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ABSTRACT

Texas Instruments advanced fuel gauges, that employ the Impedance Track™
algorithm, offer an unmatched array of features and benefits. Sometimes the multiple
configuration settings can make it challenging to begin the evaluation process. In
addition, determining the correct chemistry model and producing the final golden image
file can be time consuming. The bgEASY software is designed to simplify the process
of configuring, calibrating, selecting chemistry, and performing charge-discharge
learning cycles using the step-by-step procedural interface. bg27501 is a complex gas
gauge that support two types of battery cells of different chemistry and capacity. This
application report discusses the step by step use of bgEASY software for configuring

bg27501.
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Introduction

Evaluating the complex configuration options of the Texas Instruments advanced fuel gauges can be
simplified by using the bgEASY program. The bqEASY software procedure provides detailed
configuration, calibrating, and chemistry selection instructions, and works within the Evaluation Software
(EVSW). The discharge portion of the chemistry and learning cycles can be performed automatically with
the use of a simple additional circuit connected between the target device or Evaluation Module (EVM)
and the EV2300. When the automated process complete, a final golden image is generated that can be
used in production application programming for all devices.

Software Installation

Software installation requires that the latest EV software be installed from the TI Website in the EVM tool
folder for the part. bg27501 uses the same EVSW as for bg27500. In this document, the bg275xx EVM
tool folder is referenced.

To install the software:

1. Ensure that the EV2300 is NOT connected to the computer prior to installation of software.

2. Go to the Tl internet and get the latest EV software if not already done so. As described above, this
can be found on the Tl internet in the EVM tool folder Support Software section for the part being used.
As an example, go to the bgq27500 EVM folder Support Software section.

3. Install this EV software using the installer screen-displayed instructions. For additional assistance with
EV Software installation, see the Quick Start Guide for bq2750x Family Gas Gauge (GLUAZ4g). This
document can also be found in the EVM tool folder for the product being used.

4. Once the EV software is installed, verify its functionality by setting up the EV2300 and a known
bg27501 module. Ensure that the computer, EV2300, and bg27501 module all are operating normally
and that communication to the module is functioning. For additional assistance help, refer to Quick
Start Guide for bq2750x Family Gas Gauge (GLUAZ49).

5. Because chemistry file are added to the device internet EVM tool folder often, check the internet page
for updates. A self-extracting installer is available for updating the chemistry file. Install these updates if
they exist in the internet folder.

6. Start the Gas Gauge Evaluation Software using the menu commands start -~ Programs - Texas
Instruments - bq Evaluation Software.

7. To access the bgEASY procedures, click the bgEASY button in the left column (below Calibrate) - (

Fiqure T)
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Figure 1. bgEASY in EV Software

3 Program Navigation and Flowchart

The operation sequence of bgEASY can be understood by reviewing the basic flowchart in Figure 2. Start
a new project and follow the procedure steps. Use the Next button, or click the top dialog tabs and left
subsection labels to move among the bgEASY dialogs. Some operations must be completed in sequence
because of data dependencies, or to implement the required steps. Tl recommends following the
prescribed sequence, initially.
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Figure 2. bgEASY Process Flowchart

Configuration Procedures
These configuration procedures can be used to set up the parameters without navigating through the

entire user interface.

» Gas Gauge configuration using default or custom data
» Calibrate the EVM
» Chemistry data installation using available bgEASY chemistries

bg27501 supports two different type of battery cells. These two types of cells can be different in chemistry

or different in capacity or both. This feature requires extra steps when setting up bg27501.
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4.1 To configure the Gas Gauge using default or custom data:

1. Startthe EVSW (start » Programs - Texas Instruments — bg Evaluation Software) and click the
bqEASY button in the left column (below Calibrate ) in the user interface

ruments by Gas Ga 1o x|

EAL (- 0c
| AP TeExas INSTRUMENTS ‘ o o ) o
1. Setup 2, Configure 3. Calibrate 4. Chemistry 5. Cycle

da
#

g
-
ok
Impedance Track 1A. Project Name
Configuration Wizard !
050107119 Communieation Status O
Data
Flash 1A, Project Name M
18, Load .DFI File vl
Please enter a name for thig new project,
Or, open an existing project B
0 sak| Hen @
Communication O, GBS Task Progress: 100% | Task Completed 01:43.08 PM
Figure 3. bqEASY Project Set Up
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2. Click the 2. Configure dialog tab at the top of bgEASY tabs. In step 2A, there are two columns of
blanks need to be filled. Each represents one type of cell that will be identified as Pack A or pack B as

shown in Eigure 4.

Impedarice Track
DataRAM Configuration Wizard
08010119 Communieation Status O

Data

Flash 24. cell Characteristics

I2C Pro
Calibrate

2E. Load Characteristics

2F. application Canfiguraton
bqEASY

2G. Remaining Capacity
Method

2B, Charge Parameters
2C. Discharge Paramsters

2D, Reserve Capacity

2ZH, Miscellaneous
Information

et ©

Communication OK.

SIGNAL

1. Setup 2. Configure 3, Calibrate 4, Chemistry 5. Cycle

g 2A. Cell Characteristics

PACK A PACK B

How many cells in parallel does the [i 1

battery have?

What is the nominal capacity of 1000 1 mah
each individual cell?

Frorm the cell data sheet (not your 3000 1 iy
system requirement), what is the
minimum rated cell voltage?

o |

5B5 Task Progress: 100% | Task Completed. 01:42:13 PM

Figure 4. bgEASY Cell Characteristics

3. Answer all questions or leave defaults for the 2. Configure dialog tab. Be sure to click OK at the
bottom of each 2. Configure dialog to ensure that a completion checkmark displays for each page.
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4. On page 2H, there are two different resistor values are assigned to Pack A and Pack B to represent

two different Resistor IDs. It is recommended to use resistor with resistance 500Q and 8000Q,
respectively, for different battery pack so that the bg27501 can clearly differentiate different type of
cells (Figure §). When click the OK button, the software asks if the user wants to write the information
to the data flash memory. Click Yes to write the information to the data flash.

The Gas Gauge module now has the data flash configured with the information entered in 2.
Configure bgEASY dialogs.

#B Texas INSTRUMENTS S$IGNAL PROC

X3 TEXAS INSTRUMENTS
. Setup

Impedance Track & 2H. Miscellaneous
DataRAM Configuration Wizard ﬁ Information

2. Configure 3. Calibrate 4. Chemistry 5. Cycle

0801 0113 Communication Status OK

Data
Flash 28, Call Characteristics What I the value of the current sense T me

resistor?

2B. Charge Parameters
I2C Pro : ; !
2C. Discharge Parameters Select thermistor configuration:  [Extemal Themistor -

2D, Reserve Capacity

What is the value of Resistor ID A7 S0 G
2E. Load Characteristics (bg27501 Only)
2F. Application Configuraten
bqEASY
‘What is the value of Resistor ID B? Boo0 G2
2G. Remaining Capacity (bg27501 Only)
Method

2H. Miscellaneous
Information

lé (Deeck| new () i‘

Communication OK. SBS Task Progress: 100% | Task Completed 01:55:50 PM

Figure 5. bgEASY Resistor ID

4.2 To Calibrate the EVM:
1. Start the EVSW (start — Programs — Texas Instruments — bg Evaluation Software) and click the
bqEASY button in the left column (below Calibrate) in the user interface
2. Click the 2. Configure dialog tab at the top of bgEASY tabs.
3. The actual calibration is under Calibrate dialog. Go to Calibrate dialog by click the Calibrate button
on the left-hand column above bqEASY.
4. Complete the calibration by following the steps in Going to Production with the bq2750x (SLUAZ49)
5. Go back to bqEASY dialog and click OK all the way from step 3A to step 3F. Make sure all the steps
are checked.
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4.3 To install chemistry data using available bqEASY chemistries:

1. Startthe EVSW (start » Programs - Texas Instruments — bg Evaluation Software) and click the
bqEASY button in the left column (below Calibrate ) in the user interface.
2. Click the 4. Chemistry dialog tab at the top row of bqEASY tabs
3. Select Use Default Chemistry, or click Enable Chemistry Selection and select the correct chemistry
from the list. To support bg27501, bgEASY has the option to assign chemistry profile to Pack A or
Pack B (Eigure 6). Correct chemistry profile has to be loaded for Pack A or Pack B separately by
selecting profile A or profile B.
4. If the proper chemistry is not found, check the device EVM tool folder on the Tl internet site for any
new Chemistry file updates as described in the Software Installation section.
The software configures all data flash locations on the Gas Gauge Module that deal with chemistry
functions. No other data flash locations are modified.
| TexasIn =loix|
% =181 x|
l’{) XAS INSTRUMENTS | SIGNAL PROCESSING
Z B
1. Setup 2. configure 3. calbrate 4. Chemistry 5. Cycle
WAR ,‘.:f G sure Calibrate screer - CLOSED
Confauratian Wiskrd ;‘,,Ba'nﬁ;'ﬁft —
0501 0118 Communicat ticr Status OK
ID- Desclmtml:\ | Known Cels -]
Flash 44, Use Default Cheriistry? | 01| Mixed Co/Mn cathods Sanvalaminate
0103 LiCo02/Carbion 2 e |
4B. Select Chemistry ﬁ Mired Co/Mn cathode Somelaminate LISE044596 K3
Manually ATL:laminate 606168 (M422)
m ATL:laminate 604396 (M1-v4]
0105| LiCo02/carbon 3 SamsungICR18650-264
N 1= 22,":5 Pu;ulgrjézﬁ!pcmmeu {300mAh)
| M06] LiCaD2/carbon 4 LG:18650 B2
m i Sanye 18500 LR 18500F (1700mh
Sanpo. UF 5534502 .
Sango UR 18650 FJ (2200 méh)
Sarpa: UA 19650 FK
0107| LiCon2/zamhon 5 e )
Sanya: UF B350 5 (1200 maF]
ATL: 47665 (2548 méh)
ATL: 466371 - K36 (2315 mbh)
. Sanpo. IFSE3450CF (1170 médh)
| 0108] Mixed Co/Mn cathode 2 Sorwlaminate USE04496 K3
5 amsung ISR 18650-26C (2650 mbh]
-~ 0109] LiCa02/caban & (2.75V cutoff] fg"fég”g“zaigu”“c”fﬁ%‘a i3
‘B 7 _ - Samm I 2 |l
% :J e hfi?;ﬁ\eA © Profile B  Both :‘UPMEEHEWU il
F:fl :auql
99%
Commurication 0K, SBS Task Progress: 100%  Task Completed. 02:50:05 PM
Figure 6. bgEASY Chemistry Selection
5 Files

bgEASY uses four types of files to configure a fuel gauge.

1.

* ENCR (Data Flash Files) — default data-flash definition files found in the...\bq_Evaluation_Software
folder. A ENCR file is a copy of the entire data-flash from a fresh Gas Gauge prior to any data-flash
updates by the user or the Gas Gauge. These files are unique for every version of each Tl fuel gauge
product. If working with a newer version fuel gauge and an older version of the EVSW with bgEASY,
the correct file may not be present in the software. This requires a new version of the EVSW with
bgEASY. Navigate to the Tl internet in the EVM tool folder for the device being used, and download
the latest version, or contact Tl. For bgEASY, the ENCR files act as a dictionary to look up the address
for a given data-flash location. For EVSW, the define window display parameters including address,
display formulas and data type. An error message will appear if the correct .ENCR file cannot be
found.
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2. *.CHEM (Chemistry Files) — read-only files found in the...\bq_Evaluation_Software\Plugins\Chemistry

folder. When a new Li-lon battery chemistry is developed, a new Impedance Track model is required to
define the chemical model. During automated chemistry selection, each of these files is scanned in
order to select the best match with the recorded data. If working with a newly developed chemistry, it is
possible that an acceptable match will not be found. If this is the case, check for updated bgEASY
software or Chemistry files on the Tl internet in the EVM tool folder for the part being used.

.DFI (Data-Flash Image Files) — binary images of the fuel gauge data-flash with modified values
based on the application. Because of the binary format, it is quick and easy to transfer them to and
from a gauge. Each fuel gauge model and firmware version has a unique read-only .DFI which is found
in the...\bg_Evaluation_Software\Plugins\Device_Defaults folder of the application. During the bqEASY
process, intermediate versions of .DFI files are recorded with current updated data in order to prevent
data corruption. The final output of bqEASY is a .DFlI file which is the called golden image and used to
program production unit. This output file will be placed in the...\bg_Evaluation
_Software\Plugins\Projects folder.

*EZY (bqEASY Project Files) — read/write text files which record header information regarding a
project, answers to the wizard questions, and status regarding the stage of completion (the red check
marks). They are kept in the...\bq_Evaluation_Software\Plugins\Projects folder.

6 Completion Checkmarks

As the bgEASY questions and tasks are completed, completion checkmarks appear in two places — along
the task list on the left and on the top dialog tabs. A checkmark on a top dialog tab displays only after all
category tasks are completed. For example, in Figure 7, all of the Setup tasks and Configure tasks are
completed.

Completion marks are saved in the *.EZY bgEASY project text file. When a completed or
partially-completed project file is opened, the user is given the option to erase the checkmarks.

| Texas Instruments bq Gas Gauge Evaluation Software - bg27500 ¥1.02 - [baEasy]

% Fle Window Help

'.;g?g

=R

# TEXAS INSTRUMENTS REAL WBRLD SITONAL PROCESSING

QD Texas INSTRUMENTS g
1. Setup
Impedance Track q ; i

The final step is to update the golden pack and
store the golden .DFI file. This will take a few
seconds.

=]
3. Calibrate: 4. Chemistry 5. Cycle

2. Configure

5B. Update Golden
Pack

Data
Flash
 12C ro

Configuration Wizard

0500 0102 Communication Status DK

SA, Learning Cycle

5B. Update Golden Pack

100% {
%

Fuel Gauge

Communication OK.

() Back| Mew ©

i

Task Progress: 0%

02:2510 PH

Figure 7. Completion Checks for Categories (tabs) and Tasks (above “Back/Next” buttons)
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Device Detection

The bgEASY is designed to work with a fuel gauge present and already communicating with the
Evaluation Software (EVSW) through the EV2300 USB interface. When the Evaluation software is started,
it reads the device type and displays it on the upper title block. This information is used by bgEASY to
select the correct default data-flash image (*.DFI) and data-flash configuration file (*.ENCR) for this
particular device. To ensure that the device has not changed, bgEASY also checks the device type each
time the users click the bgEASY button. If the correct files are not found, first check the Tl internet in the
EVM tool folder for the part being used, and download the latest version of EVSW with bgEASY support. If
that does not help, then contact TI.

The major procedure areas in bgEASY are:
1. Setup

Step 1A allows the user to open an existing project file or start a new project. A new project is given
a project file with the *.EZY extension.

Step 1B optionally loads the default data-flash image for the detected device. If starting from a
known new device, this step can be skipped.

2. Configure

A sequence of dialogs used to collect information about the battery pack application that enable
automatic configuration of the most critical data-flash parameters.

3. Calibrate

To proceed with automatic chemistry selection or golden image learning cycles, the Impedance
Track fuel gauge must be accurately calibrated. The bgEASY dialogs ask the user to use the
calibration window of the bgEVSW for this purpose.

With the Impedance Track™ devices, most calibration routines have been incorporated into
firmware algorithms, which can be initiated with communication commands. The hardware
necessary for calibration is simple. One current source, one voltage source, and one temperature
sensor are required. The source stability is important, the accuracy is a secondary concern.

However, accurately calibrated reference measurement equipment should be used for determining
the actual arguments to the function. For periodic voltage measurement, a digital voltmeter with
better than a 1-mV accuracy is required. The recommended strategy for bq27501 calibration is to
perform the calibration using 20 to 30 final application systems containing the bg27501 IC. All the
calibration flash values are to be recorded and averaged among the 20 to 30 samples. The average
values are used when creating the DFI file needed for production.

At time of calibration, access is required to the communication pins, both ends of the sense
resistor, and battery power. The calibration process has to be completed in EVSW Calibrate dialog.
The calibration consists of performing Coulomb Counter Offset Calibration, Voltage Calibration,
Temperature Calibration, Pack Current Calibration and CC Board Offset Calibration one at a time.
The EVSW is used to perform all calibration is shown in Figure g. Each calibration has to be
completed separately.

After the calibration is completed, click the close window control X in the upper right corner of the
calibration window to close it.

CAUTION

The Calibration window must be closed after the calibration completed.
Otherwise, it interferences with the bqEASY learning cycle.
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Task Progress: 0% 01:40:16 PM

4. Chemistry

Figure 8. EVSW Calibration Screen

The choices presented in 4B Chemistry are based on files in the \Chemistry folder of the bgEASY
application. The latest files are available for downloading from the Texas Instruments Internet site
Automation of the chemistry-selection cycle is made possible using a simple load and switch as
depicted in Figure 9. The switch can be implemented with either a low VGS-threshold FET or a small
relay such as the OMICRON G6RN-1 with a 5-VDC coil. Multiple 2N7000 FETs can be paralleled if
nothing else is available. The load can be either a power resistor or an electronic load set to a
discharge rate of C/5.

Hint: Follow the bqEASY dialog instructions exactly to prevent errors.

EV2300
HCO) connector

YOUT

Gho

100K

Electronic Load aor

Resistor ~ /5 EVM
i Load #
| oad -

Use N-CH FET with low Ygs or small 5¥coll relay
such as OMRON GBRMN-1

Figure 9. Example Load
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5. Cycle

When preparing for mass production, cell learning is required, but only on one golden pack. The
chemical information learned from one pack will be transferred to all production units, prior to
calibration. Doing this correctly requires a series of charge and discharge cycles. The discharge part
can be automated with bgEASY if the simple load circuit for the chemistry selection is available. Follow
the bgEASY dialog instruction as shown in Eigure 10. The bgEASY provides two ways to complete the

learning cycle.

The first method is to use bgEASY semi-automatically to complete learning cycle. This includes:

e Auto-discharge the cell and auto-relax
e Manual initialize the Impedance Track
* Manual charge the cell to full and manual wait
« Auto-discharge to empty and auto-wait

Another way to complete the cycle is to complete above step 1 to 4 manually. This method does
not involve a constant voltage check by bgEASY and can be used with datalogging without any

interference.

During the learning cycle, both Pack A and Pack B will be learned. When pack is inserted, the
bg27501 detects the Resistor ID and select the proper chemistry profile for learning. The learned
Qmax and Resistance will be updated in the proper data flash location based on Resistor ID detected.
After both Pack A and pack B learning are completed, a golden image file can be generated in

bgEASY step 5B

| Texas Instruments bq Gas Gauge Evaluation Software - bg2 7501 v1.06 -
4 File Window Help

WARNING!H! Insure Calibrate screen is CLOSED
Impedance Track SA. Learning Cycle
DataRAM Configuration Wizard H i
05000106 Commuricat tion Status OK
Data . oy
Flash B ——_— You can now reset the fuel gauge and begin Reset
the learning process
58, Update Golden Pack
I2C Pro
T 1- Discharge to empty, then WAIT 5 hours i
- 2- Initialize the Impedance Track algarithm
3- Charge to full, then WAIT 2 hours
4- Discharge to empty, then WAIT 5 hours
100% A2y = : i !

L]

-
o% e

Fuel Gauge
98%

Communication OF,

TEXAS INSTRUMENTS

REAL WomrLD Si1anAL PRDC

1. Setup 2, Configure 3. Calibrate

5. Cycle

-2

5BS Task Progress: 100%  Task Completed 0229 26 PM

Figure 10.

bqEASY Learning Cycle
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products [vww .dIp.comn] Broadband [pww i.com/broadband
DSP Fspicom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers nicrocontroller.fi.conj Telephony lvww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions | {r.com/prl Wireless [vww fi.com/wirelesy
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