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ABSTRACT
The intent of this application report is to give the user an overview of the design
process, how to use the evaluation module and software, and to provide helpful
troubleshooting techniques.

Reading the following applications reports before working with Impedance Track™
devices is advisable.

e Theory and Implementation of Impedance Track™ Battery Fuel-Gauging Algorithm

in bg20zxx Product Family (ELUA364)
» Impedance Track™ Gas Gauge for Novices (BLUA375)

» Exploring the bg20z80 Impedance Track ™Evaluation Kit (SCUA3G]))

This document begins with setting up the evaluation module and working with bqg
Evaluation Software. Several tips for troubleshooting the software connection are
included, as well as navigation and what to look for in the different configuration
screens.

Step-by-step examples of the following commands/procedures are described as
well:

* Pack Reset

¢ Clearing a Permanent Failure

e Sealing and unsealing a pack

e Updating firmware/chemistry profile
< Data logging during testing

The two comprehensive documents on the Impedance Track™ devices are the
bg20z80 Application Book (BLUA380) and bg20z80-V102 + bg29312A Chipset
Technical Reference Manual (SLUUZ41). The bg20z80 Application Book has most of
the application reports that have been written on the bq20zxx in a chronological order
of designing and testing your system. The bg20z80-V102 + bg29312A Chipset
Technical Reference Manual has all the manufacture and extended SBS commands for
interfacing with the gas gauge. Become familiar with both of these documents prior to
developing and debugging your system.

The firmware version is indicated by the —V### behind the part number. When
designing your system, use the latest firmware version and review any subsequent
changes moving forward. Any literature number referenced in this document can be
updated by adding an "A" to the SLxx### or changing an "A" to a "B" for revision 2 of
an application report.

This document pertains to all the multicell Impedance Track™ devices; at the time of
this publication, the bq20z80, bg20z90, and the bq20z70 devices are released. The
bg20z80 is the first generation of hardware, whereas the bg20z90 and bq20z70 are
second-generation hardware with the bg20z70 being a subset of the bg20z90
functionality. For example, when looking for information on the bg20z90, look in the
pg20z80 product foldel. Also, when in the product folder, look at the Application Notes
section for all the —v### firmware versions (specifically look in the -v102 product folder
for the comprehensive list of individual application notes).

Impedance Track, Track are trademarks of Texas Instruments.
Windows is a trademark of Windows Corporation.
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Getting Started with the bg20zxx Evaluation Module

Getting Started with the bg20zxx Evaluation Module

The first thing to do is load the bq Evaluation Software. This software is included with the EVM on a CD or
can be downloaded from the evaluation module product folder (not to be confused with the IC product
folder) on the Texas Instruments Web site at jyww.ti.coml. Figure 7] is a screen capture from this page with
the software link being: bgEV-Easy Setup

» Data logging utility

& what's Included

1 Compliant Gaz Gauge Enabled w/Impedance Track Tech For bg
1-Cell Lithium-Ion or Lithium-Polymer B P tion AFE (R

s USE Cable
*) Support Software
bgEV-Easy Setup (sluc071.zip, 8541 KB)
07 Jun 2007 zip

Latest Chemistry IDs Updater for EV-Easy Software (Rev. B) (sluc0&sb.zip, 650 KEB)

29 May 2007 zip
Support Software for Impedance Track Evaluation Modules (Rev. A) (sluc0g6a.zip, 8830 KB)

20 Apr 2007 zip

Figure 1. Support Documentation in Evaluation Board Product Folder on ti.com

Driver installation for the EV2300 communication box actually requires that two drivers need to be loaded
for proper operation. A good discussion of installing the USB drivers can be found in the application report
Using bgTester Singles Site Software (SLUA3SY) in the section entitled "EV2300 Driver to USB Port
Association.”

To develop familiarity with the bq20zxx EVM, let us simulate a battery stack with resistors and a power
supply. You can vary the voltage across these resistors to simulate different states of charge. This
configuration is shown in and is described in depth in the application report Exploring the
bg20z70/90 Impedance Track Evaluation Kit (SCUA394).

3
| Charger / Load | | B T
Cells, Multiple Supplies, or 1-kQ I sys | g
Resistors With One or More Supplies g‘l}ﬁggﬂlg Pack+ pres Pack- R e 8
\ | | |
l » TEXAS INSTRUMENTS % RT1 RT2 | . °
HPA155 REV. B FUSE oo oo QOO0
bq2@z9@EVM e e
[ - 80.0 mm e
g ;:: T i 1) . <1 T i s o]
o © H B H H E- .HBQ-B- ok O
O 2p 1emm § - an e e e %I:¥I : i -I_.!n"o awe O m
O 1P L A o0 0o - GND O == vss o
z® BRLY
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bq20z90EVM
Figure 2. B20z90 EVM
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2 Software Communication and Trouble Shooting
When you open the bgEVSW software program, it should automatically recognize the firmware and
hardware version. If there is a communication problem, the following screen appears ( Eigure J).
. 1
¥ TeXAS INSTRUMENTS  |oJ]  bgEVSW
bq Evaluation Software
Version 0.9.35
x|
The EV2300 connection could not be Initiated! Please dose this program and try again.
All rights reserv : Instruments Inc.
MNote: The use of thi gram iz governed by the License Agreement.
Figure 3. Error Screen When bgEVSW Software Fails to Communicate With EVM
If you press the OK button, then the software asks you to select the device you are using. If you get to this
point, however, you will not have proper communication with the EVM. If you proceed and choose one of
the devices and firmware revisions, you will eventually be able to open the software window main screen,
but it will be grayed out (see Eigure §). Take the following steps if you have communication issues:
* Do you have the EV2300 USB cable connected?
* Have you properly installed both drivers required for proper EV2300 operation?
» Did you kick start the EVM by connecting power momentarily to PACK+ and PACK- to simulate a
charger insertion?
» Are the SMB lines connected to the EVM (versus 12C or HDQ)?
» Is another instance of the software already running? (Look in Windows™ Task Manager processes.)
» Try restarting your computer if you do not see the TI USB bg80xx driver loaded under hardware.
s bgEVSW Supported Targets _]Elﬂ|
AutoDetected device: Mone Abort | EonflrmSeIectlonl
Detected unknown or unsupported target. ] J
P lect a tanget b luaat Set az Default i
ease selecl a langel (o evaluale. el az Llelaul $ T 5 INSI‘RUMEN‘[S ‘q quVSW
bg20=70 big27350 +0.07 [Dew.BaDE Wer0.07) -BADE_ D D?
bg20=75 big27350 +0.05 [Dew.BADE Ver:0.05] -BADB D 05
bo20z80 b20z50 +1.04 [Dev:800,Ver1.04] -800_1_04 i
bg20=30 big20280 +1.03 [Dev:B00.Ver:1.03) -B00_1_03 bq Evaluatlon SOftware
bg20=95 bg20z80 +1.02 (Dev: 800 Ver:1.02] - BDD 1 D2 :
bq27250 bq20280 +1.01 (Dev-B00Yer1.01] -800_1_01 Version 0.9.35
biq20z80 +1.00 (Diev: 800 ¥er 1.00) -800_1_00 Batlan: Managemant Team
bq20280 v0.98 [Dev:800,ver.0,98) -800_0_98 e
b20280 +0. 57 (Dev-800.Ver 0.97) 600_0_57 e
bg20z80 +0.96 [Dev: B00.Ver.0.96) -800_0_96 -
bq20280 +0.95 [Dev 800 Ver.0.95] -800_0_%6
big20280 +0.34 [Dev:B00.Ver:0.54) -B00_0_94
bg20280 +0.93 (Dev: 800 Ver:0.93) -800_0_93
bg20z80 0,92 Dev: 800 Ve, 0.52) -800_0_92 Al riah
bg20z80 0 31 [Dew: 800 Ver:0.91) -800_0_91 g
bq20z80 +0.90 (Dev:800,ver:0.30] -800_0_90
big20z30 +1.10 [Dev; 900 Mer1.10) -300_1_10
big20290 #1.03 [Dew: 900 Ver1.03) -500_1_03
big20230 +1.02 [Dew; 900 Ver:1.02) -900_1_02
ba20280 41,01 (Dev: 300 Ver 1,01} 500101 = |
Figure 4. bgEVSW Software Asking With Which Device You Wish to Communicate
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Exploring the Evaluation Software Screens
| Texas Instruments bg Gas Gauge Evaluation Software - bg20z80 v1.04 - [SBS lﬂn] & - i [
A4 Ele ODptions AutoCyde View Window Help =& x|
-
*i3 TExAS INSTRUMENTS REAL WoRLD Si16NAL PROCESSING
natean| [T Keep Wirite 2 word
= Logging Scanning Command
Name | value | unit |Log| Sean Name | valve [ unit [Log| Scan HName | valve | unit | Log| sean
Manufaciurer Access hex ¥ W Mox Error % M W Cell Vohtoge & m MW
Remaining Cop. Alarm mah ¥ ¥ Relative Stote of Charge w W oW Cell Vphage 3 m M
SBS Remaining Time Alorm nin F Absslute State of Charge w Mo Cell Viohoge 2 w M P
Bottery Mode hex ¥ W Remaining Cepacity mih ¥ ¥ Cell Votage 1 w ¥
AtRete ma W W Full charge Copoeity mah W W FET Cortral hex W W
AtRete Time To Full min M W Run time To Enpty win W W Sofery Alert hex W W
Data At Rete Time To Emply min W ¥ min ¥ ¥ Safety Stetus hex ¥ W
Elash At Rate OK I min ¥ W PF Alert hex ¥ P
Temperature me (Wi W ma M W PF Status hex W W
mv MW Charging Voltag my W Operation Stetus hex W W
Currerit mA M W Bettery Stotus hex W W Charging Stetus hex W W
[ Average Current ma ¥ W Cycle Count L
Flags / Status Bits
Battery Status - SCANNING Saf ety status - SCANNING
Calibrate [Coca T Tca [ mswb [ OTA | Toa [ mavh | Rca | mTA | [om T ot [ o | occ | omz | oocz | euv | POV |
[zaT [ pse | #¢ | fe | ec3 | Ecz | ect | eos | [eov [ oov | pF [wwee| wor | wom | sec | st |
Operstion Status - SCANNING Charging Stotus - SCANNING
PRES | FAs | &5 | cev | mown | iowe | msvp | meve | [Decwe fresusd eome [ woms [To-si [Tomss | Fome [Fuise |
WAKE | bse | wpss [wvser| meve (e pre| vor [ aew | [eezorr[ e Teomto [romro [ocmev ] oomer ] oc  [xonsiv]
bqEASY . R
PF stotus - SCANNING Bottery Mode - SCANNING
[_ree_PeveruT] aswp [ sceT [ soon | socc Jarer [arEc] [[Cop T ongm T am T acve Jmevn Teave | ee T oo |
[orr [ererrlererr [ am [ sote [ sote | sov | =Fw | & Tesve [T asve [Reve [asve Trove | ees | Toc |
Safety Alert - SCANNING PF ALert - SCANNS
[ orc | occ [ oxx | oesz [ ocez | pov [ Pov | [ FeF _Presei] msve [ soeT | S0 [ soc | areF | A c |
ov | PF_|Hwbe | wWbF | aoce | soc | s | [CorF Tererr | erere | am | soTe | s07¢ | sov | prIn |
FET Centrol - SCANNING
00% [[sve [ msve | reve [ &svb [ msve [ asve | asve [ eeve |
ot [esve | asvn | on Jzvo-8 | o<e | Bee | Ravb |
o% L Show Fleg: I Show Stotic beta ]
Fuel Gauge
LS Scan OFf
Communication Errar, Mo Acknowledge: VB_TZH_MACK Task Progress: 0% M:19:45PM

Figure 5. Blank Screen That Appears if bgEVSW Software Is Unable to Communicate With EVM

3 Exploring the Evaluation Software Screens

The SBS screen is first to appear by default. Notice on the left side of the screen the five sections of the
software: SBS, Data Flash, Pro, Calibration, and bqEASY.

If everything is working properly, you see a screen similar to with green/orange indicators in the
status registers. Also, Communication OK appears in the lower left corner. Click on the Keep Scanning
box at the top of the window. The software continues to update these values throughout your testing
process.

The SBS screen shows the standard SMBus information you can read from the pack when it is sealed, as
well as showing important status registers on the IC which can only be seen when the pack is unsealed or
in full access mode (no FAS or SS bit is set in Operation Status register). By default, the IC is configured
in full access mode.

Do not issue the seal command unless you are finished with the production flow and have programmed
the correct .ROM file of your golden pack. If you do seal the pack, you can issue the unseal command,
followed by the full access command. However, if you removed power to the IC, it goes back into sealed
mode and you have to repeat this process again to unseal and subsequently move to full access mode.
The only way to “reset” the IC to automatically launch in full access mode is to reload the .SENC file with
defaults.

Be aware that reloading the .SENC file erases any data flash constants or resistance updates through
cycling that you may have made.

An example of how to move from Sealed to Unsealed to Full Access mode can be found in the Tips and
Tricks section of this application report.
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Exploring the Evaluation Software Screens

Texas Instruments bg Gas Gauge Evaluation Software - bq20z80 v1.02 - [SBS Data]
4 FEle Options AuteCyde View Window Help

NAL PROCEESSING

: « P
- v I e e Click on “Keep Scanning

Name vele ||unit |Log| Scan [ | velue | unit | Log| Scan Nare | value | unit | Log| Sean

Manufacturer Access 0000 |hex W ¥ Max Errer w0 % VM W Cell Vektage 4 e L

Remaining Cap. Alarm 300 mak ¥ W Relative Stote of Charge 31 w F ¥ Cell Voktage 3 3138 mwv B M

B Remaining Time Alorm 10 min ¥ Absclute Steteof Charge 24 % M W Cell Voltage 2 3804 mv ¥ W
Battery Mode oot hex W B Remgining Capacity w0 mah W Cell Voktoge 1 ares my W W

At Rote ] ma M W Full charge Capacity 3321 mah W W FET Conttrol 0000 hex W ¥

At Rate Time To Full 85535 min W W R time To Empty 65535 min W W Safety Alert 0000 hex W

Data AtRote Time TeEmpty 65335 min b Average Tineto Empty 65535 min M W Safety Status 0000 hex W W
Flash At Bate OK i ¥ ¥ Average Time o Full 17273 min ¥ PF Alert o000 hex W W
Temperature 220 ¢ W W Charging Current 2000 ma W W PF Status pooD hex W W

Voltage 15093 mv MW Charging Voitage 300 mv MW Operation Status 8040 hex W W

Currert 2 mA ¥ W Bottery Status ooce hex W W Charging Status o200 hex W W

Pro Average Current 2 ma W ¥ Cycle Courdt o] vV W

"ths / Status Bits —Click here o move through the different programming screens.

Bottery Status - SCANNING Safety stotus - SCANNING
| [ TEA 1 = i ] =

Calibrate

1))
[4,]

bgEASY

I00%
o% L Show Flags _l Show Static bota j
Fuel Gauge |
3% | Dievice-800, Ver1.02
[communicaionak, | Note: Communication OK & firmware version ' ISBS Task Progress: 100% | Task Completed. | 01:38:13PM

Figure 6. SBS Screen With OK Communication

You can issue Manufacture Access commands from this window by clicking in the box under
Value. A warning is displayed saying that the automatic scanning must be disabled in a 2-word write
(otherwise, the software issues a command to update its SBS values before you can write the second
word).

Another option is to use the Write 2 word Command button just to the right of the Keep Scanning check
box. This sends both words immediately and avoids any issue with software scanning.

For example, this issue arises when writing the Unseal, Permanent Failure, Clear, or Full Access
commands. Examples of how to complete these processes are included in the following text.
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Exploring the Evaluation Software Screens

| Texas Instruments bq Gas Gauge Evaluation Software - bg20z80 v1.02 - [SBS Data] - il:l _)Sji
4 Fle Optiors AutnCycle View Window Help == =
" L]
# Texas INSTRUMENTS REAL WoRiLD St1oaNAL PROCESSING
aness] Bt M Keep Wirite 2 word
- Logging Soanning Commang <_
Nae Value | L:'m‘r|Log|5can[ |Nume | Valee | IJnH'|L09|5cun| ]Nc.me | Volue | Uit ‘Log‘5c1n|
Merctacrrer Access NN 24 Autornatic Scanning must be stopped before atternpting to enter manufacturer access commmands
Remaining Cap. Alarm 300 that Consns‘r of 2 consecutive waords.
Remaining Time Alarm 10 min W Abselute State of Charge 24 L " Cell Voltoge 2 3804 mv W W
Bottery Mode ooBl  hex W W Remaining Capacity 1022 méh W W Cell Voltage 1 e my W W
At Rate o ma W W Full charge Capacity 3321 mah W W FET Contrel poon hex MW
At Rate Time Te Full 65535 min W Run time To Empty 85535 min W W Safety Alert poon  hex W
Data AtRote Time ToEmpty 65335 min W Average Timeto Empty 65535 min ¥ W Safety Stotus o000 hex W
At Rate OK i ¥ W Average Time o Ful 15327 mn W W PF Alert ooon hex W W
Flash . 3
Temperature zias « ¥ W Charging Current aon0 wa B W PF Status ooon hex MW
voltage wmosz mv W W Charging Voltage wson wy W Operation Status 8B40 hex ¥
Current ma W W Bettery Status ooco hex WOV Charging Status o200 hex W W
m Average Current g mA ¥ v Cycle Count 0 ¥V ¥
Flags / Status Bits
Battery Stotus - SCANNING Safety stotus - SCANNING
Py | e EEma e el e
Operation Status - SCANNING
bqEASY
100%
o% m L Show Flags _1 Show Static Data J |
Fuel Gauge
31% Sean On Device 800, Ver-1.02

SBS Task Progresz: 100% | Task Completed 02:04:03 P |

Communication OK.

Figure 7. Location of Write 2 word Command Button on SBS Screen

3.1 Reset Example

Vary the voltage of the power supply (being careful not to exceed maximum voltages), and issue a
Manufacture Access RESET command to the bg20zxx. This SMBus Command is 00, Word 0041.

This can be done in two ways. The shortcut is to type 41 into the Manufacture Access Value on the SBS
screen. Alternatively, from the PRO screen, you can issue reset command 00, word 0041 from the Write
SMB Word and press the Write button.

You will see the Fuel Gauge reading go to 0% and then return to an estimated capacity based on the
open-circuit voltages the gas gauge expects to see.

Start Write 2 word
Refresh .
Logging Command

vV Keep
Scanning

Stop
Logging

| Value | Unit |Lag|5c:un|

|Na.me

| Value | Unit |Lag|5c:un|

|Na.me

| Value | Unit |Lag|5c:un|

Manufacturer Access
Remaining Cap. Alarm

|41

= Automnatic Scanning must be stoppad before atternpting to enter manufacturer access commmands

300 that consist of 2 consecutive words.

Remaining Time Alarm 10

a0

min ¥ F|

I Absolute State of Charge

v B |

I Cell Voltage 2

Figure 8. First Method for Sending Manufacture Access Commands

4075

w P

SLUA421A—May 2007 —Revised September 2007
Eubmit Documentation Feedbacl

Quick-Start Guide for bq20zxx Family Gas Gauges


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUA421A

” TEXAS
INSTRUMENTS

www.ti.com
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Winte SME 'wiord

SHE Command lﬁ whord [hex) ||:||:|41 Wwrite

Figure 9. Second Method for Sending Manufacture Access Commands

The Data Flash screen shows all the parameters you can change when designing your system
(Eiqure 10). To begin, load the default values stored that show the configuration of a 4s2p cell pack
configuration (four cells stacked in series, and two cells in parallel equaling eight cells total).

Review the following application reports for detailed information on configuring the Data Flash for your
particular design:

bg20zxx EVM Data Flash Settings for Number of Serial Cells and Pack Capacity (ELVAZ208) — this
gives a step-by-step tutorial on changing required Data Flash values.

Configuring the bg20z90 Dataf Flash (E8LUAZ40Y) — is a comprehensive definition resource of all the
Data Flash parameters. If you are using the bg20z70 or bq20z80,a similar application report is
available for each IC.

| Texas Instruments bg Gas Gauge Evaluation Software - bg20z80 v1.02 - [Data Flas! ants] =101 ]
& File Options | DataFlash View Window Help =18 xI
;_;‘34 Read Al NTS ReEalL WoORLD Sianal PRUE[IBIHE-
L g
o : Write All J ‘wiite All, Preserve ..
R
Write All, Preserve ... ¥ T Calibration ]
T LED Support T Power T Gas Gauging T Fia Table ]_‘
T 2nd Level Safety T Charge Caritiol T SBS Configuration T System Data ]
SBES _M'“—I | Value | Unit Name | Value | Unit Name | Value | Unit
Veltage = - PUV Recovery 12000 mv AFE OC Dsg Time OF hex
COV Threshald 4300 v Current - - AFE OC Dsg Recovery 100 mA
COV Time 2 Sec OC (1st Tier) Chg 6000 mA AFE 5C Chg Cfg 77 hex
Data COV Recovery 3900 v OC {15t Tier) Chg Time B SEC AFE 5C bsg Cfg 7 hex
Flach COV Delta 20 i OC Chyg Recovery 200 mA AFE 5C Recovery i mA
COV Temp. Hys 100 0ic OC (ist Tier) bsg 6000 i Temperature = +
POV Threshold 17500 m OC (1st Tier) bsg Time .4 SEC Over Temp Chg 550 0ic
POV Time & Sec OC Dsg Recovery 200 mA OT Chg Time 2 Sec
m POV Recovery 16000 s OC (2nd Tier) Chg 8000 mA OT Chy Becovery 500 oic
CUV Threshold 2200 v QC (2nd Tier) Chy Time 2 Sec Over Temp Dsg 600 gic
CuV Time 2 Sec OC (2nd Tier) bsg 8000 mA OT bsg Time 2 Sec
CUV Recovery 3000 m OC (2nd Tier) Dsg Time 2 Sec O7 Dsg Recovery 550 0i¢
PUV Thresheld 11006 my Current Recovery Time 8 Sec Hest Comm = =
PLIV Time 2 Sec AFE OC Dsg 12 hex Hest Watchdog Timeout t] Sec
tommunication 0k, SBS. Task Progress: ‘I.D.D°/° Task Completed. .D‘I :58:28 Fid

Figure 10. Data Flash Screen in bqEVSW Showing Default Parameters

The Pro screen allows you to communicate with the bg20zxx IC. It is on this screen that you can read
and write byte, work, and block information. Also, you can upload a new .SENC file from this screen by
following the steps in the application report Updating Firmware With the bq20zxx and EVM (GLUA334).
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"| Texas Instruments by Gas Gauge Evaluation Software - by20z80 v1.02 - [Pro (Advanced) 5 ] -0l x|
:;'.3\\ File Options FlashMemory Window Help -7 x|

-
®3 Texas INSTRUMENTS REAL WeoalLD SIBNAL PROCESSING

This zcreen is only for advanced uzerz. Some commands may cause permanent damage to the hardware. Pleasze use caution.
All Values are in Hexadecimal without the Ox prefix. Target Address |17
Send SMB Command

SME Command f@ Send ]

SBS Read SMB Ward
SME Corrnand ,ﬁ[T Head 1 Result (hex) |none.
‘wiite SMB word
Data SMEB Command |np ‘whord [hex) 1UFUU drite ]
Flash

Read SMEB Block

SME Command rﬁﬁh Read i Result (hex] ‘None_
- ‘wiite SMB Block

SMB Command Eg_ ﬁ:::]k Data 1020304 05 08 = ‘wite ]

= Heradecimal to Decimal converter and vice versa
Calibrate ;
__ Sigred o

Hexadecimal «alue {DD = {irSigned C Decimal value {DD

Srec programming =

bqEASY | i Erogram_|

00%

Fuel Gauge
31%
Communication OF. (SBS Task Progress: 100% | Task Completed. 02:34:33 PM

Figure 11. The PRO Screen Allows You to Communicate With the bq20zxx and (Re)Program the .SENC
File

The Calibration screen allows you to calibrate the gas gauge voltage, current, temperature, and offsets.
Review the Calibration of bq20zxx Using EV Software application report for specifics.

The bgEASY screen is a new feature in the bg Evaluation Software. Its purpose is to use a wizard to
program the Data Flash parameters and to choose the proper battery chemistry and the two cycle tests to
create your Golden Image. If you are just beginning with Impedance Track™ technology, this is a good
way to start.

4 Choosing the Correct Chemistry

For the Impedance Track™ algorithm to work properly, the exact chemistry of the lithium cells needs to be
known and the correct .SENC file needs to be loaded.

If you are using the bgEASY design wizard, it asks you to choose the correct chemistry from a list of
manufacturers and model numbers, or test for a compatible chemistry using a 4-point test. Note: success
of the 4-point test is contingent on an accurate voltage calibration

The most updated chemistry .SENC files can be found in the bq20z90-V110 Multiple Li-lon Chemistries
Software .ZIP link located in the bg20z90 product folder under Tools and Software (Eigure 12). (The
bg20z70 and bg20z90 devices have a similar .ZIP file.)

The process for updating the .SENC file is outlined in detail in the application report Updating Firmware
With The bg20zxx and EVM.
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£ SBS 1.1 Compliant Gas Gauge Enabled w/Impedance Track Tech - BQ20790-V110 - T1 Product Folder - Microsoft Internet Explorer

|| Bl Edt View Favorites Tools Hep

|| Q- ) - [#] 2) o | ) searth Favorites %) | (- ] - S
i Address I@j hittp: {/focus. ti.com/docs jprodifolders fprintbg 20280~ 110, himl
[ Cell Balancing Using the bg20zxx [Rev. B) (=luz3200 atm. & k8|
09 Nov 2006 Abstract
Updating Firmware With the bq20zxx and EVM (Rev. B) (slua33cb.htm, 2 K&)
07 Newv 2006 Abstract
Pack Assembly and the bg20zxx (Rev. B) [slua235z.htm, 8 KB)
07 Nov 2008 Abstract
bg20z80 EVM Data Flash Settings for Num of Serial Cells/Pack Cap (Rewv. B) (zlvaz08b.htm, &8 KB}
06 Nov 2006 Abstract

Part # Company Tool / Software Type

BQ20Z9QEVM-00L Texas Instruments Cevelopment Boards/EvMs
BQMTESTER Multi Channel Test and Program Beard EQMTESTER Texas Instruments Development Boards/EVils
Single Channel Tester BQTESTER Texas Instruments Development Boards/EvMs

bquJz"D V110 Multiple Li-Ion Chemistries Software (Rev. C) (sluc&3c.zis, 1377 KB |

May 2CC7 : J

= Related Block Diagrams
Audio Dock: Portable LI
I T B e 2
L] R intré 4

Figure 12. The .ZIP Chemistry File as Seen Under Tools and Software in bq20zxx Product Folder

Within the .ZIP file are different ID .SENC files that correspond to different Li-ion battery chemistries. The
chemistry_selection_table.xls shows corresponding .SENC files for known chemistries and
manufacturer part numbers. Note that in this illustration, a unique chemical ID indicates a different battery
chemistry being used.

E}Wm?.lp- sluch63c1]zip =0 x

A SO D eGP

| Mew Open  Favorites Add Extract  Encrypt View CheckOut  Wizard  View Style
Name | Type | Madified | size | R
| 'hq20790 v 110_ID0400, senc | SEMC File 12/11/2006 3: 13PM 107,037 =
#| hg20290_v110_ID0100_default.senc SENC File 12/11/2006 3:00 PM 07,037 =
#) bq20730_v110_IDO10L.senc SEMC File 12/11/2006 2:53 PM 107,037 =
#| bg20299_v110_ID0102.senc SEMC File 12/11/2006 3:01FM w7037 =
#] bg20230_v110_ID0103.senc SENC File 12/11/2006 3:03 PM 107,037 3
#| bg20290_v110_ID0104.senc SENC File 12/11/2006 3:04 PM 107,037 E
Q_'-i bq20z30_v110_IDO10S.senc SENC File 12112006 3:05FPM 107037 3
#| bg20290_v110_ID0106.senc SENC File 1/10/2007 10:37 &M 107037 =
!'] bg20290_v110 IDO1D7.senc SENC File F27/2007 119 PM wroI =
#]| bq20z30_v110_IDO108.5enc SENC File 5/8/2007 1:43 PM 107,037 =
#| bq20290 v110 IDO10S.senc SEMC File S/B/2007 1:44 PM 107,037 =
#]| bq20290_v110_ID0O200.senc SENC File 12/11/2006 3:05 PM 107037 =
#] bg20230_v110_IDO201.senc SENC File 12/11/2006 3:07 PM 107,037 =
!.@ bq20230_v110_IDOZ0DZ.senc SENC File 12/11/2006 3:03 PM IDFO3IF. =
#] bg20730_v110_ID0203.senc SENC File 12112006 3:09 PM 07,037 =
#] bg20290_v 110_ID0204,senc SENC File 1/22/2007 2:34 FM 107,037 =
2 bg20730_v110_IDO20S.senc SEMC File 3/27/2007 10:43 AM 107,037 =
#] bgz0z90_v110_ID0206.senc SENC File 3/27/2007 10:47 &AM 07,037 =
#| bq20230 v110 IDO207.senc SEMC File 3/25/2007 435 PM 107,037 =
#] bq20z90_v110_IDO300.senc SENC File 12/11/2006 3:11PM w7037 =
#| 20230 _v110_IDO301.senc SENC File 12/11/2006 3:12 PM 107,037 =
!."! bq20z30_v110_IDO3DZ. senc SENC File 4/16/2007 10:42 &M D7 N3F =
I?_aif_‘l'r\errn'str y_selection_table, vis Microsaft Ex... 5/8/2007 1:07 PM 15872 &
@']::hemisir,'_speciﬁc_Qmax_dis\q-.'_*.'oltages_table.!:15 Microsoft Ex.., S/8/2007 1:07PM 17520 &
<] | i3
Selected 0 fles, 0 bytes Total 24 fles, 2,338 Q0 4

Figure 13. Chemistry .ZIP Contents Located in bq20zxx Product Folder
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RE=TEY
@_] File Edit Wew JInsertt Format Tools Data DocMgr Window Help Adobe PDF - .7 X
SRWME DSHdI D ILATVE s8R -4 Al we -98
Arial 10 » B JF U SEEEHE S % WY EE !;Evi'/"ﬂvﬁ_J @J%
n=xl

AZ - # LiCoO2/graphitized carbon {default)
A AT R c _ D =
1 |Descrigtion Chemical I Known compatible cells (not exclusve)  Comment "l
LiCoO2/graphitized carbon {default) 0100 Sony US186505, Sony 18650GR, Moly
ICR-186505, Panasonic CGR-13650C
LG Chem ICR18650A2, LG Chem
ICR1865052, A&TB LGR186500U,
Samsung SDIICR18650-20, Panasonic
CGR-18650E, Sanyo 18650 JCBFK16
2 ATL 604396, Moli ICP10034508
Mixed Co/hi/Mn cathode 0101 Sony SF US18650GR GT, Sony
3| US18650 G8 (2550mAh)
4 |Mixed Co/Mn cathade D102 Sanyo-laminate
il ATL-laminate 554430, Moli ICP103450CA-
5 |LiCoO2/carbon 2 0103 02
B |Mixed Ca/Mn cathode 2 0104 Sony-laminate USB604496 K3 use |0 0108 for new designs
LiCoOZ(carben 3 0108 ATL-laminate 606168 (M42-V2), 604396
M1-V4), SDI ISR18650-26A (2600mAh)
Sanyo UF103450F, Korea Power Cell,
£ coin-cell (300mAh)
& |LiCoO2/carbon 4 0108 LG 18650 B2
9 |LiCoO2/carbon 5 0107 Sanyoe 18500 UR18500F (1700méAh)
10 |Mixed Co/Mn cathode 2 0108 Sony-laminate US604496 K3
11 |LiCoO2/carbon & (2. 75V cutoff) 0109 SDI ISR18650-26C (26500mAh)
12 |PSS, LiNIOZ with Co, Mn doping 0200 Panasonic CGR18650AF, CGR18650DA
13 |ATL LiNiOZ (Co. Mn doped)/carbon D201 ATL-laminate 6052103

14 |GP, LiNi08Ca0202 "bz02 GP 18650 L260Y
15 |PSS, LiNIOZ with Co, Mn deping 0203 Panasonic CGR18650CF
16 |NiColn/carbon 0204 Sanyo 18650 Y
1T |NiCoMn/carbon high rate 0205 Kokam PF 533438XP
18 |NiCoAl (NCA) /carbon 0206 LG 18650 S3 (2200 mAh)

18 |NiColMn/carbon 2 o207 ADT ALPBAQDZ (3430maAh)

20 |LiMn204/carbon 0300 Moli IMR26T00 j
21 |LiMn204 (Co Mi)/carbon, 4 35V 0301 LG 2 6Ah LGD B1 18650 use |0 0302 for new designs

22 |LiMn204 (Co Mi)/carbon, 4 35V 0302 LG 2 8Ah LGD B1 18650

23 |LiFePO4/carban 0400 A123 Systems 26650A
O W\sheets (shetz { s / ol | I
Ready UM

Figure 14. “chemistry_selection_table.xIs” From chemistry.zip File.

5 Creating Your Golden Image
One of the major benefits of using the Impedance Track™ technology, aside from highly accurate gas
gauging, is a simplified manufacturing process: no charge or discharge cycles are required after being
programmed with the golden image file, and the assembling of the pack (a process which can take many
hours to charge and discharge).
The different steps in design, preproduction, and production follow.

5.1 Design and Evaluation

Connect resistors and power supply to simulate battery pack.
Kick-start EVM.

Run bgEVSW software.

Explore the different features of the software.

Load the correct .SENC file corresponding to the chemistry of you

o0k wbhPRE

Install the bqEVSW software and USB drivers for the EV2300 communication box.

r battery cells.
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7. Program the necessary Data Flash constants specific to your design.

8. Now, connect real battery cells to the EVM. (Note: connect from lowest voltage 1N to highest in order
to avoid damage to the analog front-end IC.)

9. Fully charge the cells and let rest for 2 hours.
10. Start Data Logging — both SBS parameters and the .GG gas gauge files

11. Follow the steps outlined in application report Preparing Optimized Default Flash Constants for
Specific Battery Types (BLUA334). This includes the following steps which basically are:

« Enable Impedance Track™ algorithm. (See “IT Enable(0x0021)” under Manufacturer Access(0x00)
in the System Control section of the bg20z80-V102 + bq29312A Technical Reference Manual

« Discharge the pack to termination voltage and let rest for 5 hours.
* Repeat.

12. Look for updated resistances and Update Status = 06 in the final .GG file.

Now that you have a properly cycled pack with updated values, it is time to create the Golden image
file that will be programmed into every pack coming off the production line.

13. Export the .GG file and make a few changes (update status and cycle count). Specifics can be found
in the Preparing Optimized Default Flash Constants for Specific Battery Types (SLUA334) application
report.

14. Reload the .SENC file to clear out Data Flash hidden values.

15. Import your changed .GG file.

16. Now you are ready to create the .ROM file to be used to program production packs. The .ROM file is
created using the bgTester Single Site or bqMTester (multisite) tester software. See Using bqTester
Single Site Software application report (SLUA352) and bgMTester User's Guide (SLUUZ239).

6 The .GG File
The purpose of the gas gauge .GG file is to store all the programmable Data Flash parameters, as well as
the updated cell resistance profile after doing the 2-cycle tests. shows two .GG files
side-by-side. An original (default) .GG file is next to a properly cycled .GG file. Note Update Status, Qmax,
and R_a changes.
Note the following items:
1. The Update Status as changed from 0x00 to 0x06. This is what you want.
2. QMAX for the individual cells and pack has been updated. In this case, the capacity at 4400mAh was
underestimated.
3. The resistance table has been updated for each of the cells. For example, Cell0 R_a 0 is 160 (by
default) before cycling and has been updated to 139 after cycling.
12 Quick-Start Guide for bq20zxx Family Gas Gauges SLUA421A—May 2007 -Revised September 2007
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[ cyded.gg - Notepad =10 x

File Edit Format View Help

B onomalon otcped S RISIEY

File Edit Format View Help

DSG Thresh 2 = 20 a||losG Thresh 2 = 20 _:J
DSG Thresh 3 = 40 DSG Thresh 3 = 40
DSG Thresh 4 = 60 DSG Thresh 4 = 60
DSG Thresh 5 = 80 DsG Thresh 5 = 80

[Power (Power)]

Flash update OK Voltage = 7500
shutdown voltage = 5250
Shutdown Time = 10

Charger Present = 3000

Sleep Current = 10

[Power (Power)]

Flash update ok voltage = 7500
Shutdown voltage = 5250
shutdown Time = 10

Charger Present = 3000

Sleep Current = 10

Bus Low Time = 5

cal Inhibit Temp Low = 50 cal Inhibit Temp Low = 5.0
Cal Inhibit Temp High = 45.0
sleep voltage Time = §

Sleep voltage Time = 5
Sleep Current Time = 20

Sleep Current Time = 20

[IT cfg(Gas Gauging)]
Load select = 1
Load Mode = 1

[IT cfg(Gas Gaug1ng)]
Load select =

Term voltage = 9000 Term voltage = 9000

user Rate-mA = 0 User Rate-mA = 0

User Rate-mw = 0 User Rate-mw = 0

Reserve Cap-mah = 0 Reserve Cap-mAh =0

Reserve caﬁ—mwh =0 Reserve caﬁ- =0

[Current Thresholds(Gas Gauging)] [Current Thresholds(Gas Gauging)]

Iosg current Threshold = 100
Chg current Threshold = 50
Quit Current = 10

Dsg Relax Time = 1

Chg Relax Time = 60
[srate(Gas Gauging)]

Qmax Cell 0 = 440

Dsg current Threshold =
Chg Current Threshold = 50
QuUit Current = 10

Dsg Relax Time = 1

Chg Relax Time = 60
[State(Gas Gauging)]

Qmax Cell 0 = 485

Qmax CQ11 1 = 4400 qQmax cell 1 = 4845
Qmax Cell 2 = 4400 Qmax Cell 2 = 4852
Qmax Cell 3 = 4400 qQmax Cell 3 = 4800
Qmax Pack = 4400 max Pack = 4845 L
Update Status = 00 p Status = 06
Avg I Last Run = -2000 Avg I Last Run = -2001
AV? P Last Run = -3022 ? P Last Run = -3025
ta voltage = 0 ta voltage = 5
[r_a0(Rra Tab1e)] [R_a0(RrRa Table)]
cello rR_a flag = FF55 cello r_a flag = 0055
cell0 R_a 0 = 160 cell0 R_a 0 = 139
cell0 R_a 1 = 166 cell0 R_a 1 = 145
Cell0O R_a 2 = 153 Cell0 R_a 2 = 137
cell0 R_a 3 = 151 cell0 R_a 3 = 130
cell0 R_a 4 = 145 cell0 R_a 4 = 113
cell0 R_a 5 = 152 cell0 rR_a 5 = 114
cell0 R_a 6 = 176 Cell0 R_a 6 = 128
cell0 R_a 7 = 204 cell0 R_a 7 = 145
cell0 R_a 8 = 222 cell0 R_a 8 = 145
cell0 R_a 9 = 254 cell0 R_a 9 = 156
cell0 R_a 10 = 315 cell0 R_a 10 = 175
Cell0 R_a 11 = 437 cell0 R_a 11 = 221
cell0 R_a 12 = 651 Cell0 R_a 12 = 331
cell0 R_a 13 = 1001 cell0 R_a 13 = 561
cell0 R_a 14 = 1458 Cell0 R_a 14 = 1157
[R_al(ra TabTe)1 [R_ al(Ra Tab]e)]

Figure 15. .GG File Diagram

7 Data Logging

While running your charge and discharge tests, log the SBS and .GG gas gauge data. This is
accomplished in two steps. The logging of SBS data is found in the SBS screen under FILE, Start
Logging. It asks for a file to save the data.
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To save the iterations of the .GG file, go to the Data Flash screen and choose OPTIONS, Set AutoExport
Filename. A series of .GG files are created in the folder specified throughout testing. Adjust the interval of
AutoExport (every 15 minutes is usually acceptable). Finally, click on AutoExport to begin saving the .GG

files.
7| Texas Instruments bg Gas Gauge Evaluation Software - bg
& Fle Options AutoCyde View Window Help
Start Logging i ; 2y
TEXAS INSTRUMENTS
"ﬁ uteay| N : W Keep
efres o :
; = Leggin Zcanning
| gging
harme | Vilue | Limit | Lu:-gl
Manufacturer Access 0000 hex W
Remaining Cap. Alarm 300 mAR W
- Remaining Time Alarm 1 min W
Battery Mode 0081 hex W
At Rate €} ma W
At Rote Time To Full £5535 min W
Figure 16. SBS Data Logging Pulldown Menu
71 Texas Instruments bg Gas Gauge Evaluation Software - bg20z80 v
& Fie | Options DataFlash View Window Help
Set AutoExport Interval ...
% - NTS
: Ei Set AutoExport Filename, .. MENT RE
"Nl AutoExport .
5?1 = Al | Wiite All, Preserve ..,
. v Verify Writes :
| [=f Cevel 5afety T 2nd Lew
f PF Status T Calibra
[ Configuration T LED Supp
SBS e | Value I Uinit
IT Cfg = 5
Load Select 3 AL
Load Mode ] AL
Term Voliage 12000 LYy
Liser Rote-mA c A
Uiser Bote-mwW i} i
Brmemimin Mmem e dls i~ s
Figure 17. .GG File Logging Pulldown Menu
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8 Tips and Tricks

8.1 Right-Click Instant Help

Remembering all the nuances of the Data Flash parameters is impractical. However, after working with
the system for a while, many of the parameters will be remembered.

In any case, all of the Data Flash definitions are listed in the bq20zxx Technical Reference Manual.
Additionally, you can right-click on any of the parameters, and choose Help Text which links you to the
appropriate definition directly.

Texas Instruments bg Gas Gauge Fvaluation Software - bg20z80 v1.02 - [Data Flash

& File Options DataFlash View Window Help

q ? {’i TExAS INSTRUMENTS REAL WODRLD
g
s ReadAl | witedl | wite Al Preserve . |
o
|/ Tat Level 5afety T 2nd Level Safety T
f FF Statug T Calibration |
[ Configuration T LED Suppart T
SRS Mare | Value | Limit Mame
IT Cfg 4 . Current Threshelds
Load Select 3 AL Dsg Current Threshel
Load Mode o nLm Chg Current Threshol
Data Term Voltage W Gt Current
Flach User Fote-mA '-.-".'r?te Class "Gas Gaugirlug" A Dsg Relax Time
User Rote-mw  Write Subdass TT Cfg’ / Chyg Relax Time
Reserve Cop-mAh o mAh State
Reserve Cap-mih ¢] mWh Gimax Cell D

Figure 18. Finding Data Flash Definitions by Right-Clicking and Choosing Help Text

8.2 Clearing a Permanent Failure Example

At some point in the design process, you are going to test fault conditions. When that happens, a PF flag
is set. The charge and discharge FETs are opened, depending on the fault. To continue testing, you need
to reset the IC.

For example, in the Second Level Safety tab, set the SOV time to 3 seconds and SOV Threshold to 18000
mV (Eigure 19). Now, raise the voltage across the resistor divider network to 18.1 V. You will see a Safety
Alert followed by a Permanent Failure (Eigure 20).
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L
[ PF Statusz T Calibration
f Configuration T LED Suppaort
f 1zt Level Safety T 2nd Level Safety
Name | value | unit N
Violtage = = s
S0V Threshold 18000 my =
SOV Time 3 Sec T
—
Figure 19. Simulating an Overvoltage Permanent Failure
Set SOV Time to 3 seconds to simulate an overvoltage permanent failure.
Texas Instruments bg Gas Gauge Fvaluation Software - bg20z80 v1.02 - [SBS Data] -|ol %
4 Fle Options AutnCyde Mew iMndow Hslp =181 x]
? i 43 Texas INSTRUMENTS
L
Start W Keep
it . Befresh | | ogging i | Scanning
Nome: [ velue [um[mg[fmcm Nome ] value ] Uurrhug] Scan Name | walue } Um'r|Lug|5mn
Manufacturer Access 0000 hex M Max Errer w0 % M W Cell Voltage £ 2537 wv M M
femaining Cop. Alarm 00 mak W Relotive Stoteof Charge 72 % M W cell vektoge 3 2520 mv ¥
SBS Remaining Time Alarm 10 win ¥ ¥ Abschste Steteof Charge &3 % M Cell Vohage 2 435 w ¥ P
Battery Mode ocei hex W ¥ Remaining Capacity 275z man ¥ W Cell Vehage 1 200 wv VW ¥
AtRate a ma VW W Full charge Capacity 3868 mah ¥ FET Contrel o000 hex W W
At Rate Time To Full 65535 min ¥ W Run time To Empty 85535 min M W Safety Alert ooon hex ¥ W
Data AtRoteTime ToEmpty 65335 min ¥ Averoge TimetoEmply 85535 min @ @ Sofety Stetus 0140 hex W ¥
Flash AtRate OK 1 Vo Average Time to Full 22680 min W ¥ PF Alert 0000 hex M W
Temperature #ys | or Wi Charging Current ] ma ¥ W PF Status o002 hex W W
voltage @223 mv ¥ W Charging Voltage a w ¥ W Operction Stotus 8020 hex ¥ W
Current e ma W Battery Stotus 28c0 hex W W Charging Status ooog hex W W
Pro Average Current 3 ma ¥ W Cycle Courtt ] v ¥

Flags / Status Bits
Status - SCANNING
| 7o [ msve | oia | o

Calibrate

INIT | Ds6 | F¢ | f | €63 | |

Opergtien Status - SCANNING

bqEASY

o FET Control - SCANNING
i 575 | asvh |
=
= :
o | Show Flags I Show Stetic et ]
Fuel Gauge
T2% ScanOn | Dewice:800, Ver:1.02
| Communication 0K SB5 Task Progress: 100% | Task Completed 050132 PM
Figure 20. SOV Bit Set in Permanent Failure Status Register
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# TexAs INSTRUMENTS REAL WoOoRLD SisnNaL PROCE

- \

K = F
Refresh L;S;;:\g Sca_rai.ie:g Létem‘?n;c;m Al walues are in hiex without Ox prefis
Pame | Walue | Unit |Log|5c|:m Mami  SMBus Eommandﬁ
Monufocturer Access oooo hex W W Maox  Word 1 |2673 YWwiond 2 l1?“l2
Remaining Cap. Alarm 300 mah W Relat
a Remaining Time Alarm i min ¥ Abschute Stote of Chorge 63 % (Wi ¢
Bottery Mode 0081 hex M W Bemaining Capacity 2753 mah W W ¢
AtRoTe o ma W W Full charge Copacity 3868 mah V¥ W F
e e PR S ¥ = = ~ - - = - = = -
Figure 21. Clearing the Permanent Failure
To clear the Permanent Failure, write the 2 Word Command PFKey (Fiqure 21)).
8.3 Seal and Unseal Process Example
If you seal your battery pack, and later decide you need to unseal it (for example, diagnosing a field
failure), perform the following steps.
During production, change the default Unseal and Full Access Keys programmed into the IC. To read the
default Unseal and Full Access Key, review the relevant sections in the Technical Reference manual.
By maneuvering to the PRO screen and reading the SMB Block for the Unseal Key (SMB Command 60;
and the Full Access Key (SMB Command 61; Figure 23), it is seen in this particular device the
default is 0414 3672 and FFFF FFFF by default. (Note the Little Endian representation of the data.)
g ST A g ||_||_| WL S ] I|_||_|q,| | L= I
—Read SME Black
SME Command IED { Ta i Reszult [hex] 14047236
- —wiite SME Block 1
Figure 22. Default Unseal Key
 Flosh I |
Fead SMBE Block
SMEB Command ||3-| Reszult [hesx) FFFFFFFF
m —Write SMRE Rlnck !
Figure 23. Default Full Access Key
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@@ Adobe Acrobat Professional - [bq20z90_ V110 TR SLUU264_12-11-06.pdf] =) =10] x|
* Fle Edit vew Document Comments Tools Advanced Window Help =& x|
T H ST @ P | CreatePOF = || Comment & Markup ~ o Send forReview = ' Secure = ¥ Sgn+ = Forms +

Ty o setect Gayl P ® - Ul @ - @ O ! oyt |f @b~ Find: = [ 2300 { Previous. | Next

N EE e oo B.14 UnSealKey(0x60) ;}
(& Ass Manu‘.’a[;:u[a[}alatﬂxlfﬁ This read- or write-block command allows the user to change the Unseal key for the Sealed-to-Unsealed

[ wooeiree | Pages | Signawres | Bookmarks

E comments " Attachments

security-state transition. This function is only available when the bg20z80-V 110 is in the Full-Access
mode, indicated by a cleared [FAS] flag

The arder of the bytes, when entered in ManufacturerAceess, is the reverse of what 15 written to or read
= from the part. For example, if the 1st and 2nd word of the UnSeaiKey block read retums 0x1234 and
=14 B Extended SBS Commands 0x5678, then in ManufacturerAccess, 0x3412 and 0x7856 should be entered to unseal the part

K AFEData(0x45)

[ a3z authenticate{Dxar)
[ A35 Celivohages. {0x3c.

[ A36 585 Command Values

Table B-6. UnSealKey
Size in Bytes ‘ Min Value | Max Value |Defnu|l Value ‘ Unit ‘
4 |ox00000000 [oiE |- ]

FETControkDx46)

|SBS Cmd. |Mude ‘Nezma |Fommt
[oxs0 [Rew unseakey  [hex 0

StateCfHealth(Cxdf)

Related Variables:
*  SBS:OperationStatus{0x34)[FAS] -

PFStatus{ixg3)
OperationStatus(Cx34)
B.15 FullAccessKey(0x61)
This read- or write-block command allows the user to change the Full-Access secunty key for the
Unsealed-to-Full-Access security-state transition. This function is only available when the bg20290-V110 s
WhReseData(DxEe) in the Full-Access mode, indicated by a cleared [FAS] flag
2 PackVolage(Dx5a)

ChargingSt: 55)

ResetDatall

The arder of the bytes, when entered in ManufacturerAccess, is the reverse of what is written to or read

AverageVolage(lxsd) from the part For example, if the 15t and 2nd word of the FullAccessKey block read returns 0x 1234 and
UnSealkey(CxB0) 0x53678, then in ManufacturerAccess, 0x3412 and 0x7856 should be entered to put the part in full access

§ FullAccesskey(0xB1) e
PFKey(0X6Z) Table B-7. FullAccessKey
Authenkey3(CxB3) |SBS Cmdl. {Mode ]Name l Format ] Size in Bytes {Min Value ‘ Max Value [Defaul( Value | Unit ‘
Authenkey2(oxes)  — [0x61 [Rw | FulAccesskey [hex 4 |oxo0000000 [ oaf |- \

Authenkey1(0x6S)

AuthenkeyD(CxBE) Related Variables:
L Manufacturerinfol0x70) _ + SBS:OperationStatus(0x54)[FAS]
Py T | » =
o o 14 4 [ %t p Bl +] L H

Figure 24. Unseal and Full Access Key Information in Technical Reference Manual

When the IC is sealed and you connect the EV2300 and open the software, you see a screen that looks
like Figure 24. Not all the status registers are accessible and are grayed out in the window. To seal the
pack, use Manufacture Access 0x0020.

Note: Do not seal your pack until after production.
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| Texas Instruments bq Gas Gauge Evaluation Software - bg20zB0 v1.02 - [SBS Data] =10] x| i
& Fle Cptions AutoCyde Yiew Window Help @] x|

. -

\QPTEXASINSTRUME.NTS REAaAL WoeRLD S18NAL PRDCESSING
Start ¥ Keep write Z word
Refresh * &
Logging SCENnING Command

Naime | Value | L:nif|LDg‘5can Name | Volue 1 IJnH'|L09| Scan Name | Volue ‘ Unit |Log| Scan

Marufacturer Access DoD0 hex W Max Errer wo % M W Cell Vekage & 303 wv W ¥

Remaining Cap. Alarm 0 mah W Relative State of Charge e w W ¥ Cell veltoge 3 3see wv W W
- Remaining Time Alarm 10 min W Absclute State of Charge 63 x ¥ ¥ Cell vakage 2 s mv W W

Battery Mode 0081 hex W ¥ Remaining Capacity 2745 mah ¥ W Cell vokage 1 352 w W ¥

At Rate o ma M ¥ Full charge Capacity 3868 mah W W FET Corttrel hex W #

At Rate Time To Full 85535 min ¥ W Rn time To Empty 65535 min ¥ W Safety Alert hex ¥ W

Data At Rate Time Te Emphy &5535 min W ¥ Average Time to Empty 85535 min W Safety Status hex W ¥
Elah At Rate OK I Vv Average Time to Full 7507 min ¥ PF Alert hex W W

Temperoture ars x F W Charging Current spo0 ma P W PF Status hex W ¥

Voltage 5700 mv W W Charging Voltage wago wy W Operation Stetus hex

Current s ma W F Bettery Status ooco hex ¥ Charging Status hex ¥
Average Current L ma ¥ 2 Cycle Court ] ¥ ¥

Flags / Status Bits

Satety status - SCANNING
[ewm [ o [ om | e | om2] oeez [ Puv | Pov |
Lesw | gov | pF [wwoe]| woF | #oen | sec | soo |

Operation Status - SCANNING Charging Status - SCANNING

[#ees | Fas | 55 [ esv [ meve [ iomb | meve [ msve | [ xone Fresus] sone [ wmone [Toer [Toesz [ Fobe [PuLze

baEASY [wake [ pse | xese [xmssr] meve (e e1s | vok | @eEw [risorr] e [ eemTo [ FomTo [ocev [ oomer | oc  [xoreLy
9 PF status - SCANNING Bottery Mode - SCANNING

[ rer Presnud] asve | sorT [ soco | socc [ are_r [ arE o | coph | ongm | Aam [ =

| orr | oreve | crevr | com | sote | some | sov | erin |

Safety Alert - SCANNING PF ALert - SCANNING

(o [T o | oo [ occ [ omz [ ooez | puv [ Pov | [ Fes Frvseod] msve [ 5ot [ soco | socc [ are @ [ 4FE ¢ |

Low | gov | P [woe]| wor | 4o | sec | sov | L oFF [oreTr | creTe [ am [ soto | sove | sov | ern |

i FET Control - SCANNING
[Revn [ meve | esve | weve [ reve | meve | asve | wsves |

Lo [ meve | eeve | ob Jzwose| oHe | bse [ mewne |

o I | Show Flags I Show Stetic beta ]

T2% SconOn | Dewice:800, Ver:1.02

Communication Error, | SMEB teiminated: YB_T2H_UNKNOWH ESBS Task Piogress: 100% | Task Completed. 04:42.35 P |
|

Figure 25. bgEVSW Screen in Sealed Mode

In Sealed mode, the bgEVSW screen has most Status Registers grayed out (Eigure 29).
To move from SEALED to UNSEALED mode, write a 2 word Command 00 with the UNSEAL Key.

REAL WoenLD SIENAL PROCES

Enter 2-word Command E .

Refreghl §tart ¥ Eeq: All values are in hex withaut Ox preflix
= Logging Scanning minand
Lancel |

Matve [ Value | Uinit |Log[5can Mame pe b
Manefacturer Access 0000 hex ¥ W x| Word 1 ’m— Wwiord 2 &‘E
Remaining Cap. Alarm 300 mAh ¥ Relat:

- Remaining Time Alarm 2] min ¥ W Absclute State of Charge 63 % W o cell\
Bottery Mode o081 hex W ¥ Remaining Copacity 2750 mah ¥ ¥ cell\
AtRote o ma W Full charge Capacity 3868 mah ¥ FET!

Figure 26. Default Unseal Command Using Write 2-word Command

After this command is issued, all the status registers can be read. Note the SS bit (Sealed) is cleared, but
the FAS bit (Full Access) is still set. To move from Unsealed to Full Access mode, use the FullAccessKey.
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~Flags / Status Bits
Battery Status - SCANNING

Operation Staius - SCANNIMNG

PF stafus - SCAMNMIMNG

Figure 27. Operation Status Showing Unsealed Mode With Full Access FAS Bit Set

Safety shatus - SCA

Charging Status - 5¢

Battery Mode - SCA|

on Software - bqg20z80 v1.02 - [SBS Data]
Elp

REAL WORLD SIGNAL PROCE
]

J 4 EBE_!P Write 2 word All values are in hex without 08 prefis
| Scanning Command
Cancel

valhe | it |Lug| p— P StBuz Command W — ;
0000 hex W W Mo | WDrd'IIF WDrdEIF ak e
300 mAh ¥ ¥ Relati e

10 min ¥ W Absolfe State of Charge 63 O " ™ Ce
0081 hex W W Remaining Capacity 2751 mAh W W Ce

Figure 28. Write 2 Word Command to Move From Unsealed to Full Access Mode

~Flags / Status Bits
Baftery Status - SCANMNING

Crperation Status - SCAMNMNING

PF status - SCANMNING

—_F s al_ s mamak o rTe e

Figure 29. Cleared Flags/Status Bits

After issuing the FullAccess Command, note that the FAS and SS bits are cleared.
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8.4 Production Flow

is a block diagram showing the normal production flow of the bg20zxx chipset. A detailed
description of all these states is in the application report Battery Pack Production Flow with bq20zxx.

1. Program golden data- . 3. Write pack-specific
flash image file ] 2. Calibrate 1 informaticn —|
| 4. Perform any needed testing 5 Attach 7. Wait &
W such as data-flash check, — cells [ G. Reset —  minutes
electrical integrity tests, etc.
[optional, use only if step &
longer than 500 seconds)
|
4. Charge/Discharge for - .
B. EnablelT testing purposes or to 10. Seal [ 11. Ship

customer requested level
[optional)

Figure 30. Production Flow Diagram

8.5 SMBus Arbitration

Specifications on SMBus standard protocol can be found at htip://smbus.org/specs)]. Implementation of
bus arbitration is necessary for proper communication from the gas gauge to a host processor. Note that
the Tl evaluation software does not implement arbitration as it is assumed to be the only device
communicated on the SMBus during development or debug.
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Al

A.2

Important Documentation

Each gas gauge chipset has three important documents that are available in each gas gauge IC product

folder on the Tl Web site:

1. Data sheets of the gauge and the AFE that specify electrical characteristics and provide an overview of

the chipset functionality

2. Atechnical reference manual (TRM) that describes in detail the operation of firmware
3. An application book that is a compilation of all application reports supporting the chipset

Introduction to the Gas Gauge Circuit

What are the major components of a typical gas gauge circuit?

A typical two- to four-cell Li-ion gas gauge circuit using the bg20z80/bg20z90/bq20z70 chipsets consists of
three ICs, the gauge, the analog front end (AFE), and the second-level voltage protector. These ICs
control and use a pair of power MOSFETS, a current/coulomb sense resistor, and a chemical fuse to
provide gauging and protection of the two- to four-cell Li-ion battery. A block diagram of the circuit is

shown in Figure A-1|.

Smart Battery Pack Electronics

Pack+

Charge/Discharge
Chemical Fuse Power FETs

GAUGE

= protector

2~4 Series
Li-lon Cells | 2nd | evel

0oV, Ly, oc, Clock © (AFE)
and Safety

Voltage
Protection

0ocC, sc

Bq2941x

o— | Jm P | — P
Sensor Instantaneous

Voltage 12C Bus Bq29330

Bq29312A
Integrating

Flash

EPROM ADC VCell Inputs

Coulomb

Counting

Bq20z90 or bq20z70
Bq20z80

g

Pack -
(o2

1 Note: bq29330 drives N-FETs

Sense
Resistor

Independent 2d
Level Voltage

I
I
I
I
I
I
I
I
I
I
I
I
Bq2940x | 1
I
I
I
Protection :
I

I

I

I

I

I

I

Figure A-1. Block Diagram of Gas Gauge Circuit With bq20zxx Chipsets

What are the functions of each of the ICs?

The flash-based gas gauge IC bg20zxx runs the Impedance Track™ algorithm, TI's latest gas gauging
benchmark, off an ultralow power CPU. The gauge incorporates two ADCs, one for measuring
instantaneous voltage and temperature, and the other for measuring current and coulomb counting. The
AFE is a current-fault protector (hardware level) and a cell voltage multiplexer and level shifter. The AFE
provides scaled voltage signals of the battery cells for the gauge to sample and measure. The gauge also
measures current, temperature, and coulomb and processes the converted digital values to report to the
host through an SMBus. In case of over/undervoltage, overcurrent, short-circuit, and temperature
conditions, the chipset initiates protecting actions, typically including shutting off the FETs and raising
alarm flags. The gauge can even sense FET failures and whether the fuse is successfully blown when
intended. The secondary voltage protector IC provides an independent level of overvoltage protection,

which may also blow the fuse to cut current flow when triggered.
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A.2.1

Using bgEVSW to Work With Gas Gauge Chipsets

The evaluation software bgEVSW (version 0.9.35 and after) comes with a data flash help system for
device bq20z80 v1.02, bg20z70 v110, and bg20z90 v110. Access the Data Flash screen, right-click on
any data flash constant, and select Help Text from the pulldown menu. An HTML help document is
opened by the default browser. This HTML help document has the same content as section 2, Configuring
the bg20z80 Data Flash, in the bq20z80 application report (SLUA380). For bq20z70/z90 devices, see
sections 2 and 3 of bq20z70 and bq20z90 application report (SCUAZ04).

[ 1zt Level Safety T 2r
Voltage
COY Threshold
coY Time Help Text
COY Recovery Write Class "1st Level Safety’
COV belta Write Subclass "voltage"
COW Temp. Hys 100 0.1z | |[

Figure A-2. Using bgEVSW Help System With bq20z80 v1.02 Device

Where are the buttons and how do | use them on the SBS screen?

Depending on the initial configuration of the evaluation software, you may see a few convenient
pushbuttons on the SBS screen. These buttons can be enabled by select the pulldown menu View/Display
Buttons. Select the Keep Scanning checkbox if you wish to have the software scan and display the SBS
information of the gas gauge at a frequency set by pulldown menu Options/Set Scan Interval. The default
is 2 seconds and setting this value lower is meaningless because the SBS information update interval is
approximately 2 seconds. The button Write 2 word Command is useful when you wish to write a two-word
SMBus command to the gauge. The button stops any SMBus scanning and allows the keys to be sent to
the device. For example, to clear the permanent fail (Permanent Fail Clear), you need to write the
two-word PFKey with a SMBus command of 0x00.

What is Manufacturer Access (MAC)?

Manufacturer Access (MAC) is simply an alias of the SMBus command 0x00. It includes a number of
read- or write-word functions that provide battery-system level data, access to test controls, and security
features. MAC facilitates pack test development by providing system data (device type, firmware version,
chemistry ID, etc), a means of system control (power mode, seal/unseal, Impedance Track™ enable, LED
control, etc), and some extended SBS commands. The two ways to use MAC commands are:

1. In the SBS screen, as shown in the Figure A-3, a single-word MAC command can be achieved by
entering the word in the Value cell of Manufacturer Access and pressing the ENTER key. If writing a
two-word MAC command, use the Write 2 Command Word button as previously described.

‘| Texas Instruments bq Gas Gauge Eva
& File Options AutoCycle  Wiew  Window  Help

Start
Logging

‘ ™ Keep

Refresh Scanning

Marme: | Yalue | Unit
manufacturer Access | AL
Remaining Cap. Alarm 300  mah

m Remaining Time Alarm 10 mir
Battery sode 0081 hex

Figure A-3. Writing One-Word MAC Command on SBS Screen

2. On the Pro screen, fill in the command 00 and the input word in the Write SMB Word box and press
the Write button.
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m Fead SME *»ord
SME Command [gp Bead Result [hex] [Maone.

Data SMB Command lﬁ WWord [hex]

Fead SME Block

SMEB Command [75 Biead Fesuit [hex) [None:

Calibrate \wiite SME Block

SMB Command [75~ [Bhlgg]k Data 0102 0304 05 05 j
- Hexadecimal to Decimal corverter and wice versa
Hexadecimal walue [go = :Slifgf_iml i Decimal walue [

Figure A-4. Writing One-Word MAC Command in the Pro Screen

What is a GG file, and how do | read/import/export it?

GG file refers to files with a .gg extension that are used to store data flash configurations for the
Impedance Track™ family gas gauge chipset. To access the data flash, ensure that the circuit board or
EVM is powered and connected through the EV2300 box to the computer, and ensure that the gas gauge
is awake (see the following relevant information or refer to the technical reference manuals on how to
wake up the chipset from shutdown mode). On the Data Flash screen, press the Read All button to read
all data flash parameters in the gauge. To export it, select the pulldown menu File/Export to save a .gg file
to your local disk. The GG file is a text file and can be edited with Notepad or other text editors. A GG file
can be imported to a gauge IC with the same device name and firmware version. To import a GG file,
select the pulldown menu File/lmport on the Data Flash screen, find the file you want to load, and then
select Open in the dialog window; you must click on Write All to complete the import process. The Write
All, Preserve... button writes all data flash except the calibration values. More information can be found in
section 8 of the bg20z70 and bg20z90 application report (SCUAZ0J).

How do | use the bgEVSW to program/flash the gas gauge?
This is described in section 12 of bg20z70 and bq20z90 application report (SLUAZ0S).
How do | collect debug information for Tl technical support in case of a technical problem?

A gas gauge is a complicated system and debugging it requires all the information herein described to
have the best chance of discovering what occurred. When encountering a problem that you cannot
resolve,

1. Take the SBS screen shot, and save it as a BMP or PNG file
2. Read and export the Data Flash GG file

3. Save the .senc file (encrypted srec). In Pro screen, Write word 0f00 to SMB Command 00 (MAC) to
put the device in ROM mode; then select from the pulldown menu Flash Memory/Read to File... to
save the .senc file. (To exit ROM mode, reapply power to the board, or send 0x08 SMB command.)

4. If the issue is learning- or accuracy-related, the SBS data need to be logged to show the occurrence of
the issue, if possible. The SBS log interval should be set to between 2000 ms and 10,000 ms.

Send all this information collected to your Tl technical support contact.
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A.2.2

Operation of Gas Gauge Circuit

What are the first things to do when evaluating the EVM?

With a new, out-of-the box EVM, the first thing to do is to quickly familiarize yourself with the EVM User’s

Guide that comes with the package. You need to install the evaluation software, bgEVSW, which also
includes the drivers for the USB interface box, the EV2300. Then, connect the power and SMBus
according to the instructions in the User’s Guide, followed by waking up the chipset by momentarily

shorting Pack+ with 4P terminal. gives a quick reference for the setup, using bq20z90EVM as

an example.
8
| Charger / Load | o (B T
Cells, Multiple Supplies, or 1-kQ I sys | 8
Resistors With One or More Supplies g':ﬁ;gad%’ Pack+ pres Pack- B e e 3

\ | | |
l . TEXAS INSTRUMENTS % RT1 RT2 |- °
HPA155 REV. B FUSE oo oo QOO
bg2@z9@EVM e
__o 4p - 80.0 mm - 1%
0 3P T . au°“=IIII=... o'_V(.:Q. o
o L T | i -
12. Uq EIEE-]
O 2P mm oo Putae %.:;. e Lo
-g WP L Hoo GND O = s O
1N
o

bq20z90EVM
Figure A-5. External Connection Setup for Evaluating bq20z90 EVM

Once the software and hardware are ready, prepare for successful evaluation by following these steps:

1. Calibrate the CC offset and board offset, using the bqEVSW'’s Calibration screen. Optional for quick
evaluation: voltage calibration and current calibration. For Pack Voltage Calibration, connect a power

supply across Pack+ and Pack- before calibration. For more information, see the application report
Battery Pack Production Flow With bq20zxx (SLUA391)

2. Set the Non-Removable/SYS_PRES configuration appropriately because this affects how the chipset

recovers from an overcurrent safety condition. If the NR bit in DF:Operation Cfg B is not set, the
SYS_PRES terminal on the EVM must be grounded for the FETSs to be turned on, and FET safety

recovery can only be achieved by disconnecting SYS_PRES from ground and then reconnecting it to

ground. If the NR bit in DF:Operation Cfg B is set, the chipset operates in what is known as the
Non-Removable configuration. In this case, the FET recovery occurs when the overcurrent safety
conditions are cleared.

3. Enable Impedance Track™ (IT) by entering 0x0021 to Manufacturer Access (does not return any
value). shows how to do this. This sets the chipset in normal operating mode; and all
gauging/protection functions are activated.

Note: When the gas gauge is loaded with new .senc firmware, the FETs are off by default, and
cannot be turned on automatically unless both the IT is enabled and the NR bit and

Sys_Pres pin are configured correctly as previously described.

How do I turn on the charge/discharge power FETs?
See the preceding question What are the first things to do when evaluating the EVM?.
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Why are the FETs always off even with the Impedance Track™ enabled and with no safety flags
raised?

One possible reason is that NR (Non-removable) and SYS_PRES have not been configured correctly as
previously described. For example, the NR was set to Removable, and the pack went through an
overcurrent safety condition that caused both FETSs to be off. For a Removable pack to recover from an
overcurrent type of fault, even when the fault condition goes away, the pack must still be removed and
reinserted into the system. In other words, the SYS_PRES pin in the EVM must be disconnected from
ground and then reconnected to ground.

What are the differences among data flash image, gg file, senc file, and log file?

A log file records all SBS information during pack cycling and can be generated by pressing the Start
Logging button on the SBS screen. Logging options are available from the pulldown menu Options. The
relationship of data flash image, gg file, and senc file is described in Eigure A-g. The senc file contains the
encrypted programming and data flash memories. The data flash image file only contains the encrypted
data flash memories. The gg file is a text file that contains user-accessible data flash constants. Data flash
image file is used with TI's single site tester and bgMtester in production with an extension of .ROM, and
is used in bgEASY with an extension of .DFI.

User- Hidden Data Entire
accessible Flash firmware
Data Flash (encrypted) (encrypted)

\\ // II
\‘ 7
Data Flash
.GG file
SENC File
Data Flash
Image File

Figure A-6. Relationship of GG file, Data Flash Image File, and senc File.

How do | change the registers in the AFE IC?

AFE register setting is only accessible by the gas gauge IC. User-changeable AFE registers are listed in
DF:1st Level Protection as shown in Figure A-7. The three-step procedure to change these registers
follows:

1. Perform a Read All on the Data Flash screen,
2. Set desired AFE register values by entering them in the value field,
3. Reset the gauge by sending word 0x0041 to Manufacturer access (MAC)
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Figure A-7. Modifying AFE Registers

The last step is necessary because modifying these values in bhgEVSW changes the values stored in the
memory of the gas gauge IC only. On reset, the gas gauge modifies the AFE user-changeable register
settings according to the stored data in the memory during initialization.

Note: Never use SBS command AFEData (0x45) to alter AFE registers. The AFEData
command is a read-only command, and writing to it results in unpredictable behaviors.
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What is precharge? What is zero-volt charge?

0-v Charg;e Precharge

Constant Current

Constant Voltage

Battery Pack Voltage

3 ViCell
AFE _ _

i
ERECHARG;j

ICHARGE
(0.7Cto 1C

Charging Current

Taper
current

i

Safet

y Timer

(<
L |

A

\ 4

Figure A-8. Precharge and 0-V Charge

Because fast charging a Li-ion cell with a cell voltage of 3 V or less can accelerate the degradation of the
cell, a much lower charging current, usually at 1/20 C, is used to charge the battery. This is called
Precharge. Zero-volt charging and refers to the action of charging a 0-V battery or a depleted battery.
Zero-volt charge is a special case of precharge and usually refers to the situation when the battery or
PACK+ voltage is not high enough to power up the AFE. In the bq20zxx gas gauge, once the AFE is up
and running, the gas gauge IC derives power from the LDO of the AFE; and the firmware precharge
setting in the Operation Config A register immediately takes over the control from the AFE hardware

precharge setting.

When are Lifetime data collected and recorded (applies only to bq20z80 and bq20z90 devices)?

Lifetime data provide a range of usage history of the battery, such as maximum/minimum temperature and
maximum/minimum current, etc., which is convenient for troubleshooting. The gas gauge records pack
Lifetime data only after Impedance Track™ is enabled. If Impedance Track™ is enabled in the final test
before safety test, it is recommended to clear Lifetime data before the battery pack is shipped so that the
recorded Lifetime data do not include test data. Assuming Impedance Track™ is enabled before the
safety test, the steps for clearing Lifetime data are:

1. After safety test, clear Lifetime data by programming/writing default values, followed by a reset (write

0x0041 to MAC command)

2. Because the reset affects open-circuit voltage reading used by the IT algorithm, the pack should not
experience any charge/discharge within at least 35 minutes after the reset. This ensures that a
reasonably accurate open-circuit voltage reading can be taken

More information can be found in the application report Battery Pack Production Flow with bg20zxx

(ELUA39D).

Abbreviations

GG
AFE
MAC
DF

Gas gauge

Analog front end IC
Manufacturer access
Data flash

SO
TR

Impedance Track™
C
M

State of charge
Technical reference manual
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