0 10 mW | gauging algorithm reports 0%
RemainingStateOfCharge()

Reserve Cap-

Gas Gauging IT Cfg mwWh

RemainingCapacity() smoothing
filter value. Sample settings and
associated low-pass filter time
constants are in Table C-1.

Controls the start of RSOC_CONV
feature based on RSOC %. Rising
this setting can improve RSOC
Fast Scale drop at the end of discharge.

Start SOC u1 0 100 10 % However, the RSOC % chosen for
this setting must keep after the
sharp drop of the discharge curve
(the keen of the discharge curve).

RemCap
Gas Gauging IT Cfg Smoothing Ul 0 255 250
Filter

Gas Gauging IT Cfg

11.12 RA Table

11.12.1 R_a0

Class Subclass Name Type Min Max Unit Description

High Byte:

0x00: Cell Impedance and QMAX
updated

0x05: RELAXATION mode and QMAX
update in progress

0x55: DISCHARGE mode and cell
RA Table R_a0 Cell 0 R_A Flag H2 0x0000 OXFFFF updated OxFF: Cell impedance never
updated Low-Byte:

0x00: Table not used and QMAX
updated

0x55: Table being used

OxFF: Table never used, no QMAX or
cell impedance update .

RA Table R_a0 Cell OR_AO 12 -32768 32768 27~10 Q | Cell O resistance at grid point O

RA Table R_a0 Cell OR_A1 12 —32768 32768 27~10 Q | Cell O resistance at grid point 1

RA Table R_a0 CellOR_A2 12 —32768 32768 27~10 Q | Cell O resistance at grid point 2

RA Table R_a0 CellOR_A3 12 —32768 32768 27~10 Q | Cell O resistance at grid point 3

RA Table R_a0 Cell OR_A4 12 -32768 32768 27-10 Q | Cell O resistance at grid point 4

RA Table R_a0 Cell OR_AS5 12 -32768 32768 ~~10 Q | Cell O resistance at grid point 5
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Class Subclass Name Type Min Max Unit Description
RA Table R_a0 Cell OR_A6 12 —32768 32768 27~10 Q | Cell O resistance at grid point 6
RA Table R_a0 Cell OR_A7 12 —32768 32768 27~10 Q | Cell O resistance at grid point 7
RA Table R_a0 CellOR_A8 12 -32768 32768 27~10 Q | Cell O resistance at grid point 8
RA Table R_a0 Cell OR_A9 12 -32768 32768 27-10 Q | Cell O resistance at grid point 9
RA Table R_a0 CellOR_A 10 12 -32768 32768 27-10 Q | Cell O resistance at grid point 10
RA Table R_a0 Cell OR_A 11 12 -32768 32768 2710 Q | Cell O resistance at grid point 11
RA Table R_a0 Cell OR_A 12 12 -32768 32768 27~10 Q | Cell O resistance at grid point 12
RA Table R_a0 Cell OR_A 13 12 —32768 32768 27~10 Q | Cell O resistance at grid point 13
RA Table R_a0 Cell OR_A 14 12 -32768 32768 27~10 Q | Cell O resistance at grid point 14
11.12.2 R_al
Class Subclass Name Type Min Max Unit Description
High-Byte:
0x00: Cell Impedance and QMAX
updated
0x05: RELAXATION mode and QMAX
update in progress
0x55: DISCHARGE mode and cell
Cell1R_A updated
RA Table R_al Flag H2 0x0000 OxFFFF OxFF: Cell impedance never updated
Low-Byte:
0x00: Table not used and QMAX
updated
0x55: Table being used
OxFF: Table never used, no QMAX or
cell impedance update
RA Table R_al Cell1R_AO 12 -32768 32768 27~10 Q | Cell 1 resistance at grid point 0
RA Table R_al Cell1R_ A1 12 -32768 32768 27~10 Q | Cell 1 resistance at grid point 1
RA Table R_al Cell1R_A2 12 -32768 32768 27~10 Q | Cell 1 resistance at grid point 2
RA Table R_al Cell1R_A3 12 -32768 32768 27~10 Q | Cell 1 resistance at grid point 3
RA Table R_al Cell1R_A4 12 -32768 32768 27-10 Q | Cell 1 resistance at grid point 4
RA Table R_al Cell1R_AS5 12 -32768 32768 27-10 Q | Cell 1 resistance at grid point 5
RA Table R_al Cell1R_AG6 12 -32768 32768 27~10 Q | Cell 1 resistance at grid point 6
RA Table R_al Cell1lR_ A7 12 -32768 32768 27~10 Q | Cell 1 resistance at grid point 7
RA Table R_al Cell1R_A8 12 -32768 32768 2710 Q | Cell 1 resistance at grid point 8
RA Table R_al Cell1R_A9 12 -32768 32768 27~10 Q | Cell 1 resistance at grid point 9
RA Table R_al Cell1R_A10 12 -32768 32768 27-10 Q | Cell 1 resistance at grid point 10
RA Table R_al Cell1R_A11 12 -32768 32768 27-10 Q | Cell 1 resistance at grid point 11
RA Table R_al Cell1R_A 12 12 -32768 32768 27~10 Q | Cell 1 resistance at grid point 12
RA Table R_al Cell1R_A13 12 -32768 32768 27~10 Q | Cell 1 resistance at grid point 13
RA Table R_al Cell1R_A14 12 —32768 32768 27~10 Q | Cell 1 resistance at grid point 14
11.12.3 R a2
Class Subclass Name Type Min Max Unit Description
High-Byte:
0x00: Cell Impedance and QMAX
updated
0x05: RELAXATION mode and QMAX
update in progress
0x55: DISCHARGE mode and cell
Cell2R_A updated
RA Table R_a2 Flag H2 0x0000 OXFFFF OxFF: Cell impedance never updated
Low-Byte:
0x00: Table not used and QMAX
updated
0x55: Table being used
OxFF: Table never used, no QMAX or
cell impedance update
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www.ti.com RA Table
Class Subclass Name Type Min Max Unit Description
RA Table R_a2 Cell2R_A0 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point O
RA Table R_a2 Cell2R_A1 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 1
RA Table R_a2 Cell2R_A2 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 2
RA Table R_a2 Cell2R_A3 12 -32768 32768 27-10 Q | Cell 2 resistance at grid point 3
RA Table R_a2 Cell2R_A4 12 -32768 32768 27-10 Q | Cell 2 resistance at grid point 4
RA Table R_a2 Cell2R_AS5 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 5
RA Table R_a2 Cell2R_A6 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 6
RA Table R_a2 Cell2R_A7 12 -32768 32768 2710 Q | Cell 2 resistance at grid point 7
RA Table R_a2 Cell2R_A8 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 8
RA Table R_a2 Cell2R_A9 12 -32768 32768 27-10 Q | Cell 2 resistance at grid point 9
RA Table R_a2 Cell2R_A 10 12 -32768 32768 27-10 Q | Cell 2 resistance at grid point 10
RA Table R_a2 Cell2R_A11 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 11
RA Table R_a2 Cell2R_A 12 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 12
RA Table R_a2 Cell2R_A 13 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 13
RA Table R_a2 Cell2R_A 14 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 14
11.12.4 R_a3
Class Subclass Name Type Min Max Unit Description
High-Byte:
0x00: Cell Impedance and QMAX
updated
0x05: RELAXATION mode and QMAX
update in progress
0x55: DISCHARGE‘mode and cell
RA Table R a3 Cel::lilgR_A H2 0X0000 OXFEEF 3232:2 OxFF: Cell impedance never
Low-Byte:
0x00: Table not used and QMAX
updated
0x55: Table being used OxFF: Table
never used, no QMAX or cell impedance
update
RA Table R_a3 Cell3R_AO 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 0
RA Table R_a3 Cell3R_A1 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 1
RA Table R_a3 Cell3R_A2 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 2
RA Table R_a3 Cell3R_A3 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 3
RA Table R_a3 Cell3R_A4 12 -32768 32768 27-10 Q | Cell 3 resistance at grid point 4
RA Table R_a3 Cell3R_AS5 12 -32768 32768 27-10 Q | Cell 3 resistance at grid point 5
RA Table R_a3 Cell3R_AG6 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 6
RA Table R_a3 Cell3R_A7 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 7
RA Table R_a3 Cell3R_A8 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 8
RA Table R_a3 Cell3R_A9 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 9
RA Table R_a3 Cell3R_A 10 12 -32768 32768 27-10 Q | Cell 3 resistance at grid point 10
RA Table R_a3 Cell3R_A11 12 -32768 32768 27-10 Q | Cell 3 resistance at grid point 11
RA Table R_a3 Cell3R_A 12 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 12
RA Table R_a3 Cell3R_A13 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 13
RA Table R_a3 Cell3R_A 14 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 14
11.12.5 R_alx
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Class Subclass Name Type Min Max Unit Description

High-Byte:
0x00: Cell Impedance and QMAX
updated
0x05: RELAXATION mode and QMAX
update in progress
0x55: DISCHARGE mode and cell

RA Table R_a0x xCeglg RA H2 0x0000 OXFFFE updated

9 OxFF: Cell impedance never updated

Low-Byte:
0x00: Table not used and QMAX updated
0x55: Table being used
OxFF: Table never used, no QMAX or cell
impedance update

RA Table R_a0x xCell OR_AO 12 -32768 32768 2710 Q | Cell O resistance at grid point O

RA Table R_a0x xCell OR_A 1 12 -32768 32768 27~10 Q | Cell O resistance at grid point 1

RA Table R_a0x xCell OR_A 2 12 -32768 32768 27-10 Q | Cell O resistance at grid point 2

RA Table R_a0x xCell OR_A 3 12 -32768 32768 27-10 Q | Cell O resistance at grid point 3

RA Table R_a0x xCell OR_A 4 12 -32768 32768 27~10 Q | Cell O resistance at grid point 4

RA Table R_a0x xCell 0R_A 5 12 -32768 32768 27~10 Q | Cell O resistance at grid point 5

RA Table R_a0x xCell OR_A 6 12 -32768 32768 2710 Q | Cell O resistance at grid point 6

RA Table R_a0x xCell OR_A 7 12 -32768 32768 27~10 Q | Cell O resistance at grid point 7

RA Table R_a0x xCell OR_A 8 12 -32768 32768 27-10 Q | Cell O resistance at grid point 8

RA Table R_a0x xCell OR_A9 12 -32768 32768 27-10 Q | Cell O resistance at grid point 9

RA Table R_a0x Xce"l% RA 12 32768 32768 2A-10Q | Cell O resistance at grid point 10

RA Table R_a0x Xce”ﬁ RA 12 32768 32768 | 2°-10Q | Cell O resistance at grid point 11

RA Table R_aO0x xCeIIl% RA 12 -32768 32768 27~10 Q | Cell O resistance at grid point 12

RA Table R_a0x xCe||103 RA 12 —32768 32768 | 2°-10Q | Cell O resistance at grid point 13

RA Table R_a0x Xce”l% RA 12 —32768 32768 27-10Q | Cell O resistance at grid point 14

11.12.6 R_alx
Class Subclass Name Type Min Max Unit Description

High-Byte:
0x00: Cell Impedance and QMAX
updated
0x05: RELAXATION mode and
QMAX update in progress
0x55: DISCHARGE mode and Cell
updated

RA Table R_alx xCeII:IIi.l RA H2 0x0000 OXFFFF OxFF: Cell impedance never

9 updated

Low-Byte:
0x00: Table not used and QMAX
updated
0x55: Table being used
OxFF: Table never used, no QMAX
or cell impedance update

RA Table Ran | XCNIRAL _32768 | 32768 | 2°-10Q |Cell 1 resistance at grid point 0

RA Table R_alx Xce“ll RA 12 32768 32768 | 2°-10Q |Cell 1 resistance at grid point 1

RA Table Ran | XCIIRAL _32768 | 32768 | 2°-10Q |Cell 1 resistance at grid point 2

RA Table R alx Xce“g RAL o -32768 32768 | 210 Q | Cell 1 resistance at grid point 3

RA Table Ran | XCIIRAL 32768 | 32768 | 2°-10Q |Cell 1 resistance at grid point 4

126 Data Flash Values and Device Configuration

Copyright © 2013, Texas Instruments Incorporated

SLUUA79-0October 2013
Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUUA79

13 TEXAS

INSTRUMENTS
www.ti.com RA Table
Class Subclass Name Type Min Max Unit Description
RA Table R_alx xCeII51 RA 12 —-32768 32768 27-10 Q | Cell 1 resistance at grid point 5
RA Table R_alx xCeIIé. RA 12 -32768 32768 27-10 Q | Cell 1 resistance at grid point 6
RA Table R_alx xCeII71 RA 12 -32768 32768 27~10 Q | Cell 1 resistance at grid point 7
RA Table R_alx XCE”;‘ RA 12 -32768 32768 27-10 Q | Cell 1 resistance at grid point 8
RA Table R_alx xCeII; RA 12 —-32768 32768 27-10 Q | Cell 1 resistance at grid point 9
RA Table R_alx xCeIIllc.) RA 12 -32768 32768 27-10 Q | Cell 1 resistance at grid point 10
RA Table R_alx Xce”ﬁ RA 12 -32768 32768 27~10 Q | Cell 1 resistance at grid point 11
RA Table R_alx xCeIIllé RA 12 -32768 32768 27-10 Q | Cell 1 resistance at grid point 12
RA Table R_alx xCeIIlé RA 12 -32768 32768 27~10 Q | Cell 1 resistance at grid point 13
RA Table R_alx xCeIIllz.l RA 12 -32768 32768 27-10 Q | Cell 1 resistance at grid point 14
11.12.7 R_a2x
Class Subclass Name Type Min Max Unit Description
High-Byte:
0x00: Cell Impedance and QMAX
updated
0x05: RELAXATION mode and QMAX
update in progress
xCell 2R A 0x55: DISCHARGE mode and cell
RA Table R_a2x Flag H2 0x0000 OXFFFF updated
9 OxFF: Cell impedance never updated
Low-Byte:
0x00: Table not used and QMAX updated
0x55: Table being used
OxFF: Table never used, no QMAX or cell
impedance update
RA Table R_a2x xCell2R_A O 12 -32768 32768 27-10 Q | Cell 2 resistance at grid point O
RA Table R_a2x xCell2R_A 1 12 -32768 32768 27-10 Q | Cell 2 resistance at grid point 1
RA Table R_a2x xCell2R_A 2 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 2
RA Table R_a2x xCell2R_A 3 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 3
RA Table R_a2x xCell2R_A 4 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 4
RA Table R_a2x xCell2R_A5 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 5
RA Table R_a2x xCell2R_A 6 12 -32768 32768 27-10 Q | Cell 2 resistance at grid point 6
RA Table R_a2x xCell2R_A7 12 -32768 32768 27-10 Q | Cell 2 resistance at grid point 7
RA Table R_a2x xCell2R_A 8 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 8
RA Table R_a2x xCell2R_A9 12 -32768 32768 27~10 Q | Cell 2 resistance at grid point 9
RA Table R_a2x Xce”l% RA 12 -32768 32768 | 2°-10Q | Cell 2 resistance at grid point 10
RA Table R_a2x Xce”lzl RA 12 —32768 32768 27~10Q | Cell 2 resistance at grid point 11
RA Table R_a2x xCeII122 RA 12 32768 32768 | 2°-10Q | Cell 2 resistance at grid point 12
RA Table R_a2x Xce”lzg RA 12 _32768 32768 | 2°-10Q | Cell 2 resistance at grid point 13
RA Table R_a2x Xce”li RA 12 32768 32768 | 2°-10Q | Cell 2 resistance at grid point 14
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11.12.8 R_a3x

11.13 PF Status

Class Subclass Name Type Min Max Unit Description
High-Byte:
0x00: Cell Impedance and QMAX
updated
0x05: RELAXATION mode and QMAX
update in progress
YCell3R A 0x55: DISCHARGE mode and cell
RA Table R_a3x Flag H2 0x0000 OXFFFF updated
9 OxFF: Cell impedance never updated

Low-Byte:
0x00: Table not used and QMAX updated
0x55: Table being used
OxFF: Table never used, no QMAX or cell
impedance update

RA Table R_a3x xCell3R_AO 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 0

RA Table R_a3x xCell3R_A1 12 -32768 32768 27-10 Q | Cell 3 resistance at grid point 1

RA Table R_a3x xCell3R_A 2 12 -32768 32768 27-10 Q | Cell 3 resistance at grid point 2

RA Table R_a3x xCell3R_A3 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 3

RA Table R_a3x xCell3R_A 4 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 4

RA Table R_a3x xCell3R_A5 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 5

RA Table R_a3x xCell3R_A 6 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 6

RA Table R_a3x xCell3R_A7 12 -32768 32768 27-10 Q | Cell 3 resistance at grid point 7

RA Table R_a3x xCell3R_A8 12 -32768 32768 27-10 Q | Cell 3 resistance at grid point 8

RA Table R_a3x xCell3R_A9 12 -32768 32768 27~10 Q | Cell 3 resistance at grid point 9

RA Table R_adx xCeIIlIé R_A 12 _32768 32768 2710 0 Cell 3 resistance at grid point 10

RA Table R_a3x ><Ce||l3l R_A 12 _32768 32768 710 Q Cell 3 resistance at grid point 11

RA Table R a3x xCeIIlCZ R_A 12 _32768 32768 2110 0 Cell 3 resistance at grid point 12

RA Table R_adx xCeIIl?é R_A 12 _32768 32768 21100 Cell 3 resistance at grid point 13

RA Table R_a3x xCeII:L?:1 R_A 12 _32768 32768 n_10Q Cell 3 resistance at grid point 14

11.13.1 Device Status Data
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Class Subclass Name Type Min Max Default Description

SafetyAlert() bit O to bit 15

Bit 0: CUV—Cell Undervoltage

0 = Inactive

1 = Detected

Bit 1: COV—Cell Overvoltage

0 = Inactive

1 = Detected

Bit 2: OCC1—Overcurrent in Charge 1st Tier
0 = Inactive

1 = Detected

Bit 3: OCC2—Overcurrent in Charge 2nd Tier
0 = Inactive

1 = Detected

Bit 4: OCD1—Overcurrent in Discharge 1st Tier
0 = Inactive

1 = Detected

Bit 5: OCD2—Overcurrent in Discharge 2nd Tier
0 = Inactive

1 = Detected

Bit 6: OLD—Overload in discharge

0 = Inactive

1 = Detected

Bit 7: OLDL—Overload in discharge latch

H2 0x0000 OXFFFF 0 0 = Inactive

1 = Detected

Bit 8: SCC—Short circuit in charge

0 = Inactive

1 = Detected

Bit 9: SCCL—Short circuit in charge latch

0 = Inactive

1 = Detected

Bit 10: SCD—Short circuit in discharge

0 = Inactive

1 = Detected

Bit 11: SCDL—Short circuit in discharge latch
0 = Inactive

1 = Detected

Bit 12: OTC—Overtemperature in charge

0 = Inactive

1 = Detected

Bit 13: OTD—Overtemperature in discharge
0 = Inactive

1 = Detected

Bit 14: CUVC—I*R compensated CUV

0 = Inactive

1 = Detected

Bit 15: Reserved

Device Safety Alert

PF Status Status Data 0-15
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Class

Subclass

Name

Type Min Max Default

Description

PF Status

Device
Status Data

Safety
Status 0-15

H2 0x0000 OxFFFF 0

SafetyStatus() bit O to bit 15

Bit 0: CUV—Cell Undervoltage

0 = Inactive

1 = Detected

Bit 1: COV—Cell Overvoltage

0 = Inactive

1 = Detected

Bit 2: OCC1—Overcurrent in Charge 1st Tier
0 = Inactive

1 = Detected

Bit 3: OCC2—Overcurrent in Charge 2nd Tier
0 = Inactive

1 = Detected

Bit 4: OCD1—Overcurrent in Discharge 1st Tier
0 = Inactive

1 = Detected

Bit 5: OCD2—Overcurrent in Discharge 2nd Tier
0 = Inactive

1 = Detected

Bit 6: OLD—Overload in discharge

0 = Inactive

1 = Detected

Bit 7: OLDL—Overload in discharge latch

0 = Inactive

1 = Detected

Bit 8: SCC—Short circuit in charge

0 = Inactive

1 = Detected

Bit 9: SCCL—Short circuit in charge latch

0 = Inactive

1 = Detected

Bit 10: SCD—Short circuit in discharge

0 = Inactive

1 = Detected

Bit 11: SCDL—Short circuit in discharge latch
0 = Inactive

1 = Detected

Bit 12: OTC—Overtemperature in charge

0 = Inactive

1 = Detected

Bit 13: OTD—Overtemperature in discharge
0 = Inactive

1 = Detected

Bit 14: CUVC—I*R compensated CUV

0 = Inactive

1 = Detected

Bit 15: Reserved
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PF Status

Class Subclass Name

Type Min Max Default

Description

PF Alert
0-15

Device

PF Status Status Data

H2 0x0000 OxFFFF 0

PFAlert() bit O to bit 15

Bit 0: CUV—cCell undervoltage

0 = Inactive

1 = Detected

Bit 1: COV—Cell overvoltage

0 = Inactive

1 = Detected

Bit 2: CUDEP—Copper Deposition
0 = Inactive

1 = Detected

Bit 3: Reserved

Bit 4: OTCE—OQvertemperature

0 = Inactive

1 = Detected

Bit 5: Reserved

Bit 6: OTF—Overtemperature FET
0 = Inactive

1 = Detected

Bit 7: Reserved

Bit 8: CB—Cell balancing

0 = Inactive

1 = Detected

Bit 9: Reserved

Bit 10: CD—Capacity Deterioration
0 = Inactive

1 = Detected

Bit 11: VIMR—Voltage imbalance at Rest
0 = Inactive

1 = Detected

Bit 12: VIMA—Voltage imbalance at Rest
0 = Inactive

1 = Detected

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved

PF Status
0-15

Device

PF Status Status Data

H2 0x0000 OXFFFF 0

PFStatus() bit 0 to bit 15

Bit 0: CUV—cCell undervoltage

0 = Inactive

1 = Active

Bit 1: COV—Cell overvoltage

0 = Inactive

1 = Active

Bit 2: Reserved

Bit 3: Reserved

Bit 4: OTCE—Overtemperature

0 = Inactive

1 = Active

Bit 5: Reserved

Bit 6: OTF—Overtemperature FET
0 = Inactive

1 = Active

Bit 7: Reserved

Bit 8: CB—Cell balancing

0 = Inactive

1 = Active

Bit 9: Reserved

Bit 10: CD—Capacity Deterioration
0 = Inactive

1 = Active

Bit 11: VIMR—Voltage imbalance at Rest
0 = Inactive

1 = Active

Bit 12: VIMA—Voltage imbalance at Rest
0 = Inactive

1 = Active

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved
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Class

Subclass

Name

Type

Min

Max

Default

Description

PF Status

Device
Status Data

Safety Alert
16-31

H2

0x0000

OXFFFF

SafetyAlert() bit 16 to bit 31

Bit 16: OTF—FET overtemperature

0 = Inactive

1 = Detected

Bit 17: HWD—SBS Host watchdog timeout
0 = Inactive

1 = Detected

Bit 18: PTO—Precharging timeout

0 = Inactive

1 = Detected

Bit 19: PTOS—Precharging timeout suspend
0 = Inactive

1 = Detected

Bit 20: CTO—Charging timeout

0 = Inactive

1 = Detected

Bit 21: CTOS—Charging timeout suspend
0 = Inactive

1 = Detected

Bit 22: OC—Overcharge

0 = Inactive

1 = Detected

Bit 23: CHGC—Charging Current higher than
requested

0 = Inactive

1 = Detected

Bit 24: CHGV—Charging Voltage higher than
requested

0 = Inactive

1 = Detected

Bit 25: Reserved

Bit 26: Reserved

Bit 27: Reserved

Bit 28: Reserved

Bit 29: Reserved

Bit 30: Reserved

Bit 31: Reserved

PF Status

Device
Status Data

Safety
Status
16-31

H2

0x0000

OXFFFF

SafetyStatus() bit 16 to bit 31

Bit 16: OTF—FET overtemperature

0 = Inactive

1 = Detected

Bit 17: HWD—SBS Host watchdog timeout
0 = Inactive

1 = Detected

Bit 18: PTO—Precharging timeout

0 = Inactive

1 = Detected

Bit 19: PTOS—Precharging timeout suspend
0 = Inactive

1 = Detected

Bit 20: CTO—Charging timeout

0 = Inactive

1 = Detected

Bit 21: CTOS—Charging timeout suspend
0 = Inactive

1 = Detected

Bit 22: OC—Overcharge

0 = Inactive

1 = Detected

Bit 23: CHGC—Charging Current higher than
requested

0 = Inactive

1 = Detected

Bit 24: CHGV—Charging Voltage higher than
requested

0 = Inactive

1 = Detected

Bit 25: Reserved

Bit 26: Reserved

Bit 27: Reserved

Bit 28: Reserved

Bit 29: Reserved

Bit 30: Reserved

Bit 31: Reserved
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www.ti.com PF Status

Class Subclass Name Type Min Max Default Description

PFAlert() bit 16 to bit 31

Bit 16: CFETF—Charge FET

0 = Inactive

1 = Detected

Bit 17: DFET—Discharge FET

0 = Inactive

1 = Detected

Bit 18: THERM—Thermistor

0 = Inactive

1 = Detected

Bit 19: FUSE—Fuse

0 = Inactive

1 = Detected

Bit 20: AFER—AFE Register

0=nla

1 = Detected

Bit 21: AFEC—AFE Communication

0 = Inactive

1 = Detected

Device PF Alert Bit 22: SCONDLVL—FUSE input indicating fuse
PF Status Status Data 16-31 H2 0x0000 OXFFFF 0 trigger by external 2nd level protection
0 = Inactive

1 = Detected

Bit 23: PTC—PTC by AFE

0 = Inactive

1 = Detected

Bit 24: IFC—Instruction Flash Checksum
0=nla

1 = IF checksum failure

Bit 25: OCECO—Open VCx
0=nla

1 = Detected

Bit 26: DFW—Data Flash Wearout
0=nla

1 = DF failure

Bit 27: Reserved

Bit 28: Reserved

Bit 29: Reserved

Bit 30: Reserved

Bit 31: Reserved

PFStatus() bit 16 to bit 31

Bit 16: CFETF—Charge FET

0 = Inactive

1 = Active

Bit 17: DFET—Discharge FET

0 = Inactive

1 = Active

Bit 18: THERM—Thermistor

0 = Inactive

1 = Active

Bit 19: FUSE—Fuse

0 = Inactive

1 = Active

Bit 20: AFER—AFE Register

0=n/a

1 = Active

Bit 21: AFEC—AFE Communication

0 = Inactive

1 = Active

Device PF Status Bit 22: 2LVL—FUSE input indicating fuse trigger by
PF Status Status Data 16-31 H2 0x0000 OXFFFF 0 external 2nd level protection
0 = Inactive

1 = Active

Bit 23:PTC—PTC by AFE

0 = Inactive

1 = Active

Bit 24: IFC—Instruction Flash Checksum
0=nla

1 = IF checksum failure

Bit 25: OCECO—Open VCx
0=nla

1 = Active

Bit 26: DFW—DF wearout
0=nla

1 = Active

Bit 27: Reserved

Bit 28: Reserved

Bit 29: Reserved

Bit 30: Reserved

Bit 31: Reserved

SLUUA79-October 2013 Data Flash Values and Device Configuration 133
Submit Documentation Feedback

Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUUA79

13 TEXAS

INSTRUMENTS
PF Status www.ti.com
Class Subclass Name Type Min Max Default Description
OperationStatus() bit O to bit 15
Bit 0: PRES—PRES input state
0 = PRES pin high
1 = PRES pin low detected
Bit 1: DSG—DSG FET Status
0 = Disabled
1 = Enabled
Bit 2: CHG—CHG FET Status
0 = Disabled
1 = Enabled
Bit 3: PCHG—PCHG FET Status
0 = Disabled
1 = Enabled
Bit 4: GPOD—GPOD FET Status
0 = Disabled
1 = Enabled
Bit 5: FUSE—FUSE input
0 = FUSE pin low
1 = FUSE pin high detected
Bit 6: CB—Cell Balancing
0 = Inactive
1 = Active
Bit 7: LED
Device Operation 0 = Inactive
PF Status Status Data | Status 0-15 H2 0x0000 OXFFFF 0 1 = Active

Bit 8:9: SEC0,SEC1—Security Mode
0,0 = Reserved

0,1 = Unsealed

1,0 = Full Access

1,1 = Sealed

Bit 10: CALCal Raw ADC/CC output active
0 = Inactive

1 = Active

Bit 11: SS—SafetyStatus

0 = Inactive

1 = Active

Bit 12: PF—Permanent Failure

0 = Inactive

1 = Active

Bit 13: XDSG—Discharging Disabled
0 = Inactive

1 = Active

Bit 14: XCHG—Charging Disabled

0 = Inactive

1 = Active

Bit 15: SLEEP—SIeep condition met
0 = Disabled

1 = Enabled
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13 TEXAS
INSTRUMENTS

www.ti.com PF Status

Class Subclass Name Type Min Max Default Description

OperationStatus() bit 16 to bit 31
Bit 16: SDM—Shutdown activated by
ManufacturerAccess()
0 = Inactive
1 = Active
Bit 17: Reserved
Bit 18: AUTH—Authentication ongoing
0 = Inactive
1 = Active
Bit 19: AWD—AFE Watchdog failure
0 = Inactive
1 = Active
Bit 20: FVS—Fast Voltage Sampling
0 = Inactive
1 = Active
Bit 21: CALO—Raw ADC/CC offset output
0 = Inactive
1 = Active
Bit 22: SDV—Shutdown activated by voltage
0 = Inactive
1 = Active
Bit 23: SLEEPM—SLEEP mode active by
ManufacturerAccess()
Device Operation 0= Ina(_:tive
PF Status Status Data Status H2 0x0000 OXFFFF 0 1 = Active
16-31 Bit 24: INIT—Initialization after full reset, cleared
when SBS data calculated and available
0 = Inactive
1 = Active
Bit 25: SMBL—CALCC auto offset calibration
ongoing after SBS line goes low
0 = Inactive
1 = Active
Bit 26: SLEEPQMAX—QMAX update in SLEEP
mode
0 = Inactive
1 = Active
Bit 27: SLEEPCC—Checking current in SLEEP
mode
0 = Inactive
1 = Active
Bit 28: XLSBS Fast Mode
0 = Inactive
1 = Active
Bit 29: OFF—OFF Switch
0 = Inactive
1 = Active
Bit 30: Reserved
Bit 31: Reserved
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Class

Subclass

Name

Type Min Max Default

Description

PF Status

Device
Status Data

Charging
Status 0-15

H2 0x0000 OXFFFF 0

ChargingStatus() bit O to bit 15

Bit 0: UT—Under Temperature Range
0 = Inactive

1 = Active

Bit 1: LT—Low Temperature Range

0 = Inactive

1 = Active

Bit 2: ST—Standard Temperature Range
0 = Inactive

1 = Active

Bit 3: RT—Recommended Temperature Range
0 = Inactive

1 = Active

Bit 4: STH—Standard High Temperature Range
0 = Inactive

1 = Active

Bit 5: HT—High Temperature Range
0 = Inactive

1 = Active

Bit 6: OT—Over Temperature Range
0 = Inactive

1 = Active

Bit 7: PV—Precharge Voltage Range
0 = Inactive

1 = Active

Bit 8: LV—Low Voltage Range

0 = Inactive

1 = Active

Bit 9: MV—Medium Voltage Range

0 = Inactive

1 = Active

Bit 10: HV—High Voltage Range

0 = Inactive

1 = Active

Bit 11: IN—Charge Inhibit

0 = Inactive

1 = Active

Bit 12: SU—Charge Suspend

0 = Inactive

1 = Active

Bit 13: CCR—ChargingVoltage() Rate
0 = Inactive

1 = Active

Bit 14: CVR—ChargingCurrent() Rate
0 = Inactive

1 = Active

Bit 15: CCC—ChargingCurrent() Compensation
0 = Inactive

1 = Active

PF Status

Device
Status Data

Charging
Status
16-23

H2 0x0000 OxFFFF 0

ChargingStatus() bit 16 to bit 31

Bit 16: VCT—Valid Charge Termination. This flag
toggles every time valid charge termination is
detected.

Bit 17: Reserved

Bit 18: MCHG—Maintenance Charge is detected.
Bit 19: Reserved

Bit 20: Reserved

Bit 21: Reserved

Bit 22: Reserved

Bit 23: Reserved

Bit 24: Reserved
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www.ti.com

PF Status

Class

Subclass

Name

Type

Min

Max

Default

Description

PF Status

Device
Status Data

Gauging
Status

H2

0x0000

OXFFFF

GaugingStatus() bit 0 to bit 15

Bit 0: REST—Device at rest

0 = Inactive

1 = Active

Bit 1: DSG—Discharge detected

0 = Charging

1 = Discharging

Bit 2: RU—Resistance update

0 = Disabled

1 = Enabled

Bit 3: VOK—Cell Voltage OK for QMAX update
0 = Inactive

1 = Active

Bit 4: QEN—QMAX updates

0 = Disabled

1 = Enabled

Bit 5: FD—Fully Discharged detected by gauge
algorithm

0 = Disabled

1 = Enabled

Bit 6: FC—Fully Charged detected by gauge
algorithm

0 = Disabled

1 = Enabled

PF Status

Device
Status Data

Gaugi
ng
Status

H2

0x0000

OXFFFF

Bit 7: NSFM—Negative scale factor mode

0 = Disabled

1 = Enabled

Bit 8: VDQ—Discharge qualified for learning

0 = Disabled

1 = Enabled

Bit 9: QMAX—QMAX updated. This flag toggles
every time QMAX is updated.

Bit 10: RX—Resistance update

This flag toggles every time Resistance is updated
Bit 11: LDMD—Load Mode

0 = Constant current mode

1 = Constant power mode

Bit 12: OCVFR—OCYV in flat region

0 = OCV outside flat region

1 = OCV in flat region

Bit 13: TDA—Terminate Discharge Alarm set by
gauging algorithm

0 = Disabled

1 = Enabled

Bit 14: TCA—Terminate Charge Alarm set by
gauging algorithm

0 = Disabled

1 = Enabled

Bit 15: LPF Relax—LiPh Relax Mode, only active
with Chem ID 0x400

0 = Disabled

1 = Enabled

11.13.2 Device Voltage Data

Class

Subclass

Name

Min

Default Unit Description

PF Status

Device
Voltage Data

Cell Voltage

0

32767

0 mV Cell 0 voltage

PF Status

Device
Voltage Data

Cell Voltage

1

32767

Cell 1 voltage

PF Status

Device
Voltage Data

Cell Voltage

2

32767

Cell 2 voltage

PF Status

Device
Voltage Data

Cell Voltage

3

32767

Cell 3 voltage

PF Status

Device
Voltage Data

Bat Direct
Voltage

32767

Cell stack voltage

PF Status

Device
Voltage Data

Pack Voltage

32767

Pack pin voltage
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13 TEXAS
INSTRUMENTS

www.ti.com

11.13.3 Device Current Data

Class Subclass Name Type Min Max Default Unit Description
PF Status Device Current 12 -32768 32767 0 mv Current()
Current Data
11.13.4 Device Temperature Data
Class Subclass Name Type Min Max Default Unit Description
Device Internal temperature sensor
PF Status Temperature Internal Temperature 12 0 9999 0 0.1°K p
temperature
Data
Device
PF Status Temperature External 1 Temperature 12 0 9999 0 0.1°K External TS1 temperature
Data
Device
PF Status Temperature External 2 Temperature 12 0 9999 0 0.1°K External TS2 temperature
Data
11.13.5 Device Gauging Data
Class Subclass Name Type Min Max Default Unit Description
PF Status | DVI°F Sauging Cell 0 DODO 12 0 32767 0 Cell 0 depth of discharge
PF Status De"'cgggug'”g Cell 1 DODO 12 0 32767 0 Cell 1 depth of discharge
PF Status De"'cgsgug'“g Cell 2 DODO 12 0 32767 0 Cell 2 depth of discharge
PF Status De"'ceDaGtgug'“g Cell 3 DODO 12 0 32767 0 Cell 3 depth of discharge
Device Gauging Passed charge since last
PF Status Data Passed Charge 12 0 32767 0 mAh QMAX update
11.13.6 AFE Regs
Class Subclass Name Type Min Max Default Description
Bit 0: SCD1—SCD1
0 = Inactive
1 = Active
Bit 1: SCD2—SCD2
0 = Inactive
1 = Active
Bit 2: SCC—SCC
0 = Inactive
1 = Active
Bit 3: OCD—SCD1
PF Status | AFERegs | AFE Status H1 0x00 OXFF o |0=Inactive
1 = Active
Bit 4: WDF—WDF
0 = Inactive
1 = Active
Bit 5: Reserved
Bit 6: PTC—PTC
0 = Inactive
1 = Active
Bit 7: FUSE—FUSE
0 = Inactive
1 = Active
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13 TEXAS
INSTRUMENTS

www.ti.com PF Status

Class Subclass Name Type Min Max Default Description

Bit 0: Reserved

Bit 1: SHUTDOWN—Enables device
shutdown when voltage on PACK pins is
removed

0 = Disabled

1 = Enabled

Bit 2: WDDIS—Enables device watchdog
timer

0 = Enabled

1 = Disabled

Bit 3: WDRST—Enables device reset when
watchdog timer times out

0 = Disabled

1 = Enabled

Bit 4: RSNS—Divide OCD, SCC, SDC1 and
SCD2 voltage thresholds by 2

0 = Disabled

1 = Enabled

Bit 5: SCDDx2—Double SCD1 and SCD2
Delay thresholds

0 = Disabled

1 = Enabled

Bit 6: CTM_ENA—Enable customer test
mode

0 = Disabled

1 = Enabled

Bit 7: FUSE—A part one of FUSE activation
sequence

0 = Disabled

1 = Enabled

Bit 0: LTCLR—Clear latch condition
0 = Inactive

1 = Active

Bit 1: DSG

0 = Inactive

1 = Active

Bit 2: CHG

0 = Inactive

1 = Active

Bit 3: PCHG—CHG
0 = Inactive

1 = Active

Bit 4: GPOD—CHG
0 = Inactive

1 = Active

Bit 5: PMS_CHG

0 = Inactive

1 = Active

Bit 6: CTM_ENB

0 = Inactive

1 = Active

Bit 7: FUSEB

0 = Inactive

1 = Active

Bit 0: Reserved

Bit 1: DSG

0 = Inactive

1 = Active

Bit 2: CHG

0 = Inactive

1 = Active

Bit 3: PCHG—CHG

0 = Inactive

1 = Active

AFE Output Bit 4: GPOD—CHG
Status H1 0x00 OxFF 0 0 = Inactive

1 = Active

Bit 5: PMS_CHG

0 = Inactive

1 = Active

Bit 6: CTM

0 = Inactive

1 = Active

Bit 7: PMS

0 = Inactive

1 = Active

AFE State

Control H1 0x00 OXFF 0

PF Status AFE Regs

PF Status AFE Regs AFE Control H1 0x00 OxFF 0

PF Status AFE Regs
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www.ti.com

Class

Subclass

Name

Type

Min

Max

Default

Description

PF Status

AFE Regs

AFE Function
Control

H1

0x00

OXFF

Bit 0: VMEN

0 = Inactive

1 = Active

Bit 1: PACK

0 = Inactive

1 = Active

Bit 2: BATDSG
0 = Inactive

1 = Active

Bit 3: SC_REC
0 = Inactive

1 = Active

Bit 5:4: RV1,RVO:RV
Bit 6: Reserved
Bit 7: Reserved

PF Status

AFE Regs

AFE Cell Select

H1

0x00

OxFF

Bit 1:0: CELL1, CELLO
Cell Select

Bit 2: CALCAL
0 = Inactive

1 = Active

Bit 3: Reserved
Bit 4: CBO

0 = Inactive

1 = Active

Bit 5: CB1

0 = Inactive

1 = Active

Bit 6: CB2

0 = Inactive

1 = Active

Bit 4: CB3

0 = Inactive

1 = Active

PF Status

AFE Regs

AFE OCDV

H1

0x00

OXFF

Bit 3:0: Overload Trip Threshold between

SRP and SRN

0x00 to 0XOF = 0.050 V to 0.200 V in 10 mV
steps when RSNS = 00x00 to 0xOF = 0.025 V
t0 0.100 V in 5 mV steps when RSNS =

10x00 = 0.050 V or 0.025 V
0x01 = 0.060 V or 0.030 V
0x02 = 0.070 V or 0.035 V
0x03 = 0.080 V or 0.040 V
0x04 = 0.090 V or 0.045 V
0x05 = 0.100 V or 0.050 V
0x06 = 0.110 V or 0.055 V
0x07 = 0.120 V or 0.060 V
0x08 = 0.130 V or 0.065 V
0x09 = 0.140 V or 0.070 V
0x0A =0.150 V or 0.075 V
0x0B = 0.160 V or 0.080 V
0x0C = 0.170 V or 0.085 V
0x0D = 0.180 V or 0.090 V
O0xOE = 0.190 V or 0.095 V
O0xOF = 0.200 V or 0.100 V

PF Status

AFE Regs

AFE OCDT

H1

0x00

OXFF

Bit 3:0: Overload Trip Delay

0x00 to OXOF = 1 ms to 31 ms in 2-ms steps

0x00 =1 ms
0x01 =3 ms
0x02 =5 ms
0x03 =7 ms
0x04 =9 ms
0x05 =11 ms
0x06 = 13 ms
0x07 = 15 ms
0x08 = 17 ms
0x09 = 19 ms
O0X0A =21 ms
0x0B = 23 ms
0x0C =25 ms
0x0D =27 ms
OxOE = 29 ms
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PF Status

Class Subclass

Name

Type

Min

Max

Default

Description

PF Status AFE Regs

AFE SCC

H1

0x00

OXFF

Bit 2:0: Short Circuit in Charge Threshold
between SRP and SRN

0x00 to 0x04 = —0.100 V to —0.300 V in 50
mV steps when RSNS = 00x00 to 0x04 =
—0.050 V to —0.150 V in 25-mV steps when
RSNS =1

0x00 =-0.100 V or —0.050 V

0x01 = -0.150 V or -0.075 V

0x02 = -0.200 V or —0.100 V

0x03 =-0.250 V or -0.125 V

0x04 = —-0.300 V or —0.150 V

0x05 = Reserved

0x06 = Reserved

0x07 = Reserved

Bit 3: Reserved

Bit 7:4: Short Circuit in Charge Delay Time
0x00 to OXOF = 0 s to 915 ps in 61-ps steps
0x00 = 0 ps

0x01 = 61 ps

0x02 = 122 ps

0x03 = 183 ps

0x04 = 244 s

0x05 = 305 ps

0x06 = 366 ps

0x07 = 427 us

0x08 = 488 us

0x09 = 549 ps

Ox0A =610 us

0x0B = 671 ps

0x0C = 732 us

0x0D =793 us

OXOE = 854 ps

OxOF =915 ps

PF Status AFE Regs

AFE SCD1

H1

0x00

OXFF

Bit 2:0: Short Circuit in Discharge 1 Threshold
between SRP and SRN

0x00 to 0x07 = 0.100 V to 0.300 V in 50 mV
steps when RSNS = 00x00 to 0x07 = 0.050 V
to 0.150 V in 25 mV steps when RSNS = 1
0x00 = 0.100 V or 0.050 V

0x01 = 0.150 V or 0.075 V

0x02 = 0.200 V or 0.100 V

0x03 =0.250 V or 0.125 V

0x04 = 0.300 V or 0.150 V

0x05 = 0.350 V or 0.175 V

0x06 = 0.400 V or 0.200 V

0x07 = 0.450 V or 0.225 V

Bit 3: Reserved

PF Status AFE Regs

AFE SCD1

H1

0x00

OxFF

Bit 7:4: Short Circuit in Discharge 1 Delay
Time

0x00 to OXOF = 0 ys to 915 ps in 61-ps steps
when SCDDx2 = 00x00 to OXOF = 0 ps to
1830 ps in 122-ps steps when SCDDx2 = 1
0x00 = 0 ps

0x01 = 61 ys or 122 us

0x02 = 122 us or 244 ps

0x03 = 183 ps or 366 ps

0x04 = 244 ps or 488 us

0x05 = 305 us or 610 ps

0x06 = 366 ps or 732 ps

0x07 = 427 ps or 854 ys

0x08 = 488 us or 976 ps

0x09 = 549 ps or 1098 ps

0X0A = 610 s or 1220 ps

0x0B = 671 us or 1342 us

0x0C = 732 us or 1464 ps

0x0D = 793 ps or 1586 ys

OxOE = 854 us or 1708 s

O0xOF = 915 ps or 1830 ys
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Class

Subclass

Name

Type

Min

Max

Default

Description

PF Status

AFE Regs

AFE SCD2

H1

0x00

OxFF

Bit 2:0: Short Circuit in Discharge 2 Threshold
between SRP and SRN

0x00 to 0x07 = 0.100 V to 0.300 V in 50-mV
steps when RSNS = 00x00 to 0x07 = 0.050 V
to 0.150 V in 25-mV steps when RSNS =
10x00 = 0.100 V or 0.050 V

0x01 = 0.150 V or 0.075 V

0x02 = 0.200 V or 0.100 V

0x03 =0.250 V or 0.125 V

0x04 = 0.300 V or 0.150 V

0x05 = 0.350 V or 0.175 V

0x06 = 0.400 V or 0.200 V

0x07 = 0.450 V or 0.225 V

Bit 3: Reserved

Bit 7:4: Short Circuit in Discharge 2 Delay
Time 0x00 to OXOF = 0 ps to 915 us in 61-us
steps when SCDDx2 = 00x00 to OxOF = 0 ps
to 1830 ps in 122-ps steps when SCDDx2 =
10x00 =0 us

0x01 = 30 ps or 61 ps

0x02 = 61 ys or 122 us

0x03 =91 ps or 183 ps

0x04 = 122 ps or 244 ps

0x05 = 152 ps or 305 us

0x06 = 183 us or 366 ps

0x07 = 213 ps or 427 ps

0x08 = 244 ps or 488 us

0x09 = 275 us or 549 ps

0x0A = 305 ps or 610 ps

0x0B = 335 ps or 671 ps

0x0C = 366 s or 732 ps

0x0D = 396 us or 793 us

OXOE = 426 s or 854 ps

OxOF = 458 ps or 915 us

11.14 Black Box

11.14.1 Safety Status
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www.ti.com Black Box

Class Subclass Name Type Min Max Default Description

Bit 0: CUV—Cell Undervoltage
0 = Inactive
1 = Detected
Bit 1: COV—cCell Overvoltage
0 = Inactive
1 = Detected
Bit 2: OCC1—Overcurrent in Charge 1st Tier
0 = Inactive
1 = Detected
Bit 3: OCC2—Overcurrent in Charge 2nd Tier
0 = Inactive
1 = Detected
Bit 4: OCD1—Overcurrent in Discharge 1st Tier
Black Box Safety Status H2 0x0000 OXFFFF 0 0 = Inactive
1 = Detected
Bit 5: OCD2—Overcurrent in Discharge 2nd Tier
0 = Inactive
1 = Detected
Bit 6: OLD—Overload in discharge
0 = Inactive
1 = Detected
Bit 7: OLDL—Overload in discharge latch
1st Safety 0 = Inactive
Status 0-15 1 = Detected
Bit 8: SCC—Short circuit in charge
0 = Inactive
1 = Detected

Bit 9: SCCL—Short circuit in charge latch

0 = Inactive

1 = Detected

Bit 10: SCD—Short circuit in discharge

0 = Inactive

1 = Detected

Bit 11: SCDL—Short circuit in discharge latch
0 = Inactive

1 = Detected

Black Box Safety Status H2 0x0000 OxFFFF 0 Bit 12: OTC—Overtemperature in charge

0 = Inactive

1 = Detected

Bit 13: OTD—Overtemperature in discharge
0 = Inactive

1 = Detected

Bit 14: CUVC—I*R compensated CUV

0 = Inactive

1 = Detected

Bit 15: Reserved
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Class Subclass Name Type Min Max Default Description

Bit 16: OTF—FET overtemperature
0 = Inactive
1 = Detected
Bit 17: HWD—SBS Host watchdog timeout
0 = Inactive
1 = Detected
Bit 18: PTO—Precharging Timeout

Black Box Safety Status H2 0x0000 OXFFFF 0 0 = Inactive
1 = Detected
Bit 19: PTOS—Precharging Timeout Suspend
0 = Inactive
1 = Detected
Bit 20: CTO—Charging Timeout
0 = Inactive
1 = Detected
Bit 21: CTOS—Charging Timeout Suspend
0 = Inactive

1st Safety 1 = Detected
Status 16-31 Bit 22: OC—Overcharge

0 = Inactive
1 = Detected
Bit 23: CHGC—Charging Current higher than
requested
0 = Inactive
1 = Detected

Black Box Safety Status H2 0x0000 OxFFFF 0 Bit 24: CHGV—Charging Voltage higher than
requested
0 = Inactive
1 = Detected
Bit 25: Reserved
Bit 26: Reserved
Bit 27: Reserved
Bit 28: Reserved
Bit 29: Reserved
Bit 30: Reserved
Bit 31: Reserved

Black Box Safety Status ]NS;XI'QVZ;C: Ul 0 255 0 Time from 1st event to 2nd event
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13 TEXAS
INSTRUMENTS

www.ti.com Black Box

Class Subclass Name Type Min Max Default Description

Bit 0: CUV—Cell Undervoltage

0 = Inactive

1 = Detected

Bit 1: COV—cCell Overvoltage

0 = Inactive

1 = Detected

Bit 2: OCC1—Overcurrent in Charge 1st Tier
0 = Inactive

1 = Detected

Bit 3: OCC2—Overcurrent in Charge 2nd Tier
Black Box Safety Status H2 0x0000 OXFFFF 0 0 = Inactive

1 = Detected

Bit 4: OCD1—Overcurrent in Discharge 1st Tier
0 = Inactive

1 = Detected

Bit 5: OCD2—Overcurrent in Discharge 2nd Tier
0 = Inactive

1 = Detected

Bit 6: OLD—Overload in Discharge

0 = Inactive

1 = Detected

Bit 7: OLDL—Overload in discharge latch
2nd Safety 0 = Inactive

Status 0-15 1 = Detected

Bit 8: SCC—Short circuit in charge

0 = Inactive

1 = Detected

Bit 9: SCCL—Short circuit in charge latch
0 = Inactive

1 = Detected

Bit 10: SCD—Short circuit in discharge

0 = Inactive

1 = Detected

Black Box Safety Status H2 0x0000 OxFFFF 0 Bit 11: SCDL—Short circuit in discharge latch
0 = Inactive

1 = Detected

Bit 12: OTC—Overtemperature in charge
0 = Inactive

1 = Detected

Bit 13: OTD—Overtemperature in discharge
0 = Inactive

1 = Detected

Bit 14: CUVC—I*R compensated CUV

0 = Inactive

1 = Detected

Bit 15: Reserved
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Black Box www.ti.com
Class Subclass Name Type Min Max Default Description

Bit 16: OTF—FET overtemperature
0 = Inactive
1 = Detected
Bit 17: HWD—SBS Host watchdog timeout
0 = Inactive
1 = Detected
Bit 18: PTO—Precharging timeout

Black Box Safety Status H2 0x0000 OXFFFF 0 0 = Inactive
1 = Detected
Bit 19: PTOS—Precharging timeout suspend
0 = Inactive
1 = Detected
Bit 20: CTO—Charging timeout
0 = Inactive
1 = Detected
Bit 21: CTOS—Charging timeout suspend
0 = Inactive

2nd Safety 1 = Detected
Status 16-31 Bit 22: OC—Overcharge

0 = Inactive
1 = Detected
Bit 23: CHGC—ChargingCurrent higher than
requested
0 = Inactive
1 = Detected

Black Box Safety Status H2 0x0000 OxFFFF 0 Bit 24: CHGV—Charging Voltage higher than
requested
0 = Inactive
1 = Detected
Bit 25: Reserved
Bit 26: Reserved
Bit 27: Reserved
Bit 28: Reserved
Bit 29: Reserved
Bit 30: Reserved
Bit 31: Reserved

Black Box Safety Status ZI\TSX;FE/Z;? Ul 0 255 0 Time from 2nd event to 3rd event
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13 TEXAS
INSTRUMENTS

www.ti.com Black Box

Class Subclass Name Type Min Max Default Description

Bit 0: CUV—Cell Undervoltage

0 = Inactive

1 = Detected

Bit 1: COV—cCell Overvoltage

0 = Inactive

1 = Detected

Bit 2: OCC1—Overcurrent in Charge 1st Tier
0 = Inactive

1 = Detected

Bit 3: OCC2—Overcurrent in Charge 2nd Tier
0 = Inactive

1 = Detected

Bit 4: OCD1—Overcurrent in Discharge 1st Tier
0 = Inactive

1 = Detected

Bit 5: OCD2—Overcurrent in Discharge 2nd Tier
0 = Inactive

1 = Detected

Bit 6: OLD—Overload in discharge

0 = Inactive

1 = Detected

Bit 7: OLDL—Overload in discharge latch

3rd Safety 0 = Inactive

Status 0-15 1 = Detected

Bit 8: SCC—Short circuit in charge

0 = Inactive

1 = Detected

Bit 9: SCCL—Short circuit in charge latch
0 = Inactive

1 = Detected

Bit 10: SCD—Short circuit in discharge

0 = Inactive

1 = Detected

Bit 11: SCDL—Short circuit in discharge latch
0 = Inactive

1 = Detected

Bit 12: OTC—Overtemperature in charge
0 = Inactive

1 = Detected

Bit 13: OTD—Overtemperature in discharge
0 = Inactive

1 = Detected

Bit 14: CUVC—I*R compensated CUV

0 = Inactive

1 = Detected

Bit 15: Reserved

Black Box Safety Status H2 0x0000 OXFFFF 0

Black Box Safety Status H2 0x0000 OxFFFF 0

SLUUA79-0October 2013 Data Flash Values and Device Configuration 147
Submit Documentation Feedback

Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUUA79

13 TEXAS
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Black Box www.ti.com
Class Subclass Name Type Min Max Default Description
SafetyStatus() bit 16 to bit 31
Bit 16: OTF—FET Overtemperature
0 = Inactive
1 = Detected
Bit 17: HWDSBS—Host Watchdog Timeout
0 = Inactive
1 = Detected
Black Box | Safety Status H2 | 0x0000 | OXFFFF 0 Bit 18: PTO—Precharging Timeout
0 = Inactive
1 = Detected
Bit 19: PTOS—Precharging Timeout Suspend
0 = Inactive
1 = Detected
Bit 20: CTO—Charging Timeout
0 = Inactive
1 = Detected
Bit 21: CTOS—Charging Timeout Suspend
3rd Safety 0 = Inactive
Status 16-31 1 = Detected
Bit 22: OC—Overcharge
0 = Inactive
1 = Detected
Bit 23: CHGC—Charging Current higher than
requested
0 = Inactive
1 = Detected
Black Box Safety Status H2 0x0000 OXFFFF 0 Bit 24: CHGV—Charging Voltage higher than
requested
0 = Inactive
1 = Detected
Bit 25: Reserved
Bit 26: Reserved
Bit 27: Reserved
Bit 28: Reserved
Bit 29: Reserved
Bit 30: Reserved
Bit 31: Reserved
Black Box Safety Status 3rd Time o Ul 0 255 Time since 3rd event
Next Event
11.14.2 PF Status
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Black Box

Class

Subclass

Name

Type

Min

Max

Default

Description

Black Box

PF Status

Black Box

PF Status

1st PF Status
0-15

H2

0x0000

OXFFFF

Bit 0: CUV—Cell Undervoltage

0 = Inactive

1 = Active

Bit 1: COV—cCell Overvoltage

0 = Inactive

1 = Active

Bit 2: CUDEP—Copper Deposition
0 = Inactive

1 = Active

Bit 3: Reserved

Bit 4: OTCE—Overtemperature

0 = Inactive

1 = Active

Bit 5: Reserved

Bit 6: OTF—Overtemperature FET
0 = Inactive

1 = Active

Bit 7: Reserved

H2

0x0000

OXFFFF

Bit 8: CB—Cell Balancing

0 = Inactive

1 = Active

Bit 9: Reserved

Bit 10: CD—Capacity Deterioration

0 = Inactive

1 = Active

Bit 11: VIMR—Voltage Imbalance at Rest
0 = Inactive

1 = Active

Bit 12: VIMA—Voltage Imbalance at Rest
0 = Inactive

1 = Active

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved

Black Box

PF Status

2nd PF Status
16-31

H2

0x0000

OXFFFF

PFStatus() bit 0 to bit 15

Bit 16: CFETF—Charge FET

0 = Inactive

1 = Active

Bit 17: DFET—Discharge FET
0 = Inactive

1 = Active

Bit 18: THERM—Thermistor

0 = Inactive

1 = Active

Bit 19: FUSE—Fuse

0 = Inactive

1 = Active

Bit 20: AFER—AFE Register
0=nla

1 = Active

Bit 21: AFEC—AFE Communication
0 = Inactive

1 = Active

Bit 22: 2LVL—FUSE input indicating fuse trigger
by external 2nd level protection
0 = Inactive

1 = Active

Bit 23: PTC—PTC by AFE

0 = Inactive

1 = Active

Bit 24: IFC—Instruction Flash Checksum
0=n/a

1 = IF checksum failure

Bit 25: OCECO—Open VCx
0=n/a

1 = Active

Bit 26: DFW—DF Wearout
0=n/a

1 = Active

Bit 27: Reserved

Bit 28: Reserved

Bit 29: Reserved

Bit 30: Reserved

Bit 31: Reserved

Black Box

PF Status

1st Time to Next
Event

Ul

255

Time from 1st event to 2nd event
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Class

Subclass

Name

Type

Min

Max

Default

Description

Black Box

PF Status

2nd PF Status
0-15

H2

0x0000

OXFFFF

PFStatus() bit O to bit 15

Bit 0: CUV—Cell Undervoltage

0 = Inactive

1 = Active

Bit 1: COV—Cell Overvoltage

0 = Inactive

1 = Active

Bit 2: CUDEP—Copper Deposition
0 = Inactive

1 = Active

Bit 3: Reserved

Bit 4: OTCE—Overtemperature

0 = Inactive

1 = Active

Bit 5: Reserved

Bit 6: OTF—Overtemperature FET
0 = Inactive

1 = Active

Bit 7: QIM—QMAX Imbalance

0 = Inactive

1 = Active

Bit 8: CB—Cell Balancing

0 = Inactive

1 = Active

Bit 9: IMP—Cell Impedance

0 = Inactive

1 = Active

Bit 10: CD—Capacity Deterioration
0 = Inactive

1 = Active

Bit 11: VIMR—Voltage Imbalance at Rest
0 = Inactive

1 = Active

Bit 12: VIMA—Voltage Imbalance at Rest
0 = Inactive

1 = Active

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved

Black Box

PF Status

2nd PF Status
16-32

H2

0x0000

OXFFFF

PFStatus() bit 16 to bit 31

Bit 16: CFETF—Charge FET

0 = Inactive

1 = Active

Bit 17: DFET—Discharge FET
0 = Inactive

1 = Active

Bit 18: THERM—Thermistor

0 = Inactive

1 = Active

Bit 19: FUSE—Fuse

0 = Inactive

1 = Active

Bit 20: AFER—AFE Register
0=n/a

1 = Active

Bit 21: AFEC—AFE Communication
0 = Inactive

1 = Active

Bit 22: 2LVL—FUSE input indicating fuse trigger
by external 2nd level protection
0 = Inactive

1 = Active

Bit 23:PTC—PTC by AFE

0 = Inactive

1 = Active

Bit 24: IFC—Instruction Flash Checksum
0=n/a

1 = IF checksum failure

Bit 25: OCECO—Open VCx
0=n/a

1 = Active

Bit 26: DFW—DF wearout
0=n/a

1 = Active

Bit 27: Reserved

Bit 28: Reserved

Bit 29: Reserved

Bit 30: Reserved

Bit 31: Reserved
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www.ti.com Black Box

Class

Subclass

Name

Type

Min

Max

Default

Description

Black Box

PF Status

2nd Time to
Next Event

Ul

255

0

Time from 2nd event to 3rd event

Black Box

PF Status

3rd PF Status
0-15

H2

0x0000

OXFFFF

PFStatus() bit 0 to bit 15

Bit 0: CUV—Cell undervoltage
0 = Inactive

1 = Active

Bit 1: COV—cCell overvoltage

0 = Inactive

1 = Active

Bit 2: CUDEP—Copper Deposition
0 = Inactive

1 = Active

Bit 3: Reserved

Bit 4: OTCE—Overtemperature
0 = Inactive

1 = Active

Bit 5: Reserved

Bit 6: OTF—Overtemperature FET
0 = Inactive

1 = Active

Bit 7: QIM—QMAX Imbalance
0 = Inactive

1 = Active

Bit 8: CB—Cell balancing

0 = Inactive

1 = Active

Bit 9: IMP—Cell impedance

0 = Inactive

1 = Active

Bit 10: CD—Capacity Deterioration

0 = Inactive

1 = Active

Bit 11: VIMR—Voltage imbalance at Rest
0 = Inactive

1 = Active

Bit 12: VIMA—Voltage imbalance at Rest
0 = Inactive

1 = Active

Bit 13: Reserved

Bit 14: Reserved

Bit 15: Reserved
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Class Subclass Name Type Min Max Default Description
PFStatus() bit 16 to bit 31
Bit 16: CFETF—Charge FET
0 = Inactive
1 = Active
Bit 17: DFET—Discharge FET
0 = Inactive
1 = Active
Bit 18: THERM—Thermistor
0 = Inactive
1 = Active
Bit 19: FUSE—Fuse
0 = Inactive
1 = Active
Bit 20: AFER—AFE Register
0=n/a
1 = Active
Bit 21: AFEC—AFE Communication
0 = Inactive
1 = Active
3rd PF Status Bit 22: 2LVL—FUSE input indicating fuse trigger
Black Box PF Status 16-32 H2 0x0000 | OxFFFF 0 by external 2nd level protection
0 = Inactive
1 = Active
Bit 23:PTC—PTC by AFE
0 = Inactive
1 = Active
Bit 24: IFC—Instruction Flash Checksum
0=n/a
1 = IF checksum failure
Bit 25: OCECO—Open VCx
0=n/a
1 = Active
Bit 26: DFW—DF wearout
0=n/a
1 = Active
Bit 27: Reserved
Bit 28: Reserved
Bit 29: Reserved
Bit 30: Reserved
Bit 31: Reserved
Black Box PF Status 3rd Time o Ul 0 255 0 Time since 3rd event
Next Event
11.15 Calibration
11.15.1 Voltage
Class Subclass Name Type Min Max Default Description
Calibration Voltage Cell Scale 0 12 -32768 32767 20451 VC1-VSS Cell 0 gain
Calibration Voltage Cell Scale 1 12 —32768 32767 20468 VC2-VC1 Cell 1 gain
Calibration Voltage Cell Scale 2 12 -32768 32767 20520 VC3-VC2 Cell 2 gain
Calibration Voltage Cell Scale 3 12 -32768 32767 20517 VC4-VC3 Cell 3 gain
Calibration Voltage Pack Gain 12 -32768 32767 44100 PACK-VSS gain
Calibration Voltage Battery Gain 12 -32768 32767 44100 VC4-VSS gain
11.15.2 Current
Class Subclass Name Type Min Max Default Description
Calibration Current CC Gain F4 1.00E-001 4.00E+000 0.9419 Coulomb Counter Gain
Calibration Current Capacity Gain F4 2.98E+004 1.19E+006 280932.625 | Capacity Gain
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www.ti.com Calibration
11.15.3 Current Offset
Class Subclass Name Type Min Max Default Description
Calibration Current Offset CC Offset 12 —32768 32767 —7204 Coulomb Counter Offset
Coulomb
. . Coulomb Counter Offset
Calibration Current Offset Cotgnter Offset u2 0 65535 64 Samples used for averaging
amples
Calibration Current Offset Board Offset 12 -32768 32767 0 PCB board offset
11.15.4 Temperature
Class Subclass Name Type Min Max Default Unit Description
Calibration Temperature Internal Temp 11 -128 127 0 0.1°C Inter_nal temperature sensor
Offset reading offset
Calibration Temperature External 1 11 -128 127 0 0.1°C TS1 temperature sensor reading
Temp Offset offset
Calibration | Temperature External 2 11 ~128 127 0 o1°c | 152 temperature sensor reading
Temp Offset offset
11.15.5 Internal Temp Model
Class Subclass Name Type Min Max Default Description
Calibration Internal Temp Int Coeff 1 12 _32768 32768 0 Internal t_emperature calculation
Model polynomial value 1
Calibration Internal Temp Int Coeff 2 12 _32768 32768 0 Internal t_emperature calculation
Model polynomial value 2
Calibration Internal Temp Int Coeff 3 12 _32768 32768 _11136 Internal temperature calculation
Model polynomial value 3
I Internal Temp Internal temperature calculation
Calibration Model Int Coeff 4 12 —32768 32768 5754 polynomial value 4
I Internal Temp - Minimum AD count used for
Calibration Model Int Minimum AD 12 —32768 32768 0 calculation
Calibration Internal Temp Int Maximum 12 _32768 32768 5754 Maximum Temperature
Model Temp boundary
11.15.6 Cell Temp Model
Class Subclass Name Type Min Max Default Description
S Cell Temp - Cell Temperature calculation
Calibration Model Coefficient al 12 —32768 32768 —14520 polynomial al
Calibration | Ce!TEMP | coefficient a2 2 32768 32768 23696 Cell Temperature calculation
Model polynomial a2
Calibration | Ce!TEMP | coefficient a3 12 32768 32768 _20208 | Cell Temperature calculation
Model polynomial a3
calibration | CE!TEMP | coefficient a4 12 32768 32768 28073 Cell Temperature calculation
Model polynomial a4
Calibration Cell Temp Coefficient a5 2 32768 32768 865 Cell Temperature calculation
Model polynomial a5
I Cell Temp . Cell Temperature calculation
Calibration Model Coefficient bl 12 —32768 32768 —-694 polynomial b1
S Cell Temp - Cell Temperature calculation
Calibration Model Coefficient b2 12 —32768 32768 1326 polynomial b2
calibration | Ce!TEMP | coefficient b3 12 32768 32768 _3ggo | Cell Temperature calculation
Model polynomial b3
Calibration | C&!TEMP | coefficient ba 12 32768 32768 5127 Cell Temperature calculation
Model polynomial b4
Calibration Cﬂ;gl“p RcO 12 -32768 32768 11703 Resistance at 25°C
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Class Subclass Name Type Min Max Default Description
Calibration C?\'/'I(LZTP AdcO 12 -32768 32768 11703 ADC reading at 25°C
I Cell Temp .
Calibration Model Rpad 12 —32768 32768 0 Pad Resistance
Calibration C?\I/:(Lirrlp Rint 12 -32768 32768 0 Pull up resistor resistance
11.15.7 FET Temp Model
Class Subclass Name Type Min Max Default Description
. FET Temp . FET Temperature calculation
Calibration Model Coefficient al 12 —32768 32768 —14520 polynomial al
I FET Temp - FET Temperature calculation
Calibration Model Coefficient a2 12 —32768 32768 23696 polynomial a2
Calibration | FET TeMP | coefficient a3 2 32768 32768 20208 | FET Temperature calculation
Model polynomial a3
calibration | FET TEMP | coefficient a4 2 32768 32768 28073 FET Temperature calculation
Model polynomial a4
calibration | FETTeMP | coefficient a5 12 32768 32768 865 FET Temperature calculation
Model polynomial a5
calibration | FETTeMP | coefficient bl 12 32768 32768 694 FET Temperature calculation
Model polynomial b1
. FET Temp . FET Temperature calculation
Calibration Model Coefficient b2 12 —32768 32768 1326 polynomial b2
I FET Temp - FET Temperature calculation
Calibration Model Coefficient b3 12 —32768 32768 —3880 polynomial b3
calibration | FET T8MP | coefficient ba 12 32768 32768 5127 FET Temperature calculation
Model polynomial b4
Calibration | 57 TemP RcO 2 32768 32768 11703 Resistance at 25°C
Calibration FEJOLZT"’ AdcO 12 —32768 32768 11703 ADC reading at 25°C
Calibration FEJOLZTF’ Rpad 12 ~32768 32768 0 Pad Resistance
Calibration FEJOLZ’I“F’ Rint 12 ~32768 32768 0 Pull up resistor resistance
11.15.8 Filter
Class Subclass Name Type Min Max Default Description
Calibration Filter Cell Voltage 1 Ul 0 255 145
Calibration Filter Cell Voltage 2 Ul 0 255 145 ) .
Low pass filter settings for
Calibration Filter Cell Voltage 3 Ul 0 255 145 averaging, sample setting values
Calibration Filter Cell Voltage 4 U1 0 255 145 | and associated low-pass filter ime
constants are in Table C-2.
Calibration Filter Pack Voltage Out Ul 0 255 10 Chosen filter settings will have an
Direct Batter effect on protection delays. Higher
Calibration Filter Voltage y Ul 0 255 10 filter values will cause voltages and
9 temperature to take longer to
I ] Summed Battery respond to stimulus to reach
Calibration Filter Voltage Ul 0 255 145 threshold, for example. A filter
— - value of 50 closely matches the
Calibration Filter Cell Temperature Ul 0 255 145 behavior of previous gas gauges.
. . . FET
Calibration Filter Temperature Ul 0 255 145

11.15.9 Current Deadband
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INSTRUMENTS
www.ti.com Data Flash Values
Class Subclass Name Type Min Max Default Unit Description
. ' Current
Calibration Deadband Deadband Ul 0 255 3 mA Deadband to report 0 mA
Current Coulomb Coulomb counter deadband to
Calibration Counter U1 0 255 34 uv
Deadband report 0 charge
Deadband

11.16 Data Flash Values

Table 11-1. bg30z554-R1 Data Flash Subclass ID and Offset

Class Subclass ID Subclass Offset Name 'II?;;Z Min. Value | Max. Value | Default Value Units
0 Threshold 12 0 32767 2800 mV
Protections 257 Cuv 2 Delay Ul 0 255 2 S
3 Recovery 12 0 32767 3000 mV
0 Threshold 12 0 32767 2900 mvV
Protections 262 Ccuvc 2 Delay Ul 0 255 2 s
3 Recovery 12 0 32767 3000 mV
0 Threshold Low 2 0 32767 4250 mv
Temp
Threshold
2 Standard Temp 12 0 32767 4250 mvV
4 Threshold High 12 0 32767 4250 mv
Temp
Threshold Rec
6 Temp 12 0 32767 4250 mV
Protections 267 cov 8 Delay Ul 0 255 2 s
Recovery Low
9 Temp 12 0 32767 4150 mV
Recovery
11 Standard Temp 12 0 32767 4150 mV
Recovery High
13 Temp 12 0 32767 4150 mvV
15 Recovery Rec 12 0 32767 4150 mv
Temp
0 Threshold 12 -32768 32767 6000 mA
Protections 284 OCC1
2 Delay Ul 0 255 6 S
0 Threshold 12 -32768 32767 8000 mA
Protections 287 occ2
2 Delay Ul 0 255 3 s
Recovery
0 12 -32768 32767 -50 mA
Protections 290 occ Threshold
2 Recovery Delay Ul 0 255 5 s
. 0 Threshold 12 -32768 32767 —6000 mA
Protections 293 OCD1
2 Delay U1 0 255 6 s
i 0 Threshold 12 -32768 32767 —-8000 mA
Protections 296 OCD2
2 Delay Ul 0 255 3 S
Recovery
0 12 -32768 32767 50 mA
Protections 299 OCD Threshold
2 Recovery Delay Ul 0 255 5 S
0 Threshold H1 0 of 09 —
1 Delay H1 0 of of —
. 2 Latch Limit U1l 0 255 0 —
Protections 302 OLD
3 Counter Dec Delay Ul 0 255 10 s
4 Recovery Ul 0 255 5 S
5 Reset Ul 0 255 15 S
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Table 11-1. bq30z554-R1 Data Flash Subclass ID and Offset (continued)

Class Subclass ID Subclass Offset Name -Il:—);;i Min. Value | Max. Value | Default Value Units
0 Threshold H1 0 ff 77 —
1 Latch Limit U1 0 255 0 mA
Protections 308 ScC 2 Counter Dec Delay Ul 0 255 10 s
3 Recovery Ul 0 255 5 S
4 Reset Ul 0 255 15 S
Protections 313 SCD1 0 Threshold H1 0 ff 77 —
Protections 314 SCD2 0 Threshold H1 0 ff e7 —
0 Latch Limit U1 0 255 0 mA
Protections 315 scb 1 Counter Dec Delay Ul 0 255 10 s
2 Recovery Ul 0 255 5 S
3 Reset Ul 0 255 15 S
0 Threshold 12 —-400 1500 550 1°C
Protections 319 oTC 2 Delay Ul 0 255 2 s
3 Recovery 12 —-400 1500 500 1°C
0 Threshold 12 —-400 1500 600 1°C
Protections 324 OTD 2 Delay Ul 0 255 2 S
3 Recovery 12 -400 1500 550 1°C
0 Threshold 12 —-400 1500 800 1°C
Protections 329 OTF 2 Delay Ul 0 255 2 s
3 Recovery 12 —-400 1500 650 1°C
Protections 334 HWD 0 Delay Ul 0 255 10 s
0 Charge Threshold 12 -32768 32767 2000 mA
orotesion s oro 2 Suspend 2 32768 32767 1800 mA
Delay u2 0 65535 1800 s
Reset 12 0 32767 2 mAh
Charge Threshold 12 -32768 32767 2500 mA
orotections s oo 2 TSh‘:Z’;ﬁgﬁj 12 -32768 32767 2000 mA
4 Delay u2 0 65535 54000 S
6 Reset 12 0 32767 2 mAh
0 Threshold 12 -32768 32767 300 mAh
Protections 351 oC 2 Recovery 12 -32768 32767 2 mAh
4 RSOC Recovery U1 0 100 90 %
0 Threshold 12 -32768 32767 500 mV
Protections 356 CHGV 2 Delay Ul 0 255 30 S
3 Recovery 12 -32768 32767 -500 mV
0 Threshold 12 -32768 32767 500 mA
Protections 361 CHGC 2 Delay Ul 0 255 2 s
3 Recovery 12 -32768 32767 100 mA
Permanent Fail 366 cuv 0 Threshold 12 0 32767 2500 mV
2 Delay Ul 0 255 2 S
Permanent Fail 369 cov 0 Threshold 12 0 32767 4400 mvV
2 Delay Ul 0 255 2 s
Permanent Fail 372 CUDEP 0 Threshold 12 2500 0 32767 mV
2 Delay Ul 2 0 255 S
Permanent Fail 375 OTCE 0 Threshold 12 -400 1500 650 1°C
2 Delay Ul 0 255 2 S
Permanent Fail 378 oTF 0 Threshold 12 —-400 1500 1000 1°C
2 Delay Ul 0 255 2 s

156 Data Flash Values and Device Configuration

Copyright © 2013, Texas Instruments Incorporated

SLUUA79-October 2013

Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUUA79

13 TEXAS
INSTRUMENTS

www.ti.com Data Flash Values

Table 11-1. bq30z554-R1 Data Flash Subclass ID and Offset (continued)

Class Subclass ID Subclass Offset Name -Il:—);;i Min. Value | Max. Value | Default Value Units
0 Max Threshold 12 0 32767 120 h
Permanent Fail 384 CB 2 Delta Threshold ul 0 255 20 h
3 Delay Ul 0 255 2 cycles
0 Check Voltage 12 0 5000 3600 mV
2 Check Current 12 0 32767 10 mA
Permanent Fail 388 VIMR 4 Delta Threshold 12 0 5000 200 mVv
6 Delta Delay Ul 0 255 2 s
7 Duration U2 0 65535 100 s
0 Check Voltage 12 0 5000 3600 mV
2 Check Current 12 0 32767 10 mA
Permanent Fail 397 VIMA
4 Delta Threshold 12 0 5000 300 mVv
6 Delay Ul 0 255 2 S
. 0 Threshold 12 0 32767 4200 mAh
Permanent Fail 409 CD
2 Delay Ul 0 255 2 cycles
0 OFF Threshold 12 0 500 5 mA
Permanent Fail 412 CFET
2 OFF Delay Ul 0 255 2 S
0 OFF Threshold 12 -500 0 -5 mA
Permanent Fail 415 DFET
2 OFF Delay Ul 0 255 2 S
Permanent Fail 418 THERM 4 ADC Delay Ul 0 255 10 s
. 0 Threshold 12 0 255 5 mA
Permanent Fail 423 FUSE
2 Delay U1 0 255 2 s
0 Threshold Ul 0 255 100 —
Permanent Fail 426 AFER 1 Delay Period Ul 0 255 2 S
2 Compare Period Ul 0 255 5 S
0 Threshold ul 0 255 100 —
Permanent Fail 429 AFEC -
1 Delay Period Ul 0 255 5 s
Permanent Fail 431 2LVL 0 Delay 12 0 255 2 S
. 0 Threshold 12 0 32767 5000 mv
Permanent Fail 432 OCECO
2 Delay Ul 0 255 2 S
0 T1 Temp 11 -128 127 0 °C
1 T2 Temp 11 -128 127 12 °C
Advanced Temperature 2 T5 Temp 11 -128 127 20 C
Charging 109 Rgnges 3 T6 Temp 11 -128 127 25 °C
Algorithm 4 T3 Temp I _128 127 30 °C
5 T4 Temp 11 -128 127 55 °C
6 Hysteresis Temp 11 -128 127 0 °C
0 Voltage 12 0 32767 3000 mV
Acdhvaargti?:; 116 Low Temp 2 Current Low 12 0 32767 132 mA
Algorithm Charging 4 Current Med 12 0 32767 352 mA
6 Current High 12 0 32767 264 mA
0 Voltage 12 0 32767 4200 mV
Advanced Standard 2 Current Low 12 0 32767 1980 mA
Charging 124 Temp
Algorithm Charging 4 Current Med 12 0 32767 4004 mA
6 Current High 12 0 32767 2992 mA
0 Voltage 12 0 32767 4000 mV
AcdhvaargiC:gd 152 High Temp 2 Current Low 12 0 32767 1012 %C
Algorithm Charging 4 Current Med 12 0 32767 1980 %C
6 Current High 12 0 32767 1496 %C
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Table 11-1. bq30z554-R1 Data Flash Subclass ID and Offset (continued)

Class Subclass ID Subclass Offset Name -Il:—);;i Min. Value | Max. Value | Default Value Units
0 Voltage 12 0 32767 4100 mvV
Acdhvaargti?:; 40 Rec Temp 2 Current Low 12 0 32767 2508 mA
Algorithm Charging 4 Current Med 12 0 32767 4488 mA
6 Current High 12 0 32767 3520 mA
Advanced
Charging 148 Pre-Charging 0 Current 12 0 32767 88 mA
Algorithm
Advanced .
Charging 150 M'é'ﬂ;?nﬁ]nce 0 Current 12 0 32767 44 mA
Algorithm 9ing
0 Charging Voltage 12 0 32767 2500 mv
Low
Advanced 2 Chargih Voliage 12 0 32767 3600 mv
- Voltage Me
Charging 152 Range -
Algorithm 4 Chafg'ﬂ?gxo'tage 12 0 32767 4000 mv
Charging Voltage
6 Hysteresis Ul 0 255 0 mV
Charge Term
Advanced o 0 T e et 12 0 32767 250 mA
; Termination p
Charging 159 Config ch T
Algorithm arge ferm
9 4 Voltage 12 0 32767 75 mv
o | BaTmemARCel| y, 0 65535 367 s/mAh
2 | BATImEMARCEl |y, 0 65535 514 s/mAh
Advanced ) :
Charging 168 Cell Balgncmg 4 Min Start Balance U1l 0 255 3 mv
: Config Delta
Algorithm
Relax Balance
5 Interval U4 0 4294967295 18000 5
9 M'Qaﬁ{;%ﬁ;"’ u1 0 100 80 %
Advanced . 0 Current Rate Ul 1 255 1 steps
Charging 178 Charging Rate
Algorithm of Change 1 Voltage Rate U1l 1 255 1 steps
CCC Current
Advanced 0 Threshold 12 0 32767 3520 mA
- Charge Loss
Charging 180 Compensation CCC Vol
Algorithm oltage
g 2 Threshold 12 0 32767 4200 mV
Manufacturer abcdefghijkimn
System Data 450 0 Manufacturerinfo S33 X X opgrstuvwzxy01 —
Data
2345
System Data 483 Integrity 4 th:cgisn:] H2 0 ffff 0 —
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Table 11-1. bq30z554-R1 Data Flash Subclass ID and Offset (continued)
Class Subclass ID Subclass Offset Name .?;;2 Min. Value | Max. Value | Default Value Units
Remaining AH
0 Cap. Alarm 12 0 32767 300 mAh
Remaining WH
2 Cap. Alarm 12 0 32767 432 cWh
4 Remaining Time u2 0 65535 10 min
Alarm
Initial Battery
6 Mode H2 0 ffff 81 —
8 Design Voltage 12 0 32767 14400 mV
10 Spemﬂca_tlon H2 0 i 31 o
Information
12 Manufacture Date u2 0 65535 0 date
SBS 489 Data 14 Serial Number H2 0 fif 1 —
Configuration
16 Cycle Count u2 0 65535 0 —
Cycle Count o
18 Percentage U1 0 100 90 %
19 Max Error Limit Ul 0 100 100 %
20 Design Capacity 12 0 32767 4400 mAh
mAh
22 Design Capacity 2 0 32767 6336 cWh
cWh
24 Manufacturer 21 X X Texas .
Name Instruments
45 Device Name S21 X X bg30z554-R1 —
66 Device Chemistry S5 X X LION —
Set Voltage
0 Threshold 12 0 5000 3000 mv
Clear Voltage
sBs 2 Threshold 12 0 5000 3100 mv
Configuration 560 FD Set % RSOC .
4 Threshold vl 0 100 0 %
Clear % RSOC
5 Threshold vl 0 100 5 %
Set Voltage
0 Threshold 12 0 5000 4200 mvV
Clear Voltage
sBS 2 Threshold 12 0 5000 4100 mv
Configuration 566 FC Set % RSOC
4 U1 0 100 100 %
Threshold
Clear % RSOC
5 Threshold Ul 0 100 95 %
Set Voltage
0 Threshold 12 0 5000 3200 mV
Clear Voltage
sBs 2 Threshold 12 0 5000 3300 mvV
Configuration 572 TDA Set % RSOC
et %
4 Threshold U1 0 100 10 %
Clear % RSOC
5 Threshold U1 0 100 15 %
Set Voltage
0 Threshold 12 0 5000 4200 mv
Clear Voltage
sBs 2 Threshold 12 0 5000 4100 mv
Configuration 578 TCA Set % RSOC
4 Ul 0 100 100 %
Threshold
Clear % RSOC
5 Threshold Ul 0 100 95 %
Time Cycle
3 . U1 0 255 12 h
SBS 584 Max Error Equivalent
Configuration
4 Cycle Delta Ul 0 255 5 %
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Table 11-1. bq30z554-R1 Data Flash Subclass ID and Offset (continued)

Class Subclass ID Subclass Offset Name E;rt)eel Min. Value | Max. Value | Default Value Units
0 Max Cell Voltage O Ul 0 255 0 mvV
1 Max Cell Voltage 1 Ul 0 255 0 mV
2 Max Cell Voltage 2 Ul 0 255 0 mvV
3 Max Cell Voltage 3 Ul 0 255 0 mV
Lifetimes 704 Voltage 4 Min Cell Voltage 0 Ul 0 255 255 mV
5 Min Cell Voltage 1 Ul 0 255 255 mV
6 Min Cell Voltage 2 Ul 0 255 255 mvV
7 Min Cell Voltage 3 Ul 0 255 255 mV
8 Max Delta Cell U1l 0 255 0 mv
Voltage
Max Charge
0 Current U1l 0 255 0 mA
Max Discharge
1 Current U1 0 255 0 mA
Lifetimes 713 Current Max Ava DSG
ax Avg
2 Current ul 0 255 0 mA
3 Max Avg DSG u1 0 255 0 W
Power
0 No Of COV Events Ul 0 255 0 events
1 Last COV Event Ul 0 255 0 cycles
2 No Of CUV Events Ul 0 255 0 events
3 Last CUV Event Ul 0 255 0 cycles
No Of OCD1
4 Events U1l 0 255 0 events
5 Last OCD1 Event Ul 0 255 0 cycles
No Of OCD2
6 Events U1l 0 255 0 events
7 Last OCD2 Event Ul 0 255 0 cycles
No Of OCC1
8 Events U1l 0 255 0 events
9 Last OCC1 Event Ul 0 255 0 cycles
10 No Of OCC2 u1 0 255 0 events
Lifetimes 717 Safety Events Events
11 Last OCC2 Event Ul 0 255 0 cycles
12 No Of OLD Events Ul 0 255 0 events
13 Last OLD Event Ul 0 255 0 cycles
14 No Of SCD Events Ul 0 255 0 events
15 Last SCD Event Ul 0 255 0 cycles
16 No Of SCC Events Ul 0 255 0 events
17 Last SCC Event Ul 0 255 0 cycles
18 No Of OTC Events Ul 0 255 0 events
19 Last OTC Event Ul 0 255 0 cycles
20 No Of OTD Events Ul 0 255 0 events
21 Last OTD Event Ul 0 255 0 cycles
22 No Of OTF Events Ul 0 255 0 events
23 Last OTF Event Ul 0 255 0 cycles
, 0 No Valid Charge U1 0 255 0 events
o Charging Term
Lifetimes 741 Events st Valid Ch
ast Vali arge
1 Term Ul 0 255 0 cycles
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Table 11-1. bq30z554-R1 Data Flash Subclass ID and Offset (continued)
Class Subclass ID Subclass Offset Name -Il:—);;i Min. Value | Max. Value | Default Value Units
No Of QMAX
0 Updates Ul 0 255 0 events
Last QMAX
o 1 Update Ul 0 255 0 cycles
- augin
Lifetimes 743 Eve%tsg 2 No Of Ra Updates U1 0 255 0 events
3 Last Ra Update Ul 0 255 0 cycles
4 No Of Ra Disable Ul 0 255 0 events
5 Last Ra Disable Ul 0 255 0 cycles
Lifetimes 749 Power Events 0 No Of Shutdowns Ul 0 255 0 events
0 Cb Time Cell 0 Ul 0 255 0 h
1 Cb Time Cell 1 Ul 0 255 0 h
Lifetimes 753 Cell Balancing
2 Cb Time Cell 2 Ul 0 255 0 h
3 Cb Time Cell 3 Ul 0 255 0 h
0 Max Temp Cell 11 -128 127 -128 °C
1 Min Temp Cell 11 -128 127 127 °C
2 Max Detta Cell 11 _128 127 0 °c
Temp
Lifetimes 757 Temperature
P 3 Max Temp Int 11 -128 127 -128 °C
Sensor
Min Temp Int o
4 Sensor 11 -128 127 127 C
5 Max Temp Fet 11 -128 127 -128 °C
0 Total Fw Runtime u2 0 65535 0 h
2 Time Spent In UT u2 0 65535 0 h
4 Time Spent In LT u2 0 65535 0 h
6 Time Spent In STL u2 0 65535 0 h
Lifetimes 763 Time 8 Time Spent In RT U2 0 65535 0 h
Time Spent In
10 STH u2 0 65535 0 h
12 Time Spent In HT u2 0 65535 0 h
14 Time Spent In OT u2 0 65535 0 h
PF Fuse 0-15 H2 0 ffff 0 —
Settings 185 Fuse PF Fuse 16-31 H2 0 ffff 0 —
4 Min Blow Fuse 12 0 65535 8000 mv
Voltage
Settings 191 Manufacturing 0 Ma”g{:fl}‘s‘””g H2 0 ffff 8000 —
Enabled
) ) 0 Protections 0-15 H2 0 fff fift -
Settings 193 Protection Enabled
nable
2 Protections 16-31 H2 0 fft fiff -
0 Enabled PF 0-15 H2 0 ffff ffff —
Settings 197 Permanent
Failure 2 Enabled PF 16-31 H2 0 ffif it —
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Table 11-1. bq30z554-R1 Data Flash Subclass ID and Offset (continued)

Class Subclass ID Subclass Offset Name E;rt)eel Min. Value | Max. Value | Default Value Units
Protection
0 Configuration HL 0 ff 01 -
Temperature
1 Configuration H2 0 fft 0087 -
3 Charging HL 0 ff 0 —
Configuration
4 System H2 0 1 32 —
Settings 201 Configuration Configuration
6 Gauging H2 0 fff 1fda —
Configuration
8 Sbs Configuration H1 0 ff 20 —
Sbs Data Config.
9 015 H2 0 offf Ocaf —
Sbs Data Config.
11 16-23 H1 0 ff ff —
Settings 213 AFE 1 AFE State Control H1 0 ff 0 —
Valid Update
Power 228 Power 0 Voltage 12 0 32767 7500 mV
Shutdown Voltage 12 0 32767 1750 mV
Power 230 Shutdown Shutdown Time Ul 0 255 10 s
Charger Present
3 Threshold 12 0 32767 3000 mV
0 Sleep Current 12 0 32767 10 mA
7 Voltage Time Ul 0 255 5 S
Power 235 Sleep -
8 Current Time Ul 0 255 20 S
9 Wake H1 0 ff 0 —
Power 245 Ship 0 Delay Ul 0 255 5 S
0 Timeout u2 0 65535 30 min
Power 246 Power Off
2 Debounce Ul 0 255 4 sl4
DSG Current
0 Threshold 12 -32768 32767 100 mA
. Current
Gas Gauging 249 CHG Current
Thresholds 2 Threshold 12 -32768 32767 50 mA
4 Quit Current 12 0 32767 10 mA
0 QMAX Cell 0 12 0 32767 4400 mAh
2 QMAX Cell 1 12 0 32767 4400 mAh
4 QMAX Cell 2 12 0 32767 4400 mAh
6 QMAX Cell 3 12 0 32767 4400 mAh
8 QMAX Pack 12 0 32767 4400 mAh
12 Update Status H1 0 ff 0 —
Cell 0 Chg Voltage
13 at EoC 12 0 32767 4200 mV
Cell 1 Chg Voltage
15 at EoC 12 0 32767 4200 mV
Gas Gauging 832 State 17 Cell 2 Chg Voltage 12 0 32767 4200 mv
at EoC
19 | Cell3Chg Voltage | -, 0 32767 4200 mv
at EoC
21 Current at EoC 12 0 32767 250 mA
23 Avg | Last Run 12 -32768 32767 —-2000 mA
25 Avg P Last Run 12 -32768 32767 -3022 cwW
27 Delta Voltage 12 -32768 32767 0 mV
33 Max /:;’L?n' Last 12 -32768 32767 ~2000 mA
35 Max £Avg P Last 2 32768 32767 3022 ow
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Table 11-1. bq30z554-R1 Data Flash Subclass ID and Offset (continued)
Class Subclass ID Subclass Offset Name -Il:—);;i Min. Value | Max. Value | Default Value Units
Load Select Ul 0 255 7 —
Load Mode ul 0 255 0 —
16 Ra Filter u2 0 999 500 %
19 Ra Max Delta Ul 0 255 15 %
21 Design Resistance 12 1 32767 42 mQ
23 Reference Grid Ul 0 14 4 —
24 paaance u2 1 65534 65142 —
) 64 Term Voltage 12 0 32767 9000 mVv
Gas Gauging 509 e 66 Temg;’gtage 12 0 32767 300 mv
83 User Rate-mA 12 —9000 0 0 mA
85 User Rate-cW 12 -32768 0 0 cW
87 Reserve Cap-mAh 12 0 9000 0 mAh
89 Reserve Cap-cWh 12 0 32000 0 cWh
95 Smo%flg?rfg ‘Ijzilter ul 0 285 250 -
9 Fast Sscg'ce Start u1 0 100 10 %
Min Turbo Power 12 -32768 0 0 cW
Pack Resistance 12 0 32767 30 mQ
4 System 2 0 32767 0 mQ
Gas Gauging 970 Turbo Cfg Resistance
6 Max Current Rate 11 -127 0 —4 C-rate
7 High Frequency 12 0 32767 20 mQ
Resistance
9 Reserve Energy % 11 0 100 2 %
0 Cell0 R_a flag H2 0 ffff ff55 —
2 CellOR_a0 12 0 32767 182 27-10 Q
4 CellOR_al 12 0 32767 177 27-10 Q
6 CelOR_a2 12 0 32767 175 27~10 Q
8 CelOR_a3 12 0 32767 167 27~10 Q
10 CelOR_a 4 12 0 327672 166 27-10 Q
12 CellOR_a5 12 0 32767 182 27-10 Q
Ra Table 1280 R a0 14 CellOR_a6 12 0 32767 194 27-10 Q
16 CellOR_a7 12 0 32767 203 27-10 Q
18 CelOR_a8 12 0 32767 213 27~10 Q
20 CelOR_a9 12 0 32767 223 27~10 Q
22 CellOR_a 10 12 0 32767 233 27-10 Q
24 CellOR_a 1l 12 0 32767 241 27-10 Q
26 CellOR_a 12 12 0 32767 250 27-10 Q
28 CellOR_a 13 12 0 32767 254 27-10 Q
30 CellOR_a 14 12 0 32767 1500 27~10 Q
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Table 11-1. bq30z554-R1 Data Flash Subclass ID and Offset (continued)

Class Subclass ID Subclass Offset Name -Il:—);;i Min. Value | Max. Value | Default Value Units
0 Celll R_a flag H2 0 ffff ff55 —
2 CelllR_a0 12 0 32767 163 27~10 Q
4 CellR_al 12 0 32767 151 27~10 Q
6 CelllR_a?2 12 0 32767 152 27~10 Q
8 CelllR_a3 12 0 32767 143 27-10 Q
10 CelllR_a4 12 0 32767 145 27-10 Q
12 CelllR_a5 12 0 32767 162 27~10 Q
Ra Table 1344 R al 14 CelllR_a6 12 0 32767 178 27~10 Q
- 16 CellR_a?7 12 0 32767 188 27~10 Q
18 CelllR_a8 12 0 32767 200 27~10 Q
20 CelllR_a9 12 0 32767 206 27-10 Q
22 Celll R_a 10 12 0 32767 216 27-10 Q
24 CelllR_al1 12 0 32767 230 27~10 Q
26 Celll R_al2 12 0 32767 240 27~10 Q
28 Celll R_a13 12 0 32767 254 27-10 Q
30 CelllR_al4 12 0 32767 1500 27~10 Q
0 Cell2 R_aflag H2 0 ffff ff55 —
2 Cel2R_a0 12 0 32767 157 27-10 Q
4 Cell2R_al 12 0 32767 147 27~10 Q
6 Cel2R_a2 12 0 32767 146 27~10 Q
8 Cel2R_a3 12 0 32767 138 27~10 Q
10 Cel2R_a4 12 0 32767 139 27~10 Q
12 Cel2R_a5 12 0 32767 156 27-10 Q
Ra Table 1408 R a2 14 Cel2R_a6 12 0 32767 172 27-10 Q
- 16 Cell2R_a7 12 0 32767 184 27~10 Q
18 Cel2R_a8 12 0 32767 195 27~10 Q
20 Cel2R_a9 12 0 32767 204 27-10 Q
22 Cel2 R_a 10 12 0 32767 214 27-10 Q
24 Cel2 R_aill 12 0 32767 226 27-10 Q
26 Cel2 R_a 12 12 0 32767 240 27-10 Q
28 Cel2 R_a 13 12 0 32767 254 27~10 Q
30 Cel2R_a 14 12 0 32767 1500 27~10 Q
0 Cell3 R_a flag H2 0 ffff ff55 —
2 Cel3R_a0 12 0 32767 68 27~10 Q
4 Cel3R_al 12 0 32767 77 27-10 Q
6 Cel3R_a2 12 0 32767 88 27-10 Q
8 Cell3R_a3 12 0 32767 106 27~10 Q
10 CelBR_a4 12 0 32767 103 27~10 Q
12 Cell3R_a5 12 0 32767 71 27-10 Q
Ra Table 1472 R a3 14 Cel3R_a6 12 0 32767 84 27~10 Q
16 Cel3BR_a7 12 0 32767 117 27-10 Q
18 Cel3R_a8 12 0 32767 112 27-10 Q
20 Cell3R_a9 12 0 32767 132 27~10 Q
22 Cell3R_a 10 12 0 32767 121 27~10 Q
24 Cell3R_al1 12 0 32767 90 27~10 Q
26 Cell3R_a 12 12 0 32767 89 27-10 Q
28 Cel3R_a 13 12 0 32767 254 27-10 Q
30 Cel3R_a 14 12 0 32767 1500 27-10 Q
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Table 11-1. bq30z554-R1 Data Flash Subclass ID and Offset (continued)
Class Subclass ID Subclass Offset Name -Il:—);;i Min. Value | Max. Value | Default Value Units

0 xCell0 R_a flag H2 0 ffff ffff —
2 xCellOR_a 0 12 0 32767 68 27~10 Q
4 xCell0 R_a 1 12 0 32767 77 27-10 Q
6 xCell0 R_a 2 12 0 32767 88 27-10 Q
8 xCell0 R_a 3 12 0 32767 106 27-10 Q
10 xCellO R_a 4 12 0 32767 103 27-10 Q
12 xCell0 R_a 5 12 0 32767 71 27~10 Q
Ra Table 1536 R a0x 14 xCell0 R_a 6 12 0 32767 84 27~10 Q
- 16 xCellOR_a 7 12 0 32767 117 27-10 Q
18 xCell0 R_a 8 12 0 32767 112 27-10 Q
20 xCell0R_a 9 12 0 32767 132 27-10 Q
22 xCell0 R_a 10 12 0 32767 121 27-10 Q
24 xCell0 R_a 11 12 0 32767 90 27~10 Q
26 xCell0 R_a 12 12 0 32767 89 27~10 Q
28 xCell0 R_a 13 12 0 32767 254 2/-10Q
30 xCell0 R_a 14 12 0 32767 1500 27-10 Q

0 xCelll R_a flag H2 0 ffff ffff —
2 xCelll R_a 0 12 0 32767 68 27-10 Q
4 xCelll R_a 1 12 0 32767 77 27-10 Q
6 xCelll R_a 2 12 0 32767 88 27~10 Q
8 xCelll R_a 3 12 0 32767 106 27-10Q
10 xCelll R_a 4 12 0 32767 103 27-10 Q
12 xCelll R_a 5 12 0 32767 71 27-10 Q
Ra Table 1600 R alx 14 xCelll R_a 6 12 0 32767 84 27-10 Q
16 xCelllR_a7 12 0 32767 117 27-10 Q
18 xCelll R_a 8 12 0 32767 112 27~10 Q
20 xCelll R_a 9 12 0 32767 132 27-10 Q
22 xCelll R_a 10 12 0 32767 121 27-10 Q
24 xCelll R_a 11 12 0 32767 90 27-10 Q
26 xCelll R_a 12 12 0 32767 89 27-10 Q
28 xCelll R_a 13 12 0 32767 254 27~10 Q
30 xCelll R_a 14 12 0 32767 1500 27~10 Q

0 xCell2 R_a flag H2 0 ffff ffff —
2 xCell2 R_a 0 12 0 32767 68 27-10 Q
4 xCell2 R_a 1 12 0 32767 77 27-10 Q
6 xCell2 R_a 2 12 0 32767 88 27-10 Q
8 xCell2 R_a 3 12 0 32767 106 27~10 Q
10 xCel2 R_a 4 12 0 32767 103 27~10 Q
12 xCell2 R_a 5 12 0 32767 71 2/-10 Q
Ra Table 1664 R a2x 14 xCell2 R_a 6 12 0 32767 84 27-10 Q
16 xCel2 R_a7 12 0 32767 117 27-10 Q
18 xCell2 R_a 8 12 0 32767 112 27-10 Q
20 xCell2 R_a 9 12 0 32767 132 27~10 Q
22 xCell2 R_a 10 12 0 32767 121 27~10 Q
24 xCell2 R_a 11 12 0 32767 90 27-10 Q
26 xCell2 R_a 12 12 0 32767 89 27-10 Q
28 xCell2 R_a 13 12 0 32767 254 27-10 Q
30 xCell2 R_a 14 12 0 32767 1500 27-10 Q
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Table 11-1. bq30z554-R1 Data Flash Subclass ID and Offset (continued)

Class Subclass ID Subclass Offset Name .?;;2 Min. Value | Max. Value | Default Value Units
0 xCell3 R_a flag H2 0 ffff ffff —
2 xCell3 R_a 0 12 0 32767 68 2710 Q
4 xCell3R_a 1 12 0 32767 77 2710 Q
6 xCell3R_a 2 12 0 32767 88 2710 Q
8 xCell3R_a 3 12 0 32767 106 2710 Q
10 xCell3 R_a 4 12 0 32767 103 2710 Q
12 xCell3R_a 5 12 0 32767 71 2710 Q
fa Table 1728 . 14 xCell3R_a 6 12 0 32767 84 2710 Q
- 16 xCell3 R_a 7 12 0 32767 117 2710 Q
18 xCell3R_a 8 12 0 32767 112 2710 Q
20 xCell3R_a 9 12 0 32767 132 2710 Q
22 xCell3 R_a 10 12 0 32767 121 2710 Q
24 xCell3 R_a 11 12 0 32767 90 2710 Q
26 xCell3 R_a 12 12 0 32767 89 2710 Q
28 xCell3 R_a 13 12 0 32767 254 2710 Q
30 xCell3 R_a 14 12 0 32767 1500 2710 Q
Safety Alert 0-15 H2 0 ffif 0 —
Safety Status 0-15 H2 0 ffff 0 —
PF Alert 0-15 H2 0 it 0 —
PF Status 0-15 H2 0 it 0 —
12 Safety Alert 16-31 H2 0 fiff 0 —
14 Safely Stans H2 0 i 0 —
18 PF Alert 16-31 H2 0 fiff 0 —
PF Status 589 DeViCDeatS;at“S 20 PF Status 16-31 H2 0 fiff 0 —
24 Opera(t)if?SStatus H2 0 i 0 o
26 Oper?}gg ftatus H2 0 i 0 .
28 Chargoirlg:;L 5Status H2 0 it 0 _
30 Chargi?_gzgtatus H1 0 i 0 .
31 Gauging Status H2 0 ffff 0 —
0 Cell Voltage 0 12 -32768 32768 0 mv
2 Cell Voltage 1 12 -32768 32768 0 mv
, 4 Cell Voltage 2 12 -32768 32768 0 mv
PF Status 622 VonDaZ\chata 6 Cell Voltage 3 12 -32768 32768 0 mv
8 Batf,iﬁ{ﬁgg‘*“ 2 32768 32768 0 mv
10 Pack Voltage 12 -32768 32768 0 mv
PF Status 634 Cur'?g;’icg st 0 Current 12 -32768 32767 0 mA
0 Te'r;‘;eerr”;:"e 12 -32768 32768 0 °C
PF Status 636 Terlr?g:allr(;?ure 2 TEr);lth:::ulre 12 —32768 32768 0 °c
ata
4 Tsr’:]tgg:g:uzre 12 -32768 32768 0 °C
0 Cello Dod0 12 -32768 32767 0 —
2 Cell1 Dod0 12 -32768 32767 0 —
PF Status 642 GauDg?rYgiqceData 4 Cell2 Dodo 12 -32768 32767 0 —
6 Cell3 Dod0 12 -32768 32767 0 —
8 Passed Charge 12 -32768 32768 0 mAh
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Table 11-1. bq30z554-R1 Data Flash Subclass ID and Offset (continued)
Class Subclass ID Subclass Offset Name -Il:—);;i Min. Value | Max. Value | Default Value Units
0 AFE Status H1 0 ff 0 —
1 AFE State Control H1 0 ff 0 —
2 AFE Control H1 0 ff 0 —
3 AFE Output Status H1 0 ff 0 —
4 AFE Function H1 0 f 0 o
Control
PF Status 652 AFE Regs 5 AFE Cell Select H1 0 ff 0 —
6 AFE OCDV H1 0 ff 0 —
7 AFE OCDT H1 0 ff 0 —
8 AFE SCC H1 0 ff 0 —
9 AFE SCD1 H1 0 ff 0 —
10 AFE SCD2 H1 0 ff 0 —
11 AFE REF TRIM H1 0 ff 0 —
1st Status Status
0 0-15 H2 0 ffff 0 —
1st Safety Status
2 16-31 H2 0 ffff 0 —
4 1st Time to Next U1 0 255 0 s
Event
2nd Safety Status
5 015 H2 0 fif 0 —
Black Box 664 Safety Status 7 2nd Sige_%’ftatus H2 0 ftff 0 —
2nd Time to Next
9 Event U1l 0 255 0 s
3rd Safety Status
10 0-15 H2 0 ffff 0 —
3rd Safety Status
12 16-31 H2 0 ffff 0 —
14 3rd Time to Next U1l 0 255 0 s
Event
1st PF Status
0 0-15 H2 0 ffff 0 —
1st PF Status
2 16-31 H2 0 ffif 0 —
1st Time to Next
4 Event U1l 0 255 0 s
2nd PF Status
5 0-15 H2 0 ffff 0 —
Black Box 679 PF Status 7 2nd v H2 0 ftff 0 —
9 2nd Time to Next U1 0 255 0 s
Event
3rd PF Status
10 015 H2 0 fif 0 —
3rd PF Status
12 16-31 H2 0 ffi 0 —
3rd Time to Next
14 Event U1l 0 255 0 s
0 Cell Scale 0 12 -32767 32767 20451 —
2 Cell Scale 1 12 -32767 32767 20468 —
o 4 Cell Scale 2 12 -32767 32767 20520 —
Calibration 0 Voltage
6 Cell Scale 3 12 -32767 32767 20517 —
8 Pack Gain u2 0 65535 44100 —
10 BAT Gain u2 0 65535 44100 —
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Table 11-1. bq30z554-R1 Data Flash Subclass ID and Offset (continued)

Class Subclass ID Subclass Offset Name -Il:—);;i Min. Value | Max. Value | Default Value Units
0 CC Gain F4 1.00E-01 | 4.00E+00 0.9419 —
Calibration 12 Current 4 Capacity Gain Fa 2.98246E+0 1,19%0646E+ 280932.625 _
0 CC Offset 12 -32767 32767 —7204 —
Calibration 20 Current Offset 2 Cg;f;g;ﬁ;{‘efr U2 0 65535 64 —
4 Board Offset 12 -32768 32767 0 —
0 Interpa) Temp 1 -128 127 0 °C
Calibration 26 Temperature 1 EXte’g?f'_:TetTemp Il _128 127 0 °C
2 EXterg?f'szetTemp 1 128 127 0 °c
0 Int Coeff 1 12 -32768 32767 0 —
2 Int Coeff 2 12 -32768 32767 0 —
4 Int Coeff 3 12 -32768 32767 -11136 —
Calibration 29 '”“”Jﬁ'dlfmp 6 Int Coeff 4 12 -32768 32767 5754 —
8 Int Minimum AD 12 -32768 32767 0 —

10 Int ’l"rg;";“m 12 ~32768 32767 5754 0.1°K
0 Coeff al 12 -32768 32767 ~14520 —
2 Coeff a2 12 -32768 32767 23696 —
4 Coeff a3 12 -32768 32767 ~20298 —
6 Coeff a4 12 -32768 32767 28073 —
8 Coeff a5 12 -32768 32767 865 —
Cell 10 Coeff bl 12 -32768 32767 -694 —
Calibration 41 Temperature 12 Coeff b2 12 -32768 32767 1326 —
Model 14 Coeff b3 12 -32768 32767 -3880 —
16 Coeff b4 12 -32768 32767 5127 —
18 RCO 12 -32768 32767 11703 —
20 ADCO 12 -32768 32767 11703 —
22 RPAD 12 -32768 32767 0 —
24 RINT 12 —32768 32767 0 —
0 Coeff a1 12 -32768 32767 ~14520 —
2 Coeff a2 12 -32768 32767 23696 —
4 Coeff a3 12 -32768 32767 ~20298 —
6 Coeff a4 12 -32768 32767 28073 —
8 Coeff a5 12 -32768 32767 865 —
Fot 10 Coeff bl 12 -32768 32767 -694 —
Calibration 67 Temperature 12 Coeff b2 12 -32768 32767 1326 —
Model 14 Coeff b3 12 -32768 32767 -3880 —
16 Coeff b4 12 -32768 32767 5127 —
18 RCO 12 -32768 32767 11703 —
20 ADCO 12 -32768 32767 11703 —
22 RPAD 12 —32768 32767 0 —
24 RINT 12 -32768 32767 0 —
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Data Flash Values

Table 11-1. bq30z554-R1 Data Flash Subclass ID and Offset (continued)

Class Subclass ID Subclass Offset Name .?;;2 Min. Value | Max. Value | Default Value Units
1 Cell Voltage 1 U1l 0 255 145 —
2 Cell Voltage 2 ul 0 255 145 —
3 Cell Voltage 3 Ul 0 255 145 —
4 Cell Voltage 4 Ul 0 255 145 —
5 Pack Voltage Out Ul 0 255 10 —
Calibration 93 Filter Direct Battery
6 Voltage ul 0 255 10 —
7 Summed Battery U1 0 255 145 o
Voltage
Cell Temperature Ul 0 255 145 —
FET Temperature ul 0 255 145 —
c " Deadband Ul 0 255 3 mA
T urren
Calibration 103
Deadband Coulomb Counter
1 Deadband Ul 0 255 34 290 nv
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AFE Threshold and Delay Settings

A.1 Overload in Discharge Protection (OLD)

Table A-1. Overload in Discharge Protection Threshold (Settings:AFE State Control [RSNS] = 0)

OLD Threshold ([RSNS] = 0)

Setting Threshold Setting Threshold
0x00 0.050 V 0x08 0.130 V
0x01 0.060 V 0x09 0.140 vV
0x02 0.070 V 0x0a 0.150 vV
0x03 0.080 V 0x0b 0.160 V
0x04 0.090 vV 0x0c 0.170 V
0x05 0.100 V 0xod 0.180 V
0x06 0.110 V 0x0e 0.190 V
0x07 0.120 vV 0oxof 0.200 V

Table A-2. Overload in Discharge Protection Threshold (Settings:AFE State Control [RSNS] = 1)

OLD Threshold ([RSNS] = 1)
Setting Threshold Setting Threshold

0x00 0.025 vV 0x08 0.065 V

0x01 0.030 vV 0x09 0.070 V

0x02 0.035V 0x0a 0.075V

0x03 0.040 V 0x0b 0.080 V

0x04 0.045V 0x0c 0.085V

0x05 0.050 V 0xod 0.090 vV

0x06 0.055 vV 0x0e 0.095 V

0x07 0.060 V 0xOf 0.100 V

Table A-3. Overload in Discharge Protection Delay

Setting Time Setting Time Setting Time Setting Time
0x00 1ms 0x04 9 ms 0x08 17 ms 0x0c 25 ms
0x01 3ms 0x05 11 ms 0x09 19 ms 0x0d 27 ms
0x02 5ms 0x06 13 ms 0x0a 21 ms 0x0e 29 ms
0x03 7ms 0x07 15 ms 0x0b 23 ms 0xof 31lms

A.2 Short Circuit in Charge (SCC)

Table A-4. Short Circuit in Charge Threshold (Settings:AFE State Control [RSNS] = 0)®

Setting Threshold Setting Threshold
0x00 -0.100 V 0x04 —-0.300 V
0x01 -0.150 V 0x05 N/A
0x02 —-0.200 V 0x06 N/A

Data flash setting Protection:SCC Threshold[2:0] sets the voltage threshold.
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Table A-4. Short Circuit in Charge Threshold (Settings:AFE State Control [RSNS] = 0)® (continued)

Setting

Threshold

Setting

Threshold

0x03

—0.250 vV

0x07

N/A

Table A-5. Short Circuit in Charge Threshol

d (Settings:AFE State Co

ntrol [RSNS] = 1)®

Setting Threshold Setting Threshold

0x00 —-0.050 V 0x04 -0.150 V

0x01 -0.075V 0x05 -0.175V

0x02 —-0.100 V 0x06 —0.200 V

0x03 -0.125V 0x07 -0.225V

@ Data flash setting Protection:SCC Threshold[2:0] sets the voltage threshold.
Table A-6. Short Circuit in Charge Delay®

Setting Time Setting Time Setting Time Setting Time
0x00 0 us 0x04 244 ps 0x08 488 s 0x0c 732 us
0x01 61 us 0x05 305 ps 0x09 549 ps 0x0d 793 ps
0x02 122 ps 0x06 366 ps 0x0a 610 us 0x0e 854 us
0x03 183 ps 0x07 427 ps 0x0b 671 ps 0xOf 915 ps

(6]

A.3 Short Circuit in Discharge (SCD1 and SCD?2)

Data flash setting Protection:SCC Threshold[7:4] sets the delay time.

Table A-7. Short Circuit in Discharge Threshold (Settings:AFE State Control [RSNS] = 0)®

Setting Threshold Setting Threshold
0x00 0.100 V 0x04 0.300 V
0x01 0.150 V 0x05 0.350 V
0x02 0.200 V 0x06 0.400 V
0x03 0.250 V 0x07 0.450 V

@

Data flash setting Protection:SCD1 and SCD2 Threshold[2:0] sets the voltage threshold.

Table A-8. Short Circuit in Discharge Threshold (Settings:AFE State Control[RSNS] = 1)®

Setting Threshold Setting Threshold
0x00 0.050 V 0x04 0.150 V
0x01 0.075V 0x05 0.175V
0x02 0.100 V 0x06 0.200 V

@

Data flash setting Protection:SCD1 and SCD2 Threshold[2:0] sets the voltage threshold.

Table A-9. Short Circuit in Discharge 1 Delay (Settings:AFE State Control[SCDDx2] = 0)®

Setting Time Setting Time Setting Time Setting Time
0x00 0O pus 0x04 244 us 0x08 488 us 0x0c 732 ps
0x01 61 us 0x05 305 ps 0x09 549 ps oxod 793 ps
0x02 122 ps 0x06 366 ps 0x0a 610 us 0x0e 854 us
0x03 183 us 0x07 427 ps 0x0b 671 us 0x0f 915 ps

@

Data flash setting Protection:SCD1 and SCD2 Threshold[7:4] sets the delay time.

Table A-10. Short Circuit in Discharge 1 Delay (Settings:AFE State Control[SCDDx2] = 1)®

Setting

Time

Setting

Time

Setting

Time

Setting

Time

0x00

O pus

0x04

488 ps

0x08

976 us

0x0c

1464 ps

(6]

Data flash setting Protection:SCD1 Threshold[7:4] sets the delay time.
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Table A-10. Short Circuit in Discharge 1 Delay (Settings:AFE State Control[SCDDx2] =
1)@ (continued)

Setting Time Setting Time Setting Time Setting Time
0x01 122 us 0x05 610 us 0x09 1098 ps 0x0d 1586 ps
0x02 244 ps 0x06 732 s 0x0a 1220 ps 0x0e 1708 ps
0x03 366 ps 0x07 854 us 0x0b 1342 ps 0x0f 1830 us
Table A-11. Short Circuit in Discharge 2 Delay (Settings:AFE State Control[SCDDx2] = 0)®

Setting Time Setting Time Setting Time Setting Time
0x00 O pus 0x04 122 ps 0x08 244 ps 0x0c 366 us
0x01 30 us 0x05 152 ps 0x09 275 ps oxod 396 ps
0x02 61 us 0x06 183 ps Ox0a 305 ps 0x0e 426 us
0x03 91 us 0x07 213 us 0x0b 335 us 0xOf 458 ps

@ Data flash setting Protection: SCD2 Threshold[7:4] sets the delay time.

Table A-12. Short Circuit in Discharge 2 Delay (Settings:AFE

State Control[SCDDx2] = 1)®

Setting Time Setting Time Setting Time Setting Time
0x00 O pus 0x04 244 ps 0x08 488 s 0x0c 732 ps
0x01 61 us 0x05 305 ps 0x09 549 ps 0x0d 793 ps
0x02 122 us 0x06 366 us 0x0a 610 us 0x0e 854 us
0x03 183us 0x07 427 ps 0x0b 671 s 0xOf 915 us

@ Data flash setting Protection: SCD2 Threshold[7:4] sets the delay time.
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Reading and Writing to Data Flash

Use ManufacturerAccess() 0x01yy and Manufacturerinput() Ox2F to read and right to data flash, which is a
32-byte operation. First, determine the physical address of the target data flash parameter. This
information is reflected by the subclass ID and offset, available in Table 11-1.

Below is an example of updating data flash setting Protections:CUV Recovery
Subclass ID of Protections:CUV Recovery = 235
Offset of Protections:CUV Recovery = 3.
Data Type = 12.
1. Identify the data flash row number and byte index:
(a) Identify the physical address of the target parameter.
The physical address of Protections:CUV Recovery = Subclass ID + Offset = 238.
(b) Find the row number of Protections:CUV Recovery.
Each data flash row is 32-byte long.
Row number of Protections:CUV Recovery = 238\32 = 7.
(c) Find out which byte(s) the target parameter resides with the row.
Byte Index = Physical location—(row number * row length).
Byte Index for Protections:CUV Recovery = 238—(7*32) = 14.

Since the data type of Protections:CUV Recovery is 12, this means the target parameter resides at
row 7, byte index 14 and 15.

2. Read data flash parameter:

(&) Send the data flash row number to bg30z554-R1 using MAC command 0x1yy.
From Step A2, the row number of CUV Recovery is 7.
Issue SMBus write word. cmd = 0x00, word = 0x107.
Note: The row number issued through command Ox1yy must be in hex.

(b) Use Manufacturerinput() Ox2F to read the data flash row where the target parameter is located.
Issue SMBus block read, cmd = Ox2F, length = 32.
Note: Store the read data into a memory array, e.g., yRowDataArray(0 to 31).

(c) Data flash parameter Protections:CUV Recovery is located at yRowDataArrray(14) and
yRowDataArrray(15).

3. Update data flash parameter.
(@) From Step B3, update the desired value of the target data flash parameter.
(b) Follow Step B1 to set up the row number.

(c) Use Manufacturerinput() Ox2F to write the updated yRowDataArray(0 to 31) back to the device data
flash.

Issue SMBus block write, cmd = 0x2F, length = 32.

(d) A read verify (repeat Steps B1 to B3) is recommended to ensure correct data is written to the data
flash.

See Section 11.16 for the data flash values.
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Sample Filter Settings

Table C-1. Sample Remcap Filter Settings and Associated Low-Pass Filter Time Constants

Remcap Smoothing Filter Effective Low-Pass Time Constant
200 11 seconds
230 22 seconds
240 36 seconds
245 54 seconds
250 100 seconds
252 146 seconds
253 3.2 minutes
254 4.8 minutes
255 (max) 9.6 minutes

Table C-2. Sample V/I/T Filter Settings and Associated Low-Pass Filter Time Constants

V/IIT Smoothing Filter Effective Low-Pass Time Constant
10 0.25 seconds
50 0.5 seconds
145 1 second
200 3 seconds
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

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

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

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial
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