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TI'S TOOL CHAIN




Agenda

» What is part of TI's gauge toolchain
The gauge EVM
The EV2400 I2C/HDQ/SMBus adapter

BQStudio features
— Review different BQStudio pages

How to setup and modify BQStudio features

Gauge parameter calculator (GPC) tools
— GPCCHEM

— GPCCEDV

— GPCRAO and GPCRB
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What is part of TI’s gauge toolchain

There are 3 main components to setup Tl battery gauges
« EVM or custom gauge PCB

« EV2400 to debug, log, and program the gauge

» BQStudio software to interface with the EV2400

Online tools to help optimize the gauge performance

« GPCCHEM —
* GPCRB -
+ GPCRAO é

+ GPCCEDV
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Why is TI’s gauge toolchain important?

« Minimizes the time/effort needed to take a BMS from development to
production.

 Allows a highly configurable gauge to be designed into a custom solution in an
efficient and easy to use process.
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The gauge EVM

The evaluation module (EVM) is designed for

. B ssese’Cg 7 *.'.L.t ‘

e R A A

bench testing a specific gauge’s feature set iiili “!ﬁ]-:

A0z E0EVM-5E1 [ e

« Contains common components for using the part
and for evaluation of the features

» Provides reference schematic and layout for new
designs

BQ34Z100EVM
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The EV2400 adapter

 The EV2400 is the hardware piece to interface between the
computer with BQStudio and the gauge EVM

B/

a1 ol F%%
 Features include: ellbenlfel
— Adjustable communication rate (100 KHz or 400 KHz) fspas S s
— 12C, SMBus, and HDQ support e €3
— Firmware updates for new features and upgrades o= e [:m

>

« Multiple EV2400s can be connected to the same computer with
multiple instances of BQStudio for running tests in parallel
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BQStudio features

The main functions for BQStudio
include:

« Data logging for debug and
online tools

e Golden file creation and
programming

 Calibration for current, voltage,
and temperature
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Getting from development to production Using BQStudio

BQStudio
Calibrate Rur_1
(optional) learning
cycles
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BQStudio chemistry page

Selecting the proper chemistry ID:

» Select the chemistry with the
same model number

* Program the chem ID
recommended by GPCCHEM

Update the chemistry database
and program GPCRB files

i Registers g Chemistry 2

Chemistry Programming

Program Battery Chemistry

Most Li-ion cells use LiCoO2 cathode and graphitized carbon anode, which is supported by the default firmware in the Impedance track fuel gauges.
This tool allows the fuel gauge to be set up for various alternate battery chemistries. Use this tool to load settings for any alternate chemistry if your cell
manufacturer indicates that their cells use a different chemistry than LiCoO2 cathode and graphite anode.

[Jlnclude chemistry IDs that do not support Turbo Mode 2

Manufacturer Model Chemistry ID Description 2
[Z] 360FLY PR-693231 (815mAh) 1318 LiCo02/carbon 11

[Fai23 26650M1B (2300mAh) 0434 LiFePO4d/carbon

E,M 23 AMNR26650M1-B Consult Tl before ... 0453 LiFePOd/carbon

[Fai23 Systems AMNR26630M1-B (2500mAh) 0465 LiFePO4/carbon

[Z AR Portable Power LFP-18630-1500 (1500 mAh) 0439 LiFePOd/carbon

[Z] Acebel ECFV1260 (50Ah) 0807 Lead Acid

EAdvanced Electronics Energy AE18650C-26 (2600mah) 2151 MiCoMn/carbon

[ aEsc 295B3-3NKOB (16300mAh) 1354 LiCoO2/carbon 11

[Faesc 205B3-ANMNOA (10425mih) 1561 LiCo02/carbon 11

[ aisipu 3872C8 (3100mAh) 1335 LiCoO2/carbon 11

[Eaisipu 723292 (3080mA) 1363 LiCo02/carbon 11

[ aisipu 836360 (4730mAh) 3636 LiMn204 (Co,Mi)/carbon, 4.35V

[EaLE 045062 (2300 mAh) 1254 LiNiCoMnO2/5GenMo1, 4.2V

[ZaLE ALEDT3470 (1700mAh) 2047 MiCoMn/carbon >
—

Program Selected Chemistry

Chemistry Version : 975 Check for a newer chemistry update on ti.com

Program from GPCRE file...
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Data memory plugin

Allows device to be easily
configured without needing
to write complex commands
to the gauge

View/write individual bits
within registers

© Registers ™ Data Memory &

Data Memory

Read/Write Data Memory Contents

Calibration Name
[ setngs | Charging Configuration
FET Options.
Smces oo oot Sbs Gauging Configuration
Power Sbs Configuration
Auth Config
LED Support Power Config
System Data 10 Config
LED Corfiguration
SBS Configuration Temperature Enable
Temperature Mode
Lietimes DA Configuration
s SOC Flag Config A
SOC Flag Config B
Permanent Fail Balancing Configuration
T Gauging Confguration
PF Status T Gougng Ext
Black Box ~ Fuse
PF Fuse A
Gas Gauging PF Fuse B
PF Fuse C
T
Faimie PF Fuse D
Min Blow Fuse Voltage
Fuse Blow Timeout
Init Discharge Set
Intt Charge Set
~ SMBus
Address
Address Check

Protection Configuration
Enabled Protections A
Enabled Protections B
Enabled Protections C

Value

Physical Stat

Ox4a0a
0x4887
0x4888
0x4889
0x488a
0x488b
0x483d
0x48b4
OxdaTd
OxdaTc
Oxda7d
0x48ed
0Ox48ef
0x4908
0x4917
0x491b

0x4880
0x4881
0x4882
0x4883
0x4884
0x4886

0x483e
0x4890

0x4892
0x4893

0x4937
0x4938
0x4939
0x493a
0x493b

0x49bF
vAaen

Filter/Search

Data Length

L P S B N YR

LI BRI

]

. =
Export ~ Import © Wit Al Read All

Row Number Row Offset Native Units A
80 10 hex
68 7 hex
68 8 hex
68 9 hex
68 10 hex
68 il hex
68 13 hex
69 20 hex
83 27 hex
83 2 hex
8 2 hex
bal 13 hex
n 15 hex
2 8 hex
72 2 hex
2 27 hex
68 0 hex
68 1 hex
] 2 hex
68 3 hex
68 4 mv
68 3 s
68 " mah
68 16 mah
68 8 -
68 19 =
3 23 hex
n k2 hex
n 2 hex
B % hex
n 27 hex
7 3 hex
™ n hev

DA Configuration

Bit7 Bite

Bit 4

#+ Write to Data Memory

Bit 3

Bit 2

Bit 1

Bit0
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BQStudio calibration page (optional)

» Simplified calibration for gauge
ADCs

 Calibrate the voltage, current
and temperature

» Average multiple calibration
results for golden file creation

i Registers [l Calibration 2

Advanced Calibration

Perform Calibration
Select the types of calibration to peform and enter the actual input parameters in the corresponding boxes

Current Calibration Temperature calibration
Applied Current Sensor  Applied temperature Calibrate

External 1 l:l deg C [

Voltage calibration
Applied Cell 1 Voltage

l:l my [ Calibrate Voltage

Calibrate Gas Gauge

BQ27Z561 calibration page
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BQStudio programming and file export

=

—
' Registers | ™ Data Memory Golden Image &2

» Golden image creation and —
p rog ramm | ng T T s

This plug-in will allow you to export image files.
It will read the data memaory contents of the connected gauge and save it to your hard drive in various formats.

Output Location

Output Directory | Cihtivbgstudiosiver_1.3.113\BatteryManagement5tudio' OutputFiles | Browse

° FIaSh Stream or SREC forma‘t Base File Name [1561.2.02-bq272361R2 | Open Directory

Output Formats
SREC File (.srec) 1561_2_02-bq27z561R2.srec

BOFS File (fs) 1561_2_02-bq27z561R2.bq.fs Options
° App“ca‘“on note SLUASO]_ for 7] DFFS File (.f2) 1561_2_02-bg272561R2. i fs Options
[ GMFS File (.fs) 1561_2_02-bg272561R2.gm.fs Options

guide on programming Flash
Stream

o Create Image Files

Example with BQ27Z2561-R2

Note: some gauges only have
programming tab
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How to setup and modify BQStudio

Preferences page allows many modifications
to the GUI

» Data logging speed
« Communication frequency

type filter text
All Global Settings

Alt 12C Device Address

Charger

Chg Data Graph
Data Graph
Data Memory

ECC Authentication

FTDI Interface
GPC Cycle
Help

Menitoring Settings

One Controller
Registers

All Global Settings - v
Set your Global Preferences here

Battery Management Studio (bgStudio) View Type

() Show Basic Views

(® Show Advanced Views
Auto Detect at Launch Enabled ~
EV2400 12C Clock Speed | Low Speed (100KHz) ~
EV2400 SMB Clock Speed | Low Speed (100KHz) ~

Restore Defaults Apply

BQStudio preferences page
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How to setup and modify BQStudio

» Logging period and separator can

be changed

» To start logging click the “start
log” button in register tab

» To auto export GG files while

logging click auto export in data

memory

h Preferences

type filter text

All Global Settings

Alt 12C Device Address

Charger
Chg Data Graph
Data Graph
v Data Memory
Font
Import

ECC Authentication

FTD! Interface
GPC Cycle
Golden Image
Help

v Monitoring Settings
Color Preferences

One Controller
v Registers
Font

o' Registers ™ Data Memory &2

Data Memory

Read/Write Data Memory Contents

Filter/Search

- - - -
Auto Export Hex Dump Export

-
Import

=15

e =

" Write All Read All

a X
Registers =l vwv
Register Preference Page
Scan/Log Interval (milliseconds) | 1000 —
Log File Separator . ,
0 Display Static Data (Needs restart of Register View)
[J Do not grey out RSVD bits : show actual state
Date Format during Log YYYY-MM-DD v
Time Format during Log HH:MM:SS v
Elapsed Time Format during Log | 5.555 ~
o~ Registers 3 = d
Registers ﬂ w0 =
Start Log Scan Refresh
Registers
Name Value Units Log Scan [~
/ Manufacturer Access 0x0002 hex 3 2
i 2 o

Choose what to log or scan

Average Current
Average Power
Relative State of Charoe

0 mA 3 2
0 oW 3 ~
0 % 3 ~ h
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Gauge parameter calculator (GPC) - GPCCHEM

» Find the best fitting chemistry ID for your

battery by submitting a relax-discharge-Relax £510° . 1 5<10°
(RDR) CyC|e Jﬂm:—”: b 10
* Not needed if the exact model is available in N l,
the chemistry ID database t
[ ! Time (hrk ! N
« « = \foltage
* Helps identify the best fitting ROM gauge Caren
version Example GPCCHEM data

15
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Gauge parameter calculator (GPC) - GPCCEDV

» Used to find the CEDV algorithm temperature
and load optimized coefficients for end
discharge voltage (EDV) points

« Data submitted should be the average
maximum and average typical current from the

end application 222 Example ConfignaFie |
- EDV1 and EDV2 should be within the
FItMaxSOC% and FItMInSOC% ranges Fiomsociets
— LearnSOC% should be same as battery low % LearnsoCi=1
GPCCEDYV config file

16
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Gauge parameter calculator (GPC) tools

GPCRAO

» Optimize the gauge with the Qmax, Ra table, and temperature coefficients

« Same process the gauge does during the learning cycle in an online tool format
» Can be used in place of a learning cycle if needed

GPCRB

» Cold temperature optimization for Impedance Track gauges
 Allows for more accurate gauging at temperatures below 0 °C
» High discharges in low temperature most common issue

17
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Summary

What is the Tl gauge toolchain?
- EVM

« EV2400

« BQStudio

* Online tools

What is it purpose

» Provides a streamlined process to help designs go from development to
production as efficiently as possible

18
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Questions?

19
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Resources

« BOStudio download page
BO40Z50EVM example
EV2400 home page
GPCCHEM

GPCCEDV

GPCRAO

GPCRB

20
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https://www.ti.com/tool/BQSTUDIO
https://www.ti.com/tool/BQ40Z50EVM-561
https://www.ti.com/tool/EV2400
https://www.ti.com/tool/GPCCHEM
https://www.ti.com/tool/GPCCEDV
https://www.ti.com/tool/GPCRA0
https://www.ti.com/tool/GPCRB

BQStudio programming and file export

* Programming page allows
SREC or Flash Stream to be
uploaded to the gauge

* Ensure power is good and no
interruptions during
programming

» Use dropdown to select file

i Registers | &} Programming 2
Programming
Perform Programming

This plug-in will allow you to program image files to a device.

Select Programmable File

|| ~ Browse...

Program

BQ27Z561 programming page

format

File name: |

w Srec Files(*.srec)

Bqfs Files(*.bq.fs)

Dffs Files(*.df.fs)

Gmfs Files(*.gm.fs)
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PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.
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resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
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