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/a7 Preface
III\EI)S(’?FS{UMENTS Read This First

About This Manual

This manual discusses the BQ40Z50-R4 device's modules and peripherals, and how each is used to build a
complete battery pack gas gauge and protection solution. See the BQ40Z50-R2 1-Series to 4-Series Li-lon
Battery Pack Manager data sheet (SLUSCS4) for BQ40Z50-R4 electrical specifications, and the BQ40Z50-R2 to
BQ40250-R4 Change List (SLUA874) to see the new BQ40Z50-R4 features and performance improvements.

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; for example, RemainingCapacity()
» Data flash: italics, bold, and breaking spaces; for example, Design capacity

» Register bits and flags: italics and brackets; for example, [TDA]

» Data flash bits: italics and bold; for example, [LED1]

* Modes and states: ALL CAPITALS; for example, 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)

Trademarks

Impedance Track® is a registered trademark of Texas Instruments.
All trademarks are the property of their respective owners.
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. Chapter 1

. ’{IE)S(’?PS{UMENTS Introduction

The BQ40Z50-R4 device provides a feature-rich battery management solution for 1-series cell to 4-series cell
battery-pack applications. The BQ40Z50-R4 device has extended capabilities, including:

» Fully integrated 1-series, 2-series, 3-series, and 4-series li-ion or li-polymer cell battery pack manager and
protection

* Next-generation patented Impedance Track® technology accurately measures available charge in li-ion and
li-polymer batteries

* High-side N-CH protection FET drive
« Integrated cell balancing while charging or at rest
* Low power modes
- LOW POWER
— SLEEP
« Full array of programmable protection features
— Voltage
Current
Temperature
Charge timeout
CHG/DSG FETs
Cell imbalance
» Sophisticated charge algorithms
— JEITA
— Advanced charging algorithm
» Diagnostic lifetime data monitor
« Black box event recorder
* Supports two-wire SMBus v1.1 interface
* SHA-1 authentication
» Ultra-compact package: 32-lead QFN
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2.1 Introduction

Chapter 2
Protections

The BQ40Z50-R4 provides recoverable protection. When the protection is triggered, charging and/or discharging
is disabled. This is indicated by the OperationStatus()[XCHG] = 1 when charging is disabled, and/or the
OperationStatus()[XDSG] = 1 when discharging is disabled. Once the protection is recovered, charging and

discharging resume. All protection items can be enabled or disabled under Settings:Enabled Protections A,
Settings:Enabled Protections B, Settings:Enabled Protections C, and Settings:Enabled Protections D.

When the protections and permanent fails are triggered, the BatteryStatus()[TCAJ[TDA]J[FDJ[OCA]J[OTA] is set
according to the type of safety protections. Section 4.8 provides a summary of the various alarms flags' set
conditions.

Note

Delay settings with 1-s granularity can have an average trigger delay equal to the delay setting plus
1.5s.

2.2 Cell Undervoltage Protection

The BQ40Z50-R4 device can detect cell undervoltage in batteries and protect cells from damage by preventing
further discharge.

Status Condition Action
’ . SafetyAlert()[CUV] = 0
Normal Min cell voltage1..4 > CUV:Threshold BatteryStatus()[TDA] = 0
. . SafetyAlert()[CUV] = 1
Alert Min cell voltage1..4 < CUV:Threshold BatteryStatus()[TDA] = 1
SafetyAlert()[CUV] =0
. ! . . ) SafetyStatus()[CUV] =1
Trip Min cell voltage1..4 < CUV:Threshold for CUV:Delay duration BatteryStatus()[FD] = 1, [TDA] = 0
OperationStatus()[XDSG] = 1
Condition 1:
SafetyStatus()[CUV] = 1 AND
Min cell voltage1..4 2 CUV:Recovery AND
Protection Configuration[CUV_RECOV_CHG] =0
- SafetyStatus()[CUV] =0
OR Condition 2: - -
oSy Satacon = R
Min cell voltage1..4 = CUV:Recovery AND
Protection Configuration[CUV_RECOV_CHG] = 1 AND
PACK voltage > Charger Present Threshold

2.3 Cell Undervoltage Compensated Protection

The BQ40Z50-R4 device can detect cell undervoltage in batteries and protect cells from damage by preventing
further discharge. The protection is compensated by the Current() x cell resistance1..4.

Status Condition Action
Normal Min cell voltage1..4 — Current() x cell resistance > SafetyAlert()[CUVC] = 0
CUVC: Threshold BatteryStatus()[TDA] = 0
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Status Condition Action

Alert Min cell voltage1..4 — Current() % cell resistance < SafetyAlert()[CUVC] = 1

CUVC: Threshold BatteryStatus()[TDA] = 1
SafetyAlert()[CUVC] = 0
Tri Min cell voltage1..4 — Current() % cell resistance < SafetyStatus()[CUVC] = 1
P CUVC: Threshold for CUVC:Delay duration BatteryStatus()[FD] = 1, [TDA] = 0
OperationStatus()[XDSG] = 1
Condition 1:
SafetyAlert()[CUVC] = 1 AND
Min cell voltage1..4 — Current() x cell resistance >
CUVC: Recovery AND
Protection Configuration[CUV_RECOV_CHG] =0 SafetyStatus()[CUVC] = 0
Recovery OR Condition 2: BatteryStatus()[FD] = 0, [TDA] =0

SafetyAlert()[CUVC] = 1 AND OperationStatus()[XDSG] = 0
Min cell voltage1..4 — Current() x cell resistance >
CUVC: Recovery AND
Protection Configuration[CUV_RECOV_CHG] = 1 AND
PACK voltage > Charger Present Threshold

2.4 Cell Overvoltage Protection

The BQ40Z50-R4 device can detect cell overvoltage in batteries and protect cells from damage by preventing
further charging.

Note

The protection detection threshold may be influenced by the temperature settings of the advanced
charging algorithm and the measured temperature. Additionally, this protection feature can be enabled
to create a PF by setting the [COVL] bit in the Enabled PF A register.

Status

Condition

Action

Normal,

ChargingStatus()[UT] or [LT] =1

Max cell voltage1..4 < COV:Threshold Low Temp

Normal,

ChargingStatus()[STL] =1

Max cell voltage1..4 < COV:Threshold Standard Temp Low

Normal,

ChargingStatus()[STH] = 1

Max cell voltage1..4 < COV:Threshold Standard Temp High

Normal,

ChargingStatus()[RT] = 1

Max cell voltage1..4 < COV:Threshold Rec Temp

Normal,

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

Max cell voltage1..4 < COV:Threshold High Temp

SafetyAlert()[COV] =0

PFAlert()[COVL] =0

Decrement COVL counter by one after
each COV:Counter Dec Delay period if
COVL counter >0

Alert,

ChargingStatus()[UT] or [LT] =1

Max cell voltage1..4 = COV:Threshold Low Temp

Alert,

ChargingStatus()[STL] =1

Max cell voltage1..4 = COV:Threshold Standard Temp Low

Alert,

ChargingStatus()[STH] = 1

Max cell voltage1..4 = COV:Threshold Standard Temp High

Alert,

ChargingStatus()[RT] = 1

Max cell voltage1..4 = COV:Threshold Rec Temp

Alert,

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

Max cell voltage1..4 = COV:Threshold High Temp

SafetyAlert()[COV] = 1
BatteryStatus()[TCA] = 1

Trip,

ChargingStatus()[UT] or [LT] =1

Max cell voltage1..4 = COV:Threshold Low Temp for COV:Delay
duration

Trip,

ChargingStatus()[STL] =1

Max cell voltage1..4 = COV:Threshold Standard Temp Low for
COV:Delay duration

Trip,

ChargingStatus()[STH] = 1

Max cell voltage1..4 = COV:Threshold Standard Temp High for
COV:Delay duration

Trip,

ChargingStatus()[RT] = 1

Max cell voltage1..4 =2 COV:Threshold Rec Temp for COV:Delay
duration

Trip,

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

Max cell voltage1..4 = COV:Threshold High Temp for COV:Delay
duration

SafetyAlert()[COV] = 0
SafetyStatus()[COV] = 1
BatteryStatus()[TCA] =0
OperationStatus()[XCHG] = 1
Increment COVL counter

18 BQ40Z50-R4
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Status Condition Action
Recovery, SafetyStatus()[COV] =1 AND

ChargingStatus()[UT] or [LT] =1

Max cell voltage1..4 < COV:Recovery Low Temp

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

Recovery, SafetyStatus()[COV] =1 AND

ChargingStatus()[STL] =1 Max cell voltage1..4 < COV:Recovery Standard Temp Low
Recovery, SafetyStatus()[COV] =1 AND

ChargingStatus()[STH] = 1 Max cell voltage1..4 < COV:Recovery Standard Temp High
Recovery, SafetyStatus()[COV] =1 AND

ChargingStatus()[RT] = 1 Max cell voltage1..4 < COV:Recovery Rec Temp
Recovery, SafetyStatus()[COV] =1 AND

Max cell voltage1..4 < COV:Recovery High Temp

SafetyStatus()[COV] =0
BatteryStatus()[TCA] =0
OperationStatus()[XCHG] = 0

Latch Alert

COVL counter >0

SafetyAlert()[COVL] = 1 if
EnabledProtections[COVL] is set.
PFAlert()[COVL] = 1 if
EnabledPF[COVL] is set

Latch Trip

COVL counter 2 COV:Latch limit

SafetyStatus()[COVL] = 1 if
EnabledProtections[COVL] is set
PFStatus()[COVL] = 1 if
EnabledPF[COVL] is set.
PFAlert()[COVL] = 0 SafetyAlert()
[COVL]=0
OperationStatus()[XCHG] = 1

Latch Reset([NR]=0)

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

SafetyStatus()[COVL] =0
Reset COVL counter.
OperationStatus[XCHG] = 0 if
SafetyStatus()[COV] =0

Latch Reset([NR]J=1)

(SafetyStatus()[COVL] = 1 AND DA Configuration[NR]=1 for
COV:Reset time

SafetyStatus()[COVL] = 0
Reset COVL counter.
OperationStatus[XCHG] = 0 if
SafetyStatus()[COV] =0

2.5 Overcurrent in Charge Protection

The BQ40Z50-R4 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
. SafetyAlert()[OCC1] =1
Alert Current() 2 OCC1:Threshold BatteryStatus()[TCA] = 1
i SafetyAlert()[OCC2] = 1
Alert Current() 2 OCC2:Threshold BatteryStatus()[TCA] = 1
SafetyAlert()[OCC1] =0
SafetyStatus()[OCC1] =1
Trip Current() 2 OCC1:Threshold for OCC1:Delay duration BatteryStatus()[TCA] = 0
Charging is not allowed.
OperationStatus()[XCHG] = 1
SafetyAlert()[OCC2] =0
. ) 3 ) SafetyStatus()[OCC2] = 1
Trip Current() 2 OCC2:Threshold for OCC2:Delay duration BatteryStatus()[TCA] = 0
OperationStatus()[XCHG] = 1
SafetyStatus()[OCC1] =1 AND SafetyStatus()[OCC1] =0
Recovery Current() < OCC:Recovery Threshold for OCC:Recovery Delay BatteryStatus()[TCA] = 0
time OperationStatus()[XCHG] = 0
SafetyStatus()[OCC2] = 1 AND SafetyStatus()[OCC2] = 0
Recovery Current() < OCC:Recovery Threshold for OCC:Recovery Delay BatteryStatus()[TCA] =0
time OperationStatus()[XCHG] = 0

2.6 Overcurrent in Discharge Protection

The BQ40Z50-R4 device has two independent overcurrent in discharge protections that can be set to current

and delay thresholds to accommodate different load behaviors. Additionally, this protection feature can be
enabled to create a PF by setting the [OCDL] bit in Enabled PF C register.

SLUUCH2 — MARCH 2021
Submit Document Feedback

Copyright © 2021 Texas Instruments Incorporated

BQ40250-R4

19


https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUUCH2&partnum=BQ40Z50-R4

13 TEXAS
INSTRUMENTS

Protections www.ti.com

Status Condition Action

SafetyAlert()[OCD1] =0

SafetyAlert()[OCDL] = 0

Normal Current() > OCD1:Threshold PFAlert()[SOCDL] =0

Decrement OCDL1 counter by one after each OCD:Counter
Dec Delay period, if OCDL1 counter > 0

SafetyAlert()[OCD2] = 0

SafetyAlert()[OCDL] = 0

Normal Current() > OCD2:Threshold PFAlert()[SOCDL] = 0

Decrement OCDL2 counter by one after each OCD:Counter
Dec Delay period if OCDL2 counter > 0

SafetyAlert()[OCD1] = 1
BatteryStatus()[TDA] = 1

SafetyAlert()[OCD2] = 1
BatteryStatus()[TDA] = 1

SafetyAlert()[OCD1] = 0
SafetyStatus()[OCD1] = 1
Trip Current() < OCD1:Threshold for OCD1:Delay duration BatteryStatus()[TDA] = 0
OperationStatus()[XDSG] = 1
Increment OCDL1 counter

SafetyAlert()[OCD2] = 0
SafetyStatus()[OCD2] = 1
Trip Current() < OCD2:Threshold for OCD2:Delay duration BatteryStatus()[TDA] = 0
OperationStatus()[XDSG] = 1
Increment OCDL2 counter

Alert Current() < OCD1:Threshold

Alert Current() < OCD2:Threshold

SafetyStatus()[OCD1] =1 AND SafetyStatus()[OCD1] = 0
Recovery Current() 2 OCD:Recovery Threshold for OCD:Recovery Delay BatteryStatus()[TDA] = 0
time OperationStatus()[XDSG] = 0
SafetyStatus()[OCD2] = 1 AND SafetyStatus()[OCD2] = 0
Recovery Current() 2 OCD:Recovery Threshold for OCD:Recovery Delay BatteryStatus()[TDA] = 0
time OperationStatus()[XDSG] = 0
SafetyStatus()[OCD2] = 1 AND SafetyStatus()[OCD2]=0
Recovery Current() 2 OCD:Recovery Threshold for OCD:Recovery Delay OperationStatus()[XDSG]=0
time BatteryStatus()[TDA] = 0
Latch Alert OCDL counter > 0 SafetyAlert()[OCDL] = 1 if SafetyEnable[OCDL] is set.

PFAlert()[SOCDL] = 1 if PFEnable()[AOCDL] is set.

SafetyStatus()[OCDL] = 1 if SafetyEnable[OCDL] is set.
Latch Trip OCDL counter = OCD:Latch limit PFStatus()[SOCDL] = 1 if PFEnable()[SCOV] is set.
SafetyAlert()[OCDL] = PFAlert()[SOCDL] = 0

SafetyStatus()[OCDL] =0

SafetyStatus()[OCDL] = 1 AND DA Configuration[NR] = 0 AND Reset OCDL counter.

Low-high-low transition on PRES pin OperationStatus[XDSG] = 0 if SafetyStatus()[OCD1] = 0 and
SafetyStatus()[OCD2] = 0

SafetyStatus()[OCDL] = 0

SafetyStatus()[OCDL] = 1 AND DA Configuration[NR] = 1 for Reset OCDL counter.

OCD:Reset time OperationStatus[XDSG] = 0 if SafetyStatus()[OCD1] = 0 and
SafetyStatus()[OCD2] = 0

Latch Reset([NR] = 0)

Latch Reset([NR] = 1)

2.7 Hardware-Based Protection

The BQ40Z50-R4 device has three main hardware-based protections—AOLD, ASCC, and ASCD1,2—with
adjustable current and delay time. Setting AFE Protection Configuration[RSNS] divides the threshold value in
half. The Threshold settings are in mV; therefore, the actual current that triggers the protection is based on the
Rsense used in the schematic design.

In addition, setting the AFE Protection Configuration[SCDDx2] bit provides an option to double all of the
SCD1,2 delay times for maximum flexibility towards the application's needs.

For details on how to configure the AFE hardware protection, refer to the tables in Appendix A.

All of the hardware-based protections provide a Trip/Latch Alert/Recovery protection. The latch feature stops the
FETs from toggling on and off continuously on a persistent faulty condition.

In general, when a fault is detected after the Delay time, the CHG and DSG FETs will be disabled (Trip stage),
and 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).
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If the alert is caused by a current spike, the fault count will be decremented after Counter Dec Delay time. If
this is a persistent faulty condition, the device will enter the Trip stage after Delay time, and repeat the Trip/Latch
Alert/Recovery cycle. The internal fault counter is incremented every time the device goes through the Trip/Latch
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/Latch Alert/Recovery/Latch stages are documented in each of the following hardware-based protection
sections.

The recovery condition for the removable pack ([NR] = 0) is based on the transition on the PRES pin, while the
recovery condition for the embedded pack ([NR] = 1) is based on the Reset time.

2.7.1 Overload in Discharge Protection

The BQ40Z50-R4 device has a hardware-based overload in discharge protection with adjustable current and
delay time. Additionally, this protection feature can be enabled to create a PF by setting the [AOLDL] bit in the
Enabled PF B register.

Status Condition Action

SafetyAlert()[AOLDL] = 0, if OLDL counter = 0

PFAlert()[SAOLDL] = 0

Decrement AOLDL counter by one after each OLD:Counter Dec Delay
period, if AOLDL counter > 0

SafetyStatus()[AOLD] = 1
OperationStatus()[XDSG] = 1

Normal Current() > (OLD Threshold[3:0]/Rsensg)

Trip Current() < (OLD Threshold[3:0]/Rsgnsg) for OLD

Threshold[7:4] duration Increment AOLDL counter
_ i . SafetyStatus()[AOLD] = 0
Recovery SafetyStatus()[AOLD] = 1 for OLD:Recovery time OperationStatus()[XDSG] = 0 if SafetyStatus()JAOLDL] = 0.
Latch Alert AOLDL counter > 0 SafetyAlert()[AOLDL] =1

PFAlert()[SAOLDL] = 1, if PFEnable()[SAOLDL] is set.

SafetyAlert()[AOLDL] = 0

SafetyStatus()[AOLDL] =1

Latch Trip AOLDL counter 2 OLD:Latch Limit OperationStatus()[XDSG] = 1

PFAlert()[AOLDL] = 0

PFStatus()[AOLDL] = 1, if PFEnable()[AOLDL] is set.

SafetyStatus()[AOLDL] = 1 AND
Latch Reset ([NR] = 0) DA Configuration[NR] = 0 AND
Low-high-low transition on PRES pin

SafetyStatus()[AOLDL] = 1 AND SafetyStatus()[AOLDL] =0
DA Configuration[NR] = 1 for OLD:Reset time OperationStatus()[XDSG] = 0 if SafetyStatus()[AOLD] = 0.

SafetyStatus()[AOLDL] =0
OperationStatus()[XDSG] = 0 if SafetyStatus()[AOLD] = 0.

Latch Reset ([NR] = 1)

2.7.2 Short Circuit in Charge Protection

The BQ40Z50-R4 device has a hardware-based short circuit in charge protection with adjustable current and
delay time. Additionally, this protection feature can be enabled to create a PF by setting the [ASCCL] bit in the
Enabled PF B register.

Status Condition Action

SafetyAlert()[ASCCL] = 0, if ASCCL counter = 0
PFAlert()[ASCCL] =0

Normal Current() < (SCC Threshold|2:0]/Rsense) Decrement ASCCL counter by one after each SCC:Counter Dec Delay
period, if ASCCL counter > 0
SafetyStatus()[ASCC] = 1
Trip Current() 2 (SCC Threshold[2:0]/Rsense) for SCC | BatteryStatus()[TCA] = 1

Threshold[7:4] duration OperationStatus()[XCHG] = 1
increment ASCCL counter

SafetyStatus()[ASCC] = 0
Recovery SafetyStatus()[ASCC] = 1 for SCC:Recovery time | BatteryStatus()[TCA] =0
OperationStatus()[XCHG] = 0 if SafetyStatus()[ASCCL] = 0.

SafetyAlert()[ASCCL] =1
PFAlert()[ASCCL] = 1, if PFEnable()[ASCCL] is set.

SafetyAlert()[ASCCL] =0

SafetyStatus()[ASCCL] = 1

Latch Trip ASCCL counter 2 SCC:Latch Limit OperationStatus()[XCHG] = 1

PFAlert()[ASCCL] =0

PFStatus()[ASCCL] = 1, if PFEnable()[ASCCL] is set.

Latch Alert ASCCL counter > 0
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Status Condition Action

SafetyStatus()[ASCCL] = 1 AND
Latch Reset ([NR] = 0) DA Configuration[NR] = 0 AND
Low-high-low transition on PRES pin

SafetyStatus()[ASCCL] = 1 AND SafetyStatus()[ASCCL] =0
DA Configuration[NR] = 1 for SCC:Reset time OperationStatus()[XCHG] = 0 if SafetyStatus()[ASCC] =0

SafetyStatus()[ASCCL] = 0
OperationStatus()[XCHG] = 0 if SafetyStatus()[ASCC] =0

Latch Reset ([NR] = 1)

2.7.3 Short Circuit in Discharge Protection

The BQ40Z50-R4 device has a hardware-based short circuit in discharge protection with adjustable current and
delay time. Additionally, this protection feature can be enabled to create a PF by setting the [ASCDL] bit in the
Enabled PF B register.

Status Condition Action
SafetyAlert()[ASCDL] = 0 if ASCDL counter = 0
Normal Current() > (SCD1 Threshold[2:0]/Rsgnse) AND PFAlert()[ASCDL] =0
Current() > (SCD2 Threshold[2:0]/Rsgnsg) Decrement ASCDL counter by one after each SCD:Counter Dec

Delay period, if ASCDL counter > 0

Current() < (SCD1 Threshold[2:0]/Rsensg) for SCD1

Threshold[7:4] duration SafetyStatus()[ASCD] = 1

Trip OR OperationStatus()[XDSG] = 1
Current() < (SCD2 Threshold[2:0]/Rsensg) for SCD2 | Increment ASCDL counter
Threshold[7:4] duration

SafetyStatus()[ASCD] = 0

Recovery SafetyStatus()[ASCD] = 1 for SCD:Recovery time OperationStatus()[XDSG] = 0 if SafetyStatus()JASCDL] = 0.
SafetyAlert()[ASCDL] = 1

Latch Alert ASCDL counter > 0 PFAlert()JASCDL] = 1, if PFEnable()ASCDL] is set.
SafetyStatus()[ASCD] = 0
SafetyStatus()[ASCDL] = 1

Latch Trip SCD counter 2 SCD:Latch Limit OperationStatus([XDSG] = 1

SafetyAlert()JASCDL] = 0
PFAlert()JASCDL] = 0
PFStatus()JASCDL] = 1, if PFEnable()[ASCDL] is set.

SafetyStatus()[ASCDL] = 1 AND
Latch Reset ([NR] = 0) DA Configuration[NR] = 0 AND
Low-high-low transition on PRES pin

SafetyStatus()[ASCCL] = 1 AND SafetyStatus()[ASCDL] = 0
DA Configuration[NR] = 1 for SCD:Reset time OperationStatus()[XDSG] = 0 if SafetyStatus()[ASCD] =0

SafetyStatus()[ASCDL] = 0
OperationStatus()[XDSG] = 0 if SafetyStatus()[ASCD] = 0

Latch Reset ([NR] = 1)

2.8 Temperature Protections

The BQ40Z50-R4 device provides overtemperature and undertemperature protections, based on cell and FET
temperature measurements. The cell temperature-based protections are further divided into CHARGE and
DISCHARGE conditions. This section describes in detail each of the protection functions.

The device supports four external thermistors and one internal temperature sensor for measuring temperature.
Unused temperature sensors must be disabled by clearing the corresponding flag in Settings:Temperature
Enable[USER_TS][TS4][TS3][TS2][TS1][TSInt].

Each of the temperature sensors can be used as a source for cell or FET temperature measurement. Setting
the corresponding flag in Settings:Temperature Mode[USER_TS Mode][TS4 Mode][TS3 Mode][TS2 Mode]
[TS1 Mode][TSInt Mode] configures the sensor to measure FET temperature. Clearing the corresponding flag
configures the sensor to measure cell temperature.

The average temperature among the sensors set for FET measurement is used when Settings:DA
Configuration[FTEMP] is set. The maximum temperature is used when [FTEMP] is cleared.

Under cell temperature protections use the minimum cell temperature sensor. Over cell temperature protections
use the maximum cell temperature sensor.

The Temperature() command returns the cell temperature measurement. Setting Settings:DA
Configuration[CTEMP1]J[CTEMPO] to 1, 1 uses the smart temperature sensor. Setting Settings:DA
Configuration[CTEMP1]J[CTEMPO] to 1, 0 uses the lowest cell temperature sensor. Setting [CTEMP1]
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[CTEMPO] to 0, 1 uses the average of the sensors. A setting of 0, 0 uses the maximum cell temperature

sensor.

Smart temperature sensor scheme [CTEMP1]J[CTEMPO] = 1, 1 determine the cell temperature as:

+ Cell temperature = minimum cell temp, if [minimum cell temp] - [Mid Point Temp] < [maximum cell temp] —

Mid Point Temp |

» Cell temperature = maximum cell temp, if [minimum cell temp] - [Mid Point Temp] > [maximum cell temp] —

[Mid Point Temp]

ManufacturerBlockAccess() command DAStatus2() returns all the temperature measurements.

The Settings:Temperature Mode[USER_TS] bit enables the host to write the user temperature with the
MAC command WriteTemp(). When this feature is used, the temperature must be written in 0.1°K. This
feature is helpful on PCBs that do not have the area or height to include thermistors, but do have

a host that is capable of using its own onboard measurement of cell temperature. If [USER_TS] =1,

like other [TS4 Mode][TS3 Mode][TS2 Mode][TS1 Mode] options cell or FET temperature is selected
as per Settings:DA Configuration[ CTEMP1]J[CTEMPO] settings. To enable writing the temperature with
MAC command WriteTemp(), first a two-word override MAC sequence is required. The two-word key is

programmable using ManufacturerAccess() 0x0035 Security Keys. Both keys must be sent within 4 seconds of
each other. Once the correct two-word MAC sequence is received, ManufacturerAccess() 0x3008 Write Temp()
can be used.

The cell-based overtemperature and undertemperature safety provides protections in CHARGE and
DISCHARGE conditions. The battery pack is in CHARGE mode when Current() > Chg Current Threshold
and BatteryStatus()[DSG] = 0. The overtemperature and undertemperature in CHARGE protections are active
in this mode. BatteryStatus()[DSG] is set to 1 in a non-CHARGE mode condition, which includes RELAX and
DISCHARGE modes. The overtemperature and undertemperature in discharge protections are active in these
two modes. See Section 6.3 for detailed descriptions of the gas gauge modes.

2.9 Overtemperature in Charge Protection

The BQ40Z50-R4 device has an overtemperature protection for cells under charge.

Status Condition Action
Normal Max Cell Temp TS1..4 < OTC:Threshold OR not charging SafetyAlert()[OTC] = 0
i . SafetyAlert()[OTC] = 1
Alert Max Cell Temp TS1..4 = OTC:Threshold AND charging BatteryStatus()[TCA] = 1
SafetyAlert()[OTC] = 0
. Max Cell Temp TS1..4 = OTC:Threshold AND SafetyStatus()[OTC] = 1
Trip Charging for OTC:Delay duration BatteryStatus()[OTA] =1
: BatteryStatus()[TCA] = 0
OperationStatus()[XCHG] = 1 if FET Options[OTFET] = 1
SafetyStatus()[OTC] = 0
Recover SafetyStatus()[OTC] AND BatteryStatus()[OTA] = 0
y Max Cell Temp TS1..4 < OTC:Recovery BatteryStatus()[TCA] =0
OperationStatus()[XCHG] = 0

2.10 Overtemperature in Discharge Protection

The BQ40Z50-R4 device has an overtemperature protection for cells in the DISCHARGE or RELAX state (that

is, non-charging state with BatteryStatus[DSG] = 1).

Status Condition Action
Normal Max Cell Temp TS1..4 < OTD:Threshold OR charging SafetyAlert()[OTD] = 0
Alert Max Cell Temp TS1..4 = OTD:Threshold AND SafetyAlert()[OTD] = 1
Not charging (that is, BatteryStatus[DSG] = 1) BatteryStatus()[TDA] = 1
SafetyAlert()[OTD] = 0
Max Cell Temp TS1..4 2 OTD:Threshold AND SafetyStatus()[OTD] = 1
Trip Not charging (that is, BatteryStatus[DSG] = 1) for OTD:Delay | BatteryStatus()[OTA] = 1
duration OperationStatus()[XDSG] = 1 if FET Options[OTFET] = 1
BatteryStatus()[TDA] = 0
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Status Condition Action
SafetyStatus()[OTD] = 0
Recover SafetyStatus()[OTD] AND BatteryStatus()[OTA] = 0
Y Max Cell Temp TS1..4 < OTD:Recovery OperationStatus()[XDSG] = 0
BatteryStatus()[TDA] = 0

2.11 Overtemperature FET Protection

The BQ40Z50-R4 device has an overtemperature protection to limit the FET temperature.

Status Condition Action
Normal FET Temperature in DAStatus2() < OTF:Threshold SafetyAlert()[OTF] = 0

SafetyAlert()[OTF] =1
BatteryStatus()[TDA] = 1, [TCA] =1

SafetyAlert()[OTF] = 0
SafetyStatus()[OTF] = 1

Alert FET Temperature in DAStatus2() 2 OTF:Threshold

FET Temperature in DAStatus2() 2 OTF:Threshold for

Trip . : BatteryStatus()[OTA] = 1
OTF:Delay duration BatteryStatus()[TDA] = 0, [TCA] = 0
OperationStatus()[XCHG][XDSG] = 1,1 if FET Options[OTFET] = 1
SafetyStatus()[OTF = 0
Recove SafetyStatus()[OTF] AND BatteryStatus()[OTA] =0
ry FET Temperature in DAStatus2() < OTF:Recovery BatteryStatus()[TDA] = 0, [TCA] =0

OperationStatus()[XCHG][XDSG] = 0,0

2.12 Undertemperature in Charge Protection

The BQ40Z50-R4 device has an undertemperature protection for cells in charge direction.

Status Condition Action
Normal Min Cell Temp TS1..4 > UTC:Threshold OR not charging SafetyAlert()[UTC] =0

SafetyAlert()[UTC] = 1
BatteryStatus()[TCA] = 1

SafetyAlert()[UTC] = 0

Alert Min Cell Temp TS1..4 < UTC:Threshold AND charging

Min Cell Temp TS1..4 < UTC:Threshold AND

Trip Charging for UTC:Delay duration gifg t?;igl;%fsjgggg;@ -1
Recove SafetyStatus()[UTC] AND SafetyStatus()[UTC] = 0
ry Min Cell Temp TS1..4 = UTC:Recovery OperationStatus()[XCHG] = 0

2.13 Undertemperature in Discharge Protection

The BQ40Z50-R4 device has an undertemperature protection for cells in the DISCHARGE or RELAX state (that
is, non-charging state with BatteryStatus[DSG] = 1).

Status Condition Action
Normal Min Cell Temp TS1..4 > UTD:Threshold OR charging SafetyAlert()[UTD] = 0
Min Cell Temp TS1..4 < UTD:Threshold AND _
Alert Not charging (that is, BatteryStatus[DSG] = 1) SafetyAlert()[UTD] = 1
Min Cell Temp TS1..4 < UTD:Threshold AND gg;zg: gﬁ;’tz()s[(%%jg ;
Trip lej):a(iir:)irglng (that is, BatteryStatus[DSG] = 1) for UTD:Delay OperationStatus()XDSG] = 1
BatteryStatus()[TDA] = 1
Recover SafetyStatus()[UTD] AND SafetyStatus()[UTD] = 0
y Min Cell Temp TS1..4 2 UTD:Recovery OperationStatus()[XDSG] = 0

2.14 SBS Host Watchdog Protection

The BQ40Z50-R4 device can check periodic communication over SBS and prevent usage of the battery pack if
no valid communication is detected.

Status Condition Action

SafetyStatus()[HWD] = 1
OperationStatus()[XCHG] = 1

Trip No valid SBS transaction for HWD:Delay duration
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Status Condition Action
Recovery Valid SBS transaction detected g;ijg S;:{é’;%’:gﬁ]c;g] -0

2.15 Precharge Timeout Protection

The BQ40Z50-R4 device can measure the precharge time and stop charging if it exceeds the adjustable period.

Status

Condition

Action

Enable

Current() > PTO:Charge Threshold AND
ChargingStatus()[PV] = 1

Start PTO timer
SafetyAlert()[PTOS] = 0

Suspend or Recovery

Current() < PTO:Suspend Threshold

Stop PTO timer
SafetyAlert()[PTOS] =1
BatteryStatus()[TCA] =1

Stop PTO timer

Discharge by an amount of PTO:Reset

Trip PTO timer > PTO:Delay SafetyStatus()[PTO] = 1
OperationStatus()[XCHG] = 1
SafetyStatus([PTO] = 1 AND Stop and reset PTO timer
) . _ SafetyAlert()[PTOS] = 0
DA Configuration[NR] = 0 AND _
Reset . ) SafetyStatus()[PTO] = 0
(Discharge by an amount of PTO:Reset OR _
low-high-low transition on PRES) Delete parentheses? NM BatteryStatus()[TCA] = 0
’ OperationStatus()[XCHG] = 0
Stop and reset PTO timer
SafetyStatus()[PTO] = 1 AND SafetyAlert()[PTOS] = 0
Reset DA Configuration[NR] = 1 AND SafetyStatus()[PTO] = 0

BatteryStatus()[TCA] =0
OperationStatus()[XCHG] = 0

Note

The PTO timer resets when battery is detected fully charged (BatteryStatus()[FC] = 1).

2.16 Fast Charge Timeout Protection

The BQ40Z50-R4 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() > CTO:Charge Threshold AND
Enable (ChargingStatus()[LV] = 1 OR Start CTO timer

SafetyAlert()[CTOS] = 0

Suspend or Recovery

Current() < CTO:Suspend Threshold

Stop CTO timer
SafetyAlert()[CTOS] = 1

Stop CTO timer
SafetyStatus()[CTO] = 1

Discharge by an amount of CTO:Reset

Trip CTO time > CTO:Delay BatteryStatus()[TCA] = 1
OperationStatus()[XCHG] = 1
SafetyStatus()[CTO] = 1 AND Stop and reset CTO timer
L N _ SafetyAlert()[CTOS] = 0
DA Configuration[NR] = 0 AND _

Reset ) i SafetyStatus()[CTO] =0
(Discharge by an amount of CTO:Reset OR B S TCAI= 0
low-high-low transition on PRES) Delete parentheses? NM attery‘ fatus()[TCA] =

’ OperationStatus()[XCHG] = 0
Stop and reset CTO timer
SafetyStatus()[CTO] = 1 AND SafetyAlert()[CTOS] = 0
Reset DA Configuration[NR] = 1 AND SafetyStatus()[CTO] =0

BatteryStatus()[TCA] = 0
OperationStatus()[XCHG] = 0

Note

The CTO timer resets when the battery is detected as fully charged (BatteryStatus()[FC] = 1).
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2.17 Overcharge Protection

The BQ40Z50-R4 device can prevent continued charging if the pack is charged in excess over

FullChargeCapacity().
Status Condition Action
Normal RelativeState OfCharge() < 100% SafetyAlert()[OC] = 0
Alert Relative State OfCharge() = 100% AND SafetyAlert()[OC] = 1
Internal charge counter > 0 BatteryStatus()[TCA] = 1
SafetyAlert()[OC] = 0
. SafetyStatus()[OC] = 1
0,
Trip ﬁ‘féfg;leféaatfgfgﬂ%‘i@ 201:937/;231[; o BatteryStatus()[TCA] = 0, [OCA] = 1 if the device is in the CHARGE
9 =0 state (that is, BatteryStatus[DSG] = 0).
OperationStatus()[XCHG] = 1
Recovery, _
DA SafetyStatus()[OC] = 1 AND SafetyStatus()[OC] = 0 _
Configuration[NR] = | Low-high-low transition on PRES pin BatteryStatus()[TCA] = 0, [OCA] = 0
0 OperationStatus()[XCHG] = 0
Condition 1:
SafetyStatus()[OC] = 1 AND
Re(l:-;))‘/ery discharge of Recovery SafetyStatus()[OC] = 0
) ! B o . BatteryStatus()[TCA] =0, [OCA] =0
Configuration[NR] = | OR Condition 2: ;
9 1 [NR] SafetyStatus()[OC] = 1 AND OperationStatus()[XCHG] = 0
DA Configuration[NR] = 1 AND
RelativeState OfCharge() < OC:RSOC Recovery

2.18 OverCharging Voltage Protection

The BQ40Z50-R4 device can stop charging if it measures a difference between the requested ChargingVoltage()
and the delivered voltage from the charger. This feature only operates when the device is in CHARGE mode.

Note

ChargingVoltage() will be set to 0 mV when the protection is tripped. The ChargingVoltage() for the
recovery is the intended or targeted charging voltage, not the 0 mV that was set due to the trip of

protection.
Status Condition Action
PACK voltage in DAStatus1() < ChargingVoltage() + _
Normal CHGV:Threshold x Number of series cells SafetyAlert()[CHGV] =0
Alert PACK voltage in DAStatus1() = ChargingVoltage() + SafetyAlert()[CHGV] = 1
CHGV:Threshold x Number of series cells BatteryStatus()[TCA] =1
PACK voltage in DAStatus1() 2 ChargingVoltage() + g:;ziy /ggz(i [()C[gfl(\;]‘;i) 1
Trip CHGV:Threshold x Number of series cells for CHGV:Delay Y L
eriod BatteryStatus()[TCA] =0
P OperationStatus()[XCHG] = 1
SafetyStatus()[CHGV] =1AND SafetyStatus()[CHGV] = 0
Recovery E\?&Egg "Cai?:r;ngczggles(jq- SCHGV Recovery x Number of BatteryStatus()[TCA] = 0
series cells OperationStatus()[XCHG] = 0

2.19 OverCharging Current Protection

The BQ40Z50-R4 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 data flash.

Status Condition Action
Normal Current() < ChargingCurrent() + CHGC:Threshold SafetyAlert()[CHGC] =0
. ) SafetyAlert()[CHGC] = 1
Alert Current() = ChargingCurrent() + CHGC:Threshold BatteryStatus()[TCA] = 1
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Status Condition Action
SafetyAlert()[CHGC] = 0
Trip Current() 2 ChargingCurrent() + SafetyStatus()[CHGC] = 1

CHGC:Thresholdfor CHGC:Delay period

BatteryStatus()[TCA] =0
OperationStatus()[XCHG] = 1

Recovery

SafetyStatus()[CHGC] = 1 AND
Current() < CHGC:Recovery Threshold for CHGC:Recovery
Delay time

SafetyStatus()[CHGC] =0
BatteryStatus()[TCA] =0
OperationStatus()[XCHG] = 0

2.20 OverPrecharging Current Protection

The BQ40Z50-R4 device can stop charging if it measures a difference between the requested ChargingCurrent()
and the delivered current from the charger during precharge. This protection is designed to recover by a
discharge event; therefore, PCHGC:Recovery should be set to a negative value in data flash.

Status Condition Action
Current() < ChargingCurrent() + PCHGC:Threshold AND _
Normal ChargingStatus()[PV] = 1 SafetyAlert()[PCHGC] = 0
Alert Current() 2 ChargingCurrent() + PCHGC:Threshold AND SafetyAlert()[PCHGC] = 1
ChargingStatus()[PV] = 1 BatteryStatus()[TCA] = 1
Current() 2 ChargingCurrent() + gzzg gg’tys [(’;[ggflglcjg 1
Trip PCHGC:Thresholdfor PCHGC:Delay period AND : _
ChargingStatus()[PV] = 1 If charging, BatteryStatus()[TCA] = 0
OperationStatus()[XCHG] = 1
SafetyStatus()[PCHGC] = 1 AND SafetyStatus()[PCHGC] = 0
Recovery Current() < PCHGC:Recovery Threshold for BatteryStatus()[TCA] = 0
PCHGC:Recovery Delay time OperationStatus()[XCHG] = 0
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. Chapter 3

. F{II\EI)S(’?PS{UMENTS Permanent Fail

3.1 Introduction

The BQ40Z50-R4 device can permanently disable the use of the battery pack in case of a significant

failure. The permanent failure checks, except for IFC and DFW, can be enabled or disabled individually

by setting the appropriate bit in Settings:Enabled PF A, Settings:Enabled PF B, Settings:Enabled PF

C, and Settings:Enabled PF D. All permanent failure checks, except for IFC and DFW, are disabled until
ManufacturingStatus()[PF] is set. When any PFStatus() bit is set, the device enters PERMANENT FAIL mode
and the following actions are taken in sequence:

1.

Precharge, charge, and discharge FETs are turned off.

2. OperationStatus()[PF] =1, [XCHG] = 1, [XDSG] =1

3. The following SBS data is changed: BatteryStatus()[TCA] = 1, BatteryStatus()[TDA] = 1, ChargingCurrent() =
0, and ChargingVoltage() = 0.

4. A backup of the internal AFE hardware registers are written to data flash: AFE Interrupt Status, AFE
FET Status, AFE RXIN, AFE Latch Status, AFE Interrupt Enable, AFE FET Control, AFE RXIEN, AFE
RLOUT, AFE RHOUT, AFE RHINT, AFE Cell Balance, AFE AD/CC Control, AFE ADC Mux, AFE LED
Output, AFE State Control, AFE LED/Wake Control, AFE Protection Control, AFE OCD, AFE SCC, AFE
SCD1, and AFE SCD2.

5. The black box data of the last three SafetyStatus() changes leading up to PF with the time difference is
written into the black box data flash along with the 1St PFStatus() value.

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

» SafetyAlert()

» SafetyStatus()

*  PFAlert()

* PFStatus()

* OperationStatus()

* ChargingStatus()

* GaugingStatus()

* Voltages in DAStatus1()

* Current()

« TSINT, TS1, TS2, TS3, and TS4 from DAStatus2()
+ Cell DODO and passed charge

7. Data flash writing is disabled (except to store subsequent PFStatus() flags).

8. The FUSE pin is driven high if configured for specific failures and Voltage() is above Min Blow Fuse
Voltage or there is a CHG FET (CFETF) or DSG FET (DFETF) failure. The FUSE pin will remain asserted
until the Fuse Blow Timeout expires.
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Note

If [PACK_FUSE] = 0, Voltage() is used to check for Min Blow Fuse Voltage, indicating the fuse is

connected to the BAT side.

If [PACK_FUSE] = 1 (that is, the fuse is connected to the PACK side and is required to have a charger
connected in order to blow the fuse), then the PACK voltage is used to check for Min Blow Fuse

Voltage threshold.

While the device is in PERMANENT FAIL mode, any new SafetyAlert(), SafetyStatus(), PFAlert(), and PFStatus()
flags that are set are added to the permanent fail log. Any new PFStatus() flags that occur during PERMANENT
FAIL mode can trigger the FUSE pin. In addition, new PFStatus() flags are recorded in the Black Box Recorder

2nd and 34 PF Status entries.

3.1.1 Black Box Recorder
The Black Box Recorder maintains the last three updates of SafetyStatus() in memory. When entering
PERMANENT FAIL mode, this information is written to data flash together with the first three updates of

PFStatus() after the PF event.

1 st 2nd 3rd 1 st 2nd 3rd
Safety Safety Safety PF PF PF PF
Status Status Status Status Status Status

QK 2% % Q%= 2% O % =
IS IS
52%% | =2g% | 52 | 52 | =8% | £8%
Lo N weo Lo 2o weo
v vy * v A y Ay Ay Ay
time
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.

3.1.2 GPIO Control During Permanent Failure
The device includes a feature to toggle a GPIO pin if the FUSE signal is asserted. It is enabled by setting
[GPIO_PF] and clearing [LED_EN)]. After the FUSE signal is asserted in PERMANENT FAILURE mode, the
LEDCNTLC pin will be driven high for GPIO_Timeout seconds. If GPIO_Timeout = 0, the pin is held high

indefinitely.
3.2 Safety Cell Undervoltage Permanent Fail

The device can permanently disable the battery in the case of significant undervoltage in any of the cells.

Action

Status

Condition

Normal

Min cell voltage1..4 > SUV:Threshold

PFAlert()[SUV] =0
BatteryStatus()[TDA] =0

Alert

Min cell voltage1..4 < SUV:Threshold

PFAlert()[SUV] =1
BatteryStatus()[TDA] = 1

Trip

Min cell voltage1..4 < SUV:Threshold for SUV:Delay duration

PFAlert()[SUV] = 0
PFStatus()[SUV] = 1
BatteryStatus()[FD] = 1
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3.2.1 SUV Check Option
When Protection Configuration[SUV_MODE] is set, the SUV PF check only applies when the gauge wakes

up from shutdown. The CHG and DSG FETs are disabled for the duration of the test (SUV:Delay) to prevent an

applied charge voltage from masking a copper deposition condition.

3.3 Safety Cell Overvoltage Permanent Fail

The BQ40Z50-R4 device can permanently disable the battery in the case of significant overvoltage in any of the

cells.
Status Condition Action
Normal Max cell voltage1..4 < SOV:Threshold PFAlert()[SOV] =0
. PFAlert()[SOV] = 1
Alert Max cell voltage1..4 = SOV:Threshold BatteryStatus()[TCA] = 1
. . . . PFAlert()[SOV] =0
Trip Max cell voltage1..4 = SOV:Threshold for SOV:Delay duration PFStatus()[SOV] = 1

3.4 Safety Overcurrent in Charge Permanent Fail

The BQ40Z50-R4 device can permanently disable the battery in the case of significant overcurrent in the
CHARGE state.

Status Condition Action
Normal Current() < SOCC:Threshold PFAlert()[SOCC] =0
i PFAlert()[SOCC] =1
Alert Current() 2 SOCC:Threshold BatteryStatus()[TCA] = 1
. i . . PFAlert()[SOCC] =1
Trip Current() 2 SOCC:Threshold for SOCC:Delay duration PFStatus()[SOCC] = 1

3.5 Safety Overcurrent in Discharge Permanent Fail

The BQ40Z50-R4 device can permanently disable the battery in the case of significant overcurrent in the
DISCHARGE or RELAX state.

Status Condition Action
Normal Current() > SOCD:Threshold PFAlert()[SOCD] =0
i PFAlert()[SOCD] =1
Alert Current() < SOCD:Threshold BatteryStatus()[TDA] = 1
. . . . PFAlert()[SOCD] = 1
Trip Current() < SOCD:Threshold for SOCD:Delay duration PFStatus()[SOCD] = 1

3.6 Safety Overtemperature Cell Permanent Fail

The BQ40Z50-R4 device can permanently disable the battery pack in case of significant overtemperature of
the cells detected using the external TS1..4 temperature sensor(s), which are configured to report as cell
temperature, Temperature(). For Safety Overtemperature Cell Permanent Fail, the temperature sensor with
the highest temperature is used.

Status Condition Action
CHARGE mode: All CellVoltageN() < SOTC:Threshold
Normal DISCHARGE or RELAX mode: All CellVoltageN() < |PFAlert()[SOT] =0
SOTD:Threshold
CHARGE mode: A CellVoltageN() =2 SOTC:Threshold
Aet  |DISCHARGE or RELAX mode: A CellVoltageN()2 | 0001 T
SOTD:Threshold
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Status Condition Action
CHARGE mode: A CellVoltageN() =2 SOTC:Threshold for
SOTC:Delay duration PFAlert()[SOT] = 0
Trip PFStatus()[SOT] = 1

DISCHARGE or RELAX mode: A CellVoltageN() =
SOTD:Threshold for SOTD:Delay duration

BatteryStatus()[OTA] = 1

3.7 Safety Overtemperature FET Permanent Fail

The BQ40Z50-R4 device can permanently disable the battery pack in case of significant overtemperature on
the power FET. The temperature sensor(s) can be configured to report as FET temperature in DAStatus2() by
setting the corresponding flag in Temperature Mode and DA Configuration[FTEMP].

Status

Condition Action
Normal FET Temperature in DAStatus2() < SOTF:Threshold PFAlert()[SOTF] =0
. . PFAlert()[SOTF] =1
Alert FET Temperature in DAStatus2() 2 SOTF:Threshold BatteryStatus()[OTA] = 0
. FET Temperature in DAStatus2() = SOTF:Threshold for PFAlert()[SOTF] = (_)
Trip SOTF:Delay duration PFStatus()[SOTF] = 1
: BatteryStatus()[OTA] = 1

3.8 QMax Imbalance Permanent Fail

The BQ40Z50-R4 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
[Max(QMax Cell 1..4) — Min(QMax1..4)}/Qmax Pack x 100 < _
Normal QIM:Delta Threshold PFAlert()[QIM] =0
[Max(QMax Cell 1..4) — Min(QMax1..4)}/Qmax Pack x 100 > _
Alert QIM:Delta Threshold PRAlert()[QIM] = 1
- [Max(QMax Cell 1..4) - Min(QMax?..4)}/Qmax Pack x 100 = PFAlert()[QIM] = 0
P QIM:Delta Threshold for number of QIM:Delay () updates PFStatus()[QIM] = 1

(1)  The delay for this check is counted each time QMax Cycle Count is updated.

3.9 Cell Balancing Permanent Fail

The BQ40Z50-R4 device can permanently disable the battery pack in case one of the cells in the stack is
cell-balanced much more than the others.

Status Condition Action
Normal A(CB Time Cell 1..4) < CB:Delta Threshold PFAlert()[CB] = 0
Alert A(CB Time Cell 1..4) = CB:Delta Threshold PFAlert()[CB] = 1
PFAlert()[CB] =0
i A(CB Time Cell 1..4) > CB:Delta Threshold for CB:Delay (") PFStatus()[CB] = 1
P cycles BatteryStatus()[TCA] = 1
BatteryStatus()[TDA] = 1
) . . PFAlert()[CB] = 0
Trip Max (CB Time Cell 1..4) = CB:Max Threshold PFStatus()[CB] = 1

(1)  The delay for this check is counted each time QMax Cycle Count is updated.

3.10 Impedance Permanent Fail

The BQ40Z50-R4 device can permanently disable the battery pack in case the impedance of one of the cells is
much higher than the others.
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Note

Reference Grid is configurable from 0 (resistance at fully charged cell) to 14 (resistance at fully
discharged cell). The default setting of Reference Grid = 4 is a good typical value to use because
it is close to the average in the range of 20% to 100% SOC. Design Resistance is automatically
calculated and updated during the 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 directly. If
a selected grid point is typically being scaled rather than directly updated by the gauge (for example,
grid point 0 or grid point 14), this check is effectively disabled. It is recommended to use the default

Design Resistance setting.

Status Condition Action
A(Cell 1..4 R_a at IT Cfg:Reference Grid) <
Normal (IMP:Delta Threshold x PFAlert()[IMP] = 0
IT Cfg:Design Resistance)
A(Cell 1..4 R_a at IT Cfg:Reference Grid) =
Alert (IMP:Delta Threshold x PFAlert()[IMP] = 1
IT Cfg:Design Resistance)
A(Cell 1.4 R_a at IT Cfg:Reference Grid) > PFAlert()[IMP] = 0
. . PFStatus()[IMP] = 1
Trip (IMP:Delta Threshold x _
IT Cfg:Design Resistance) for IMP:Ra Update Counts BatteryStatus()[TCA] = 1
: ) BatteryStatus()[TDA] = 1
Tri A(Cell 1..4 R_a at IT Cfg:Reference Grid) = PFAlert()[IMP] = 0
P (IMP:Max Threshold x IT Cfg:Design Resistance) PFStatus()[IMP] = 1

3.11 Capacity Degradation Permanent Fail

The BQ40Z50-R4 device can permanently disable the battery pack in case the capacity of the battery is
degraded below a threshold.

Status Condition Action
Normal QMax pack > CD:Threshold PFAlert()[CD] =0
Alert QMax pack < CD:Threshold PFAlert()[CD] =1
. PFAlert()[CD] =0
. . 1)
Trip QMax pack < CD:Threshold for CD:Delay ') cycles PFStatus()[CD] = 1

(1)  The delay for this check is counted each time QMax Cycle Count is updated.

3.12 Voltage Imbalance At Rest Permanent Fail

The BQ40Z50-R4 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

Normal

Max cell voltage1..4 < VIMR:Check Voltage OR
|Current()| > VIMR:Check Current OR

Max cell voltage1..4 — Min cell voltage1..4 < VIMR:Delta
Threshold

PFAlert()[VIMR] = 0

Alert

(Max cell voltage1..4 = VIMR:Check Voltage AND
|Current()| < VIMR:Check Current) for VIMR:Duration AND
Max cell voltage1..4 — Min cell voltage1..4 = VIMR:Delta
Threshold

PFAlert()[VIMR] = 1

Trip

(Max cell voltage1..4 = VIMR:Check Voltage AND
|Current()| < VIMR:Check Current) for VIMR:Duration AND
Max cell voltage1..4 — Min cell voltage1..4 = VIMR:Delta
Threshold for VIMR:Delta Delay

PFAlert()[VIMR] = 0
PFStatus()[VIMR] = 1
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3.13 Voltage Imbalance Active Permanent Fail

The BQ40Z50-R4 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

Max cell voltage1..4 < VIMA:Check Voltage OR
Current() < VIMA:Check Current OR

Max cell voltage1..4 — Min cell voltage1..4 < VIMA:Delta
Threshold

PFAlert()[VIMA] = 0

Alert

Max Cell voltage = VIMA:Check Voltage AND

Current() > VIMA:Check Current AND

Max cell voltage1..4 — Min cell voltage1..4 = VIMA:Delta
Threshold

PFAlert()[VIMA] = 1

Trip

(Max cell voltage1..4 = VIMA:Check Voltage AND
Current() > VIMA:Check Current AND

Max cell voltage1..4 — Min cell voltage1..4 = VIMA:Delta
Threshold) for VIMA:Delay

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

3.14 Charge FET Permanent Fail
The BQ40Z50-R4 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() < CFET:OFF Threshold PFAlert()[CFETF] = 0
Alert CHG FET off AND Current() 2 CFET:OFF Threshold PFAlert()[CFETF] =1
Trip CHG I.:ET off AND Currfent() 2 CFET:OFF Threshold for PFAlert()[CFETF] = 9
CFET:OFF Delay duration PFStatus()[CFETF] = 1

3.15 Discharge FET Permanent Fail
The BQ40Z50-R4 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() > DFET:OFF Threshold PFAlert()[DFETF] = 0
Alert DSG FET off AND Current() < DFET:OFF Threshold PFAlert()[DFETF] = 1
Trip DSG FET off AND Curr_ent() < DFET:OFF Threshold for PFAlert()[DFETF] = 9
DFET:OFF Delay duration PFStatus()[DFETF] =1

3.16 Chemical Fuse Permanent Fail

The BQ40Z50-R4 device can detect a non-working fuse. It cannot disable the battery pack permanently, but can
record this event for analysis.

Status Condition Action
Normal FUSE pin = high AND |Current()| < FUSE:Threshold PFAlert()[FUSE] =0
Alert FUSE pin = high AND |Current()| =2 FUSE:Threshold PFAlert()[FUSE] =1
Trip FUSE_pin = high AND |Current()| =2 FUSE:Threshold for PFAlert()[FUSE] = 9
FUSE:Delay duration PFStatus()[FUSE] = 1

3.17 AFE Register Permanent Fail

The BQ40Z50-R4 device compares the AFE hardware register periodically with a RAM backup and corrects
any errors. If any errors are found during the check, the device increments the AFE register fail counter. If the
comparison fails too many times, the device disables the pack permanently.
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Status Condition Action
PFAlert()[AFER] =0
Normal AFE register fail counter = 0 Compare AFE register and RAM backup every

AFER:Compare Period

PFAlert()[AFER] = 1
Decrement AFE register fail counter by one after

Alert AFE register fail counter > 0 each AFER:Delay Period
Compare AFE register and RAM backup every
AFER:Compare Period

Trip AFE register fail counter > AFER:Threshold PFRAIert)[AFER] = 0

PFStatus()[AFER] = 1

3.18 AFE Communication Permanent Fail

The BQ40Z50-R4 device monitors the internal communication to the AFE hardware and increments the AFE
read/write fail counter on any communication error. If the read or write fails exceed a limit within a configurable
timeframe, the device disables the pack permanently.

Status Condition Action
Normal AFE read/write fail counter = 0 PFAlert()[AFEC] =0
PFAlert()[AFEC] = 1
Alert AFE read/write fail counter > 0 Decrement AFE read/write fail counter by one after
each AFEC:Delay Period
. . . . PFAlert()[AFEC] = 0
Trip Read and Write Fail counter 2 AFEC:Threshold PFStatus()[AFEC] = 1

3.19 PTC Permanent Fail

The BQ40Z50-R4 device can detect 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 FETs are turned off, and the pack is disabled
permanently. For manufacturer testing, the fault state can be reset by a full power cycle of the device.

This is a hardware controlled feature. To enable this feature, the PTCEN pin should be tied to BAT. To disable
this feature, connect the PTCEN pin to ground.

Status Condition Action
Normal Reset AFE and PTC pin = high PFStatus()[PTC] =0
PFStatus()[PTC] = 1
) L FUSE = high
Trip PTC pin = low BatteryStatus()[TCA] = 1
BatteryStatus()[TDA] = 1

3.20 Second Level Protection Permanent Fail

The BQ40Z50-R4 device can detect an 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 FETs are turned off.

Clearing Enabled PF C[2LVL] does not prevent the second-level protector from triggering and blowing the fuse:
Clearing Enabled PF C[2LVL] only prevents the gauge from detecting the FUSE state.

Status Condition Action
Reset AFE and FUSE pin = low AND _
Normal No FUSE trigger by firmware PFAlert()[2LVL] =0
Alert FUSE pin = high AND PFAlert()[2LVL] = 1
No FUSE trigger by firmware Reset AFE FUSE bit
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Status Condition Action
Tri FUSE pin high for 2LVL:Delay period AND PFAlert()[2LVL] =0
P No FUSE trigger by firmware PFStatus()[2LVL] =1

3.21 Instruction Flash (IF) Checksum Permanent Fail

The BQ40Z50-R4 device can permanently disable the battery if it detects a difference between the stored and
calculated IF checksum following a device reset.

Status Condition Action
Normal The stored and calculated IF checksum matches. —
Trip 'Ir;rzcs;]tored and calculated IF checksum after a reset does not PFStatus()[IFC] = 1

3.22 Data Flash (DF) Permanent Fail

The BQ40Z50-R4 device can permanently disable the battery in case a data flash write fails.

A DF write failure causes the gauge to disable further DF writes.

Note

Status Condition Action
Normal The data flash write is successful. —
Trip The data flash write is not successful. PFStatus()[DFW] = 1

3.23 Open Thermistor Permanent Fail (TS1, TS2, TS3, TS4)

The BQ40Z50-R4 device can permanently disable the battery if it detects an open thermistor on TS1, TS2, TS3,
or TS4. The state of TS1..4 and the internal temperature sensor is available in DAStatus2().

Status

Condition

Action

Normal,
TS1

TS1 Temperature > Open Thermistor:Threshold

OR

Internal Temperature < TS1 Temperature + Cell Delta if
Temperature Mode[TS1 Mode] = 0

OR

Internal Temperature < TS1 Temperature + FET Delta if
Temperature Mode[TS1 Mode] = 1

PFAlert()[TS1] = 0

Normal,
TS2

TS2 Temperature > Open Thermistor:Threshold

OR

Internal Temperature < TS2 Temperature + Cell Delta if
Temperature Mode[TS2 Mode] = 0

OR

Internal Temperature < TS2 Temperature + FET Delta if
Temperature Mode[TS2 Mode] = 1

PFAlert()[TS2] = 0

Normal,
TS3

TS3 Temperature > Open Thermistor:Threshold

OR

Internal Temperature < TS3 Temperature + Cell Delta if
Temperature Mode[TS3 Mode] = 0

OR

Internal Temperature < TS3 Temperature + FET Delta if
Temperature Mode[TS3 Mode] = 1

PFAlert()[TS3] = 0

Normal,
TS4

TS4 Temperature > Open Thermistor:Threshold

OR

Internal Temperature < TS4 Temperature + Cell Delta if
Temperature Mode[TS4 Mode] = 0

OR

Internal Temperature < TS4 Temperature + FET Delta if
Temperature Mode[TS4 Mode] = 1

PFAlert()[TS4] = 0
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Status Condition Action
Condition 1:

TS1 Temperature < Open Thermistor:Threshold AND
Internal Temperature > TS1 Temperature + Cell Delta if
Alert, Temperature Mode[TS1 Mode] = 0

TS1 OR Condition 2:

TS1 Temperature < Open Thermistor:Threshold AND
Internal Temperature > TS1 Temperature + FET Delta if
Temperature Mode[TS1 Mode] = 1

Condition 1:

TS2 Temperature < Open Thermistor:Threshold AND
Internal Temperature > TS2 Temperature + Cell Delta if
Alert, Temperature Mode[TS2 Mode] = 0

TS2 OR Condition 2:

TS2 Temperature < Open Thermistor:Threshold AND
Internal Temperature > TS2 Temperature + FET Delta if
Temperature Mode[TS2 Mode] = 1

Condition 1:

TS3 Temperature < Open Thermistor:Threshold AND
Internal Temperature > TS3 Temperature + Cell Delta if
Alert, Temperature Mode[TS3 Mode] = 0

TS3 OR Condition 2:

TS3 Temperature < Open Thermistor:Threshold AND
Internal Temperature > TS3 Temperature + FET Delta if
Temperature Mode[TS3 Mode] = 1

Condition 1:

TS4 Temperature < Open Thermistor:Threshold AND
Internal Temperature > TS4 Temperature + Cell Delta if
Alert, Temperature Mode[TS4 Mode] = 0

TS4 OR Condition 2:

TS4 Temperature < Open Thermistor:Threshold AND
Internal Temperature > TS4 Temperature + FET Delta if
Temperature Mode[TS4 Mode] = 1

Condition 1:

TS1 Temperature < Open Thermistor:Threshold AND

Internal Temperature > TS1 Temperature + Cell Delta for Open
Thermistor:Delay duration if

Trip, Temperature Mode[TS1 Mode] = 0 PFAlert()[TS1] =0
TS1 OR Condition 2: PFStatus()[TS1] =1
TS1 Temperature < Open Thermistor:Threshold AND
Internal Temperature > TS1 Temperature + FET Delta for
OpenThermistor:Delay duration if

Temperature Mode[TS1 Mode] = 1

Condition 1:

TS2 Temperature < Open Thermistor:Threshold AND

Internal Temperature > TS2 Temperature + Cell Delta for Open
Thermistor:Delay duration if

Trip, Temperature Mode[TS2 Mode] = 0 PFAlert()[TS2] = 0
TS2 OR Condition 2: PFStatus()[TS2] = 1
TS2 Temperature < Open Thermistor:Threshold AND
Internal Temperature > TS2 Temperature + FET Delta for
OpenThermistor:Delay duration if

Temperature Mode[TS2 Mode] = 1

PFAlert()[TS1] = 1

PFAlert()[TS1] = 1

PFAlert()[TS1] = 1

PFAlert()[TS1] = 1
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Status

Condition

Action

Trip,
TS3

Condition 1:

TS3 Temperature < Open Thermistor:Threshold AND

Internal Temperature > TS3 Temperature + Cell Delta for Open
Thermistor:Delay duration if

Temperature Mode[TS3 Mode] = 0

OR Condition 2:

TS3 Temperature < Open Thermistor:Threshold AND
Internal Temperature > TS3 Temperature + FET Delta for
OpenThermistor:Delay duration if

Temperature Mode[TS3 Mode] = 1

PFAlert()[TS3] = 0
PFStatus()[TS3] = 1

Trip,
TS4

Condition 1:

TS4 Temperature < Open Thermistor:Threshold AND

Internal Temperature > TS4 Temperature + Cell Delta for Open
Thermistor:Delay duration if

Temperature Mode[TS4 Mode] = 0

OR Condition 2:

TS4 Temperature < Open Thermistor:Threshold AND
Internal Temperature > TS4 Temperature + FET Delta for
OpenThermistor:Delay duration if

Temperature Mode[TS4 Mode] = 1

PFAlert()[TS4] = 0
PFStatus()[TS4] = 1

3.24 Cell Overvoltage Latch Permanent Failure

The BQ40Z50-R4 device can permanently disable the battery in the case of repeated cell overvoltage events.
PFAlert()[COVL] and PFStatus()[COVL] use the same logic and data flash settings as SafetyAlert()[COVL] and
SafetyStatus()[COVL] with the exception of there being no recovery mechanism. It is recommended to not have
both PFStatus()[COVL] and SafetyStatus()[COVL] enabled at the same time.

3.25 Manual Permanent Failure

The BQ40Z50-R4 device can permanently disable the battery upon receipt of a two-word MAC sequence. The
two-word key is programmable via ManufacturerAccess() 0x0035 security keys. Both keys must be sent within 4
s of each other for [PFFORCE] to activate.
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Chapter 4

Advanced Charge Algorithm

4.1 Introduction

The BQ40Z50-R4 device can change the values of ChargingVoltage() and ChargingCurrent() based on
Temperature() and cell voltage1..4 or RelativeStateofCharge(). Its flexible charging algorithm is JEITA
compatible and can also meet other specific cell manufacturer charge requirements. The ChargingStatus()
register shows the state of the charging algorithm.

[

Cell Voltage

CVH

CVM

CVL

A

|

[}

|

|

LTCCH | STLCCH | RTCCH | STHCCH | HTCCH |

|
________ L __

|

|

LTCCM | STLCCM | RTCCM | STHCCM | HTCCM

|
________ | I,

|

|

LTCCL | STLCCL | RTCCL | STHCCL | HTCCL |

|

PCHG
] : [}
__CHG ! , !
SUSP 1 | CHG CHG

cHe I — CHG NDRMAL — T INHIBIT T SUSP

INHIBIT 1 ! !
T 6 T3 T4 -

Temperature

4.2 Charge Temperature Ranges

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
data flash should adhere to the following format:

T1<T2<T5<T6

<T3<T4.
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Under Temp l Low Temp I Standard Temp Low I Recommended Temp I Standard Temp High l High Temp Over Temp
Chargir 0[uT]=1 | Chargi O[LT] =1 ChargingStatus() [STL] =1 Chargir )[RT] =1 Chargi 0[STH]=1 |  Chargi 9 ()[OT] =1
Temy erature(, Tl Te tur Te I 75 |
ﬁlys torec ls A ‘; %ﬂ;gfge;l y e()T;"l"'z’; %’Bg?e’?e%’.e”rémp + Temperature() >T6 Temperatu(e() >T3 Temperature() >T4
) ) I
Temperature()| <T1 Temperature(f <T2 Temperature()} <T5 Temperature() Temperature()} <T3 — Temperature
Hysteres| Hysteres}s Temp Temp
T1 T2 1] T6 73 Temperature()

4.3 Voltage Range

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

adhere to the following format:

Charging Voltage Low < Charging Voltage Med < Charging Voltage High < x Temp Charging:Voltage
[ [ [

where x is standard or recommended. Depending on the specific charging profile, the Low Temp
Charging:Voltage and High Temp Charging:Voltage settings do not necessarily have the highest setting
values. The voltage range below is determined based on either max cell voltage, min cell voltage, or average
cell voltage by configuring Settings:Charging Configuration Ext[CELL_VAL1]J[CELL_VALO]. Max Cell Voltage
1...4 below is used when Settings:Charging Configuration Ext[CELL_VAL1J[CELL_VALQ] is setto 0, 0.

Cell Voltage

Not Charging
AND
Max Cell Voltage 1...4 <
Charging Voltage High —
Charging Voltage Hysteresis

Charging Voltage
High

Not Charging
AND
Max Cell Voltage 1...4 <
Charging Voltage Medium —
Charging Voltage Hysteresis

Charging Voltage

Medium _______%___

Not Charging
AND
Max Cell Voltage 1...4 <
Charging Voltage Low —
Charging Voltage Hysteresis

Charging Voltage | _ __ _ \ __ ___ __ __ __ __ —
Low

At any non pre-charge state,
If Min Cell Voltage < Precharge Start Voltage

Max Cell Voltage 1...4 >
Charging Voltage High

Max Cell Voltage 1...4 >
Charging Voltage Medium

Min Cell Voltage 1...4 >
Charging Voltage Low

High Voltage State
ChargingStatus()[HV] = 1

— e — e —— -

N

Medium Voltage State
ChargingStatus()[MV] =1

Low Voltage State
ChargingStatus()[LV] = 1

Precharge State
ChargingStatus()[PV] =1
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4.3.1 RelativeStateofCharge() Range

If [SOC_CHARGE] in Charging Configuration is set, then the voltage threshold control, as described in
Section 4.3, is replaced with the RelativeState OfCharge() control.

With this method, the following changes in control transitions occur:

1. [LV] state and RelativeStateOfCharge() > Charging SOC Mid; move to [MV].
2. [MV] state and RelativeStateOfCharge() > Charging SOC High; move to [HV].

3. [MV]state [DSG] = 1, and RelativeStateOfCharge() < Charging SOC Mid — SOC Hysteresis;
move to [LV].

4. [HV] state [DSG] = 1, and RelativeStateOfCharge() < Charging SOC High — Charging SOC Hysteresis;
move to [MV].

Table 4-1. RelativeStateofCharge() Range

Class Subclass Name Type Min Value Max Value |Default Value | Unit
Advanced Charge | oo Range Charging SOC Mid U1 0 100 50 %
Algorithm
Advanced Charge . . o
Algorithm SOC Range Charging SOC High U1 0 100 75 %o
Advanced Charge . . o
Algorithm SOC Range Charging SOC Hysteresis U1 0 100 1 %o

4.4 Charging Current

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

The Charging Configuration[CRATE] flag provides an option to adjust the ChargingCurrent() based on
FullChargeCapacity()/DesignCapacity().

For example, with [CRATE] = 1, if FullChargeCapacity()/DesignCapacity() = 90% and Rec Temp Charging:
Current Med is active per the charging algorithm, then ChargeCurrent() = Rec Temp Charging: Current Med x
90%.

Note
Table priority is top to bottom.
Temp Range Voltage Range Condition Action
Any Any OperationStatus()[XCHG] = 1 ChargingCurrent() = 0
UT or OT Any — ChargingCurrent() = 0
Any PV — ChargingCurrent() = Pre-Charging:Current
Any LV, MV, or HV ChargingStatus()[MCHG] = 1 ChargingCurrent() = Maintenance Charging:Current
LV . ChargingCurrent() = Low Temp Charging:Current
Low
ChargingCurrent() = Low Temp Charging:Current
LT MV —
Med
ChargingCurrent() = Low Temp Charging:Current
HV — .
High
ChargingCurrent() = Standard Temp Low
LV — .
Charging:Current Low
STL MV . ChargingCurrent() = Standard Temp Low
Charging:Current Med
HY . ChargingCurrent() = Standard Temp Low
Charging:Current High
SLUUCH2 — MARCH 2021 BQ40250-R4 41

Submit Document Feedback
Copyright © 2021 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUUCH2&partnum=BQ40Z50-R4

Advanced Charge Algorithm

13 TEXAS

INSTRUMENTS

www.ti.com

Temp Range Voltage Range Condition Action
ChargingCurrent() = Standard Temp High
LV — .
Charging:Current Low
STH MV _ ChargingCurrent() = Standard Temp High
Charging:Current Med
HY _ ChargingCurrent() = Standard Temp High
Charging:Current High
LV _ ChargingCurrent() = Rec Temp Charging:Current
Low
ChargingCurrent() = Rec Temp Charging:Current
RT MV —
Med
HY . ChargingCurrent() = Rec Temp Charging:Current
High
LV . ChargingCurrent() = High Temp Charging:Current
Low
ChargingCurrent() = High Temp Charging:Current
HT MV —
Med
HY . ChargingCurrent() = High Temp Charging:Current
High

4.5 Charging Voltage

ChargingVoltage() is dependent on cell temperature per the ch