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bg78350-R1 TRM Addendum for the bg78350-R2 Device

This document is an addendum to the bq78350-R1 Technical Reference Manual (TRM, SLUUBD3) and
discusses maodifications relating to the bq78350-R2 device. Items not discussed in this addendum have
not changed.

Notational Conventions

Information Type Formatting Convention Example

Commands Italics with parentheses and no breaking spaces RemainingCapacity() command
Data Flash (DF) Italics, bold, and breaking spaces Design Capacity data
Register bits and flags Brackets and italics [TDA] bit

Data flash bits Brackets, italics, and bold [LED1] bit

Modes and states ALL CAPITALS UNSEALED mode

Related Documentation from Texas Instruments

The following is related documentation;
1. bq78350-R1 Technical Reference Manual (SLUUBD?3)

2. bq78350-R1 CEDV Li-lon Gas Gauge and Battery Management Controller Companion to the bq769x0
Battery Monitoring AFE Data Sheet (SLUSCDO)

3. bg78350 Data Memory Programming for Mass Production Application Report (SLUA742)

Trademarks
All trademarks are the property of their respective owners.

Glossary
Tl Glossary —This glossary lists and explains terms, acronyms, and definitions.
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General Description

The bq78350-R2 device is a modified version of the catalog bq78350-R1 device, which modifies selected
functionality as well as adding new features. This document details the changes regarding the bq78350-
R2 device with respect to the bq78350-R1 device.

Production Plans

To use the bg78350-R2 device, customers must order the catalog bq78350-R1 device from Tl.com, and
program the device with the Tl-provided bq78350-R2 firmware. Thus, the package and pinout will remain
the same as the bq78350-R1 device, with the exception of some modified functionality associated with the
GPIO_B pin.

Added Features

PRE-DISCHARGE Mode

The bq78350-R2 device includes new functionality to provide pre-discharge control functionality on the
GPIO_B pin (pin 28) for use with a high-side PFET. This pin functions as an open-drain output pin, which
is expected to drive the gate of an NFET with source at ground. When the NFET is turned on, it will pull
down the PFET gate and enable pre-discharge. When the NFET is turned off, the PFET gate will be pulled
up and turn off the PFET, disabling pre-discharge.
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Figure 1. PRE-DISCHARGE

If the DSG FET is off and the bq78350-R2 device receives a request to turn it on, and if the bq78350 does
not detect a charging current above a level of Charge Current Threshold, the bq78350-R2 device will
first enter a pre-discharge phase for a length of time given by Pre-Discharge:[FET ON Time]. After this
time expires, the bq78350-R2 device will disable the pre-discharge phase and turn on the DSG FET.

If the DSG FET is off and the bq78350-R2 device receives a request to turn it on, and if the bq78350-R2
device detects a charging current above a level of Charge Current Threshold, the bq78350-R2 device
will immediately turn on the DSG FET and not first implement a pre-discharge phase.

While the bq78350-R2 device is in the pre-discharge phase, if any fault or issue occurs that would
normally cause the DSG FET to be disabled (such as ACSD, AOLD, OTD, UTD), then the bg78350-R2
device will immediately disable the pre-discharge phase but keep the DSG FET off until all such faults are
cleared.

3.11 Flash Changes for PRE-DISCHARGE Mode

Data flash bits to enable/disable the pre-discharge functionality and control the polarity of the signaling
used on GPIO_B are included in the FET Options register.

Class Subclass Name Format ?Bi)z/(teeisn Min Max Default Unit
Settings Configuration | FET Options Hex 2 0x0000 OxFFFF 0x0021 —
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
High byte RSVD RSVD RSVD RSVD PDSG_POL | PDSG_EN KEY_POL | PCHG_POL
Low Byte RSVD SLEEPCHG CHGFET CHGIN CHGSU OTFET KEY_EN PCHG_EN

RSVD (Bits 7-4): Reserved

PDSG_POL: Configures the bg78350-R2 device GPIO_B pin output polarity when used for PRE-
DISCHARGE mode. If PDSG_EN = 0, then this bit has no influence.
0 = The bq78350-R2 device configures the GPIO_B as active low (default).

1 = The bq78350-R2 device configures the GPIO_B as active high, requiring an external pull up.
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PDSG_EN: This bit enables the bq78350-R2 device to use the GPIO_B pin during PRE-DISCHARGE
mode.

0 = The bq78350-R2 device does not use GPIO_B for PRE-DISCHARGE mode (default)
1 = The bq78350-R2 device controls GPIO_B under normal charge control algorithm.

KEY_POL: This bit configures the KEYIN input detection polarity.
0 = KEYIN detection is active low (default).
1 = KEYIN detection is active high.
PCHG_POL: Configures the bq78350-R2 device PRECHG pin output polarity. If PCHG_EN = 0, then
this bit has no influence.
0 = The bq78350-R2 device configures the PRECHG as active low (default).
1 = The bq78350-R2 device configures the PRECHG as active high, requiring an external pull
up.
SLEEPCHG: CHG FET is enabled during SLEEP.
0 = CHG FET is off during SLEEP (default).
1= CHG FET remains on during SLEEP.
CHGFET: FET action on valid charge termination
0 = FET active
1 = Charging and precharging disabled, FET off (default)
CHGIN: FET action in CHARGE INHIBIT mode
0 = FET active (default)
1 = Charging and precharging disabled, FETs off
CHGSU: FET action in CHARGE SUSPEND mode
0 = FET active (default)
1 = Charging and precharging disabled, FETs off
OTFET: FET action in OVERTEMPERATURE mode
0 = No FET action for overtemperature condition (default)
1= CHG and DSG FETs will be turned off for overtemperature conditions.
KEY_EN: Enables the bq78350-R2 device to use the KEYIN pin function.
0 = The bq78350-R2 device never uses KEYIN (default).
1 = The bq78350-R2 device KEYIN is used to control the DSG FET.

PCHG_EN: This bit enables the bq78350-R2 device to use the PRECHG pin during PRECHARGE
mode.

0 = The bq78350-R2 device never uses PRECHG.
1 = The bq78350-R2 device controls PRECHG under normal charge control algorithm (default).

The Pre-Discharge:[FET ON Time] setting is included in the following data flash:

Class Subclass Name Type Min Max Default Unit
Power Pre-Discharge FET ON Time u2 0 65535 10 s

3.1.2 Command Changes for PRE-DISCHARGE Mode

3.1.2.1  ManufacturerAccess() 0x0057 ManufacturingStatus

This command returns the ManufacturingStatus() flags on ManufacturerBlockAccess() or
ManufacturerData(). A new [PDSG_TEST] bit was added here for the bq78350-R2 device.
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Added Features
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
. AFE_DD
High byte CAL_EN LT_TEST CB_TEST TEST RSVD RSVD LED_EN SAFE_EN
PDSG PCHG
Low Byte BBR_EN PF_EN LF_EN FET_EN TEST DSG_TEST | CHG_TEST TEST
PDSG_TEST: Pre-Discharge FET Test
0 = Disabled
1 = Pre-discharge FET test activated
SLUUBM6—March 2018
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3.1.2.2 ManufacturerAccess() Ox001A PRE-DSG FET

3.2

3.2.1

This command turns on/off the pre-discharge FET drive function (which uses GPIO_B) to ease testing
during manufacturing. When 0x001A is written to ManufacturerAccess() when
ManufacturingStatus()[FET_EN,PDSG_TEST] = 0, 0, then GPIO_B turns the pre-discharge function ON
and ManufacturingStatus()[PDSG_TEST] is set to 1. If 0X001A is written to ManufacturerAccess() once
again, then GPIO_B turns the pre-discharge function OFF and ManufacturingStatus()[PDSG_TEST] is
cleared to 0.

NOTE: The GPIO mode should not be used on GPIO_B while the PRE-DISCHARGE mode is used.

JEITA Charge Control

The existing bq78350-R1 device does not include JEITA charge control. This functionality is added in the
bq78350-R2 device.

NOTE: Some existing data flash addresses were modified from bq78350-R1 device to
accommodate the extra address space required for this feature.

The class name is changed from Charge Algorithm to Advanced Charge Algorithm.

Temperature Ranges

Temperature Ranges = values are changed from:
* Charge Inhibit/Suspend Low Temp

e Precharge Temp

e Charge Inhibit High Temp

* Charge Suspend High Temp

To:

e T1lTemp
e T2Temp
e T5Temp
e T6 Temp
e T3 Temp
e T4 Temp

See further details on these changes below:

3.211 T1Temp

Class Subclass Name Type Min Max Default Unit

Advanced Charging Temperature

Algorithms Ranges T1 Temp 1 -128 127 0 C

Description: T1 low temperature range lower limit

3.2.1.2 T2 Temp

Class Subclass Name Type Min Max Default Unit

Advanced Charging Temperature

Algorithms Ranges T2 Temp 11 -128 127 12 C

Description: T2 low temperature range to standard temperature range
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3.21.3 T5Temp
Class Subclass Name Type Min Max Default Unit
Adveg:nlced_ Charging Temperature T5 Temp 1 _128 127 20 oC
gorithms Ranges
Description: T5 recommended temperature range lower limit
3.214 T6Temp
Class Subclass Name Type Min Max Default Unit
Advanced Charging Temperature o
Algorithms Ranges T6 Temp 11 -128 127 25 c
Description: T6 recommended temperature range upper limit
3.2.15 T3 Temp
Class Subclass Name Type Min Max Default Unit
Advanced Charging Temperature o
Algorithms Ranges T3 Temp 11 -128 127 30 c
Description: T3 standard temperature range to high temperature range
3.21.6 T4 Temp
Class Subclass Name Type Min Max Default Unit
Advanced Charging Temperature T4 Temp 1 _128 127 55 oC
Algorithms Ranges
Description: T4 high temperature range upper limit
3.2.1.7  Hysteresis
Class Subclass Name Type Min Max Default Unit
Advanced Charging Temperature . o
Algorithms Ranges Hysteresis Temp 11 -128 127 1 C
Description: Temperature Hysteresis, applied when temperature is decreasing.
3.2.2 Fast Charging
Fast Charging — Voltage and Current is replaced with:
* Low Temp Charging — Voltage
* Low Temp Charging — Current Low
e Low Temp Charging — Current Med
e Low Temp Charging — Current High
» Standard Temp Charging — Voltage
» Standard Temp Charging — Current Low
» Standard Temp Charging — Current Med
» Standard Temp Charging — Current High
e High Temp Charging — Voltage
SLUUBM6-March 2018 Overview 7
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» High Temp Charging — Current Low
» High Temp Charging — Current Med
» High Temp Charging — Current High

* Rec Temp Charging — Voltage

 Rec Temp Charging — Current Low
 Rec Temp Charging — Current Med
* Rec Temp Charging — Current High

See further description on these changes below:

3.2.3 Low Temp Charging
3.2.3.1 Voltage
Class Subclass Name Type Min Max Default Unit
Advanced Charging Low Temp Voltage 12 0 32767 4000 mv
Algorithms Charging
Description: Low temperature range ChargingVoltage().
3.2.3.2 Current Low
Class Subclass Name Type Min Max Default Unit
Adva}&llzi?itﬁgirging Lnga'r;ei%p Current Low 12 0 32767 132 mA
Description: Low temperature range low voltage range ChargingCurrent()
3.2.3.3  Current Med
Class Subclass Name Type Min Max Default Unit
Advi‘l‘;%?itﬁgasrgi”g "é’x"ag}%p Current Med 12 0 32767 352 mA
Description: Low temperature range medium voltage range ChargingCurrent()
3.2.3.4  Current High
Class Subclass Name Type Min Max Default Unit
Ad"a:fed. Charging Low Temp Current High 12 0 32767 264 mA
gorithms Charging
Description: Low temperature range high voltage range ChargingCurrent()
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3.2.4 Standard Temp Charging
3.24.1 Voltage
Class Subclass Name Type Min Max Default Unit
Advanced_ Charging | Standard _Temp Voltage 12 0 32767 4200 mv
Algorithms Charging
Description: Standard temperature range ChargingVoltage()
3.24.2 Current Low
Class Subclass Name Type Min Max Default Unit
Advanced Charging | Standard Temp
Algorithms Charging Current Low 12 0 32767 1980 mA
Description: Standard temperature range low voltage range ChargingCurrent()
3.2.4.3 Current Med
Class Subclass Name Type Min Max Default Unit
Advanced Charging | Standard Temp | 0t pmed 12 0 32767 4004 mA
Algorithms Charging
Description: Standard temperature range medium voltage range ChargingCurrent()
3.24.4 Current High
Class Subclass Name Type Min Max Default Unit
Advanced_ Charging | Standard _Temp Current High 12 0 32767 2992 mA
Algorithms Charging
Description: Standard temperature range high voltage range ChargingCurrent()
3.25 High Temp Charging
3.25.1 Voltage
Class Subclass Name Type Min Max Default Unit
Advanced Charging High Temp
Algorithms Charging Voltage 12 0 32767 4000 mv
Description: High temperature range ChargingVoltage()
3.25.2 Current Low
Class Subclass Name Type Min Max Default Unit
Advanced Charging | High Temp Current Low 12 0 32767 1012 mA
Algorithms Charging
Description: High temperature range low voltage range ChargingCurrent()
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3.25.3 Current Med
Class Subclass Name Type Min Max Default Unit
Advanced Charging | High Temp Current Med 12 0 32767 1980 mA
Algorithms Charging
Description: High temperature range medium voltage range ChargingCurrent()
3.25.4  Current High
Class Subclass Name Type Min Max Default Unit
Ad""f&;‘r’itﬁ&asrgi”g Hci%g;?%p Current High 12 0 32767 1496 mA
Description: High temperature range high voltage range ChargingCurrent()
3.2.6 Recommended Temp Charging
3.2.6.1 Voltage
Class Subclass Name Type Min Max Default Unit
Ad"ﬂ‘l‘;%?itﬁgggmg Féehca:ge"r:‘gp Voltage 12 0 32767 4100 mv
Description: Recommended temperature range ChargingVoltage()
3.2.6.2 Current Low
Class Subclass Name Type Min Max Default Unit
Advanced Charging | Rec Temp Current Low 12 0 32767 2508 mA
Algorithms Charging
Description: Recommended temperature range low voltage range ChargingCurrent()
3.2.6.3 Current Med
Class Subclass Name Type Min Max Default Unit
Ad"m;%‘:itﬁgfgmg Rcehcag‘;g‘gp Current Med 12 0 32767 4488 mA
Description: Recommended temperature range medium voltage range ChargingCurrent()
3.2.6.4  Current High
Class Subclass Name Type Min Max Default Unit
Ad"ez‘lced. Charging | Rec Temp Current High 12 0 32767 3520 mA
gorithms Charging
Description: Recommended temperature range high voltage range ChargingCurrent()
3.2.7 Pre-Charging
Pre-Charging — Current is retained, while Start Voltage and Recovery Voltage are removed.
10 Overview SLUUBM6-March 2018
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Class Subclass Name Type Min Max Default Unit
Advanced Charging )
Algorithms Pre-Charging Current 12 0 32767 100 mA
Description: Pre-charge ChargingCurrent()
3.2.8 Maintenance Charging
Maintenance Charging — Current is added.
Class Subclass Name Type Min Max Default Unit
Advanced Charging
Algorithms MCHG Current 12 0 32767 44 mA
Description: Maintenance ChargingCurrent()
3.2.9 Voltage Range
The following dataflash are added:
» Voltage Range — Pre-charge Start Voltage
» Voltage Range — Charging Voltage Low
» Voltage Range — Charging Voltage Med
» Voltage Range — Charging Voltage High
» Voltage Range — Charging Voltage Hysteresis
3.29.1 Pre-Charge Start Voltage
Class Subclass Name Type Min Max Default Unit
Advanced Charging Pre-charge Start
Algorithms Voltage Range Voltage 12 0 32767 2500 mV
Description: Minimum cell voltage to enter PRECHARGE mode
3.2.9.2
Class Subclass Name Type Min Max Default Unit
Advanced Charging Voltage Range Charging Voltage 12 0 32767 2900 mv
Algorithms Low
Description: Pre-charge Voltage range to Charging Voltage Low range
3.2.9.3 Charging Voltage Med
Class Subclass Name Type Min Max Default Unit
Advanced Charging Charging Voltage
Algorithms Voltage Range Med 12 0 32767 3600 mV
Description: Charging Voltage Low range to Charging Voltage Med range.
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3.2.9.4  Charging Voltage High
Class Subclass Name Type Min Max Default Unit
Advanced Charging Charging Voltage
Algorithms Voltage Range High 12 0 32767 4000 mV
Description: Charging Voltage Med range to Charging Voltage High range
3.2.9.5 Charging Voltage Hysteresis
Class Subclass Name Type Min Max Default Unit
Advanced Charging Charging Voltage
Algorithms Voltage Range Hysteresis Ul 0 255 0 mV

Description: Charging Voltage Hysteresis applied when voltage is decreasing.

4 Changed and Removed Features

4.1 IPScale Feature
The IPScale feature in the existing bq78350-R1 device was optimized further in this release.

4.2 Static DF Checksum
The Static DF Checksum feature in the existing bq78350-R1 device incorrectly includes some special DF
values which can vary from device to device. This causes the checksum to return different values on
different devices even when the same srec is loaded. This feature is fixed in this release, such that
different devices will all return the same checksum when the same srec is loaded.

4.3 LPEN Functionality Modified
The existing bq78350-R1 device includes the [LPEN] feature, which causes the CHG FET to be disabled
whenever a fault is determined that would cause the DSG FET to be disabled. After a time given by
Recovery is completed OR if the load is removed (as determined by the LOAD_PRESENT signal from the
bq769x0), the CHG and DSG FETSs are turned back on.
This functionality is modified in this release to provide an additional recovery mechanism. A new data flash
control bit [DIS_AFE_TIME_RECOQV] is introduced.
If [LPEN] is set and [DIS_AFE_TIME_RECOV] is cleared, then the CHG and DSG FETSs will be turned
back on after the time given by Recovery OR when LOAD_PRESENT is cleared. This case is the same
as the existing bq78350-R1 device.
If [LPEN] is set and [DIS_AFE_TIME_RECOV] is also set, then the CHG and DSG FETs will be turned
back on only when the LOAD_PRESENT signal is detected.
If [LPEN] is cleared, then the DSG FET will be turned back on after the time given by Recovery. The
CHG FET will not have been disabled simply because the DSG FET was disabled, so will typically still be
on. This case is the same as the existing bq78350-R1 device operation.

NOTE: An important restriction: When [LPEN] is cleared, then the [DIS_AFE_TIME_RECOV]
should be cleared.
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Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

DATE REVISION NOTES
February 2018 * Initial Release
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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