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ABSTRACT

PMP/BMS/Handheld

The bg27220 includes one-time programmable (OTP) profiles that allow users to program the settings that
would otherwise be required to be initialized in RAM after powering up. Calibration data is one of the
included subsets of data that can be programmed in to OTP. This guide goes over the process on how to
calibrate the bg27220 using the provided TI tools and how to transfer that to OTP.
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1 Tools Required for Calibration
The following tools are required for calibration:
*  bg27220EVM with EV2400
» 2x power supplies, one for powering the gauge; another, for the OTP programming voltage.
» DC load capable of at least 1 A.
e bgStudio (minimum v1.3.51)
* SmartFlash

2 Operation
This section details the operation of the bq27220 bqStudio software.

All trademarks are the property of their respective owners.
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2.1 Starting the Program

With the EV2300 or EV2400 and the bq27220EVM connected to the computer, run bgStudio from the
desktop or installation directory. The window consists of a tools panel at the top, and other child windows
that can be hidden, docked in various positions, or allowed to float as separate windows. When bqStudio
first starts up, the DashBoard, the Registers, and the Commands windows should be open. Additional
windows can be added by clicking the corresponding icons in the tools panel at the top of the main
window.

The Scan (continuous scan) or Refresh (single time scan) buttons can be clicked in order to update the
data in the Registers and Data Memory windows.

bgStudio provides a logging function which logs selected Data Registers last received from the bgq27220.
To enable this function, click the Start Log button. The default elapsed interval is 4000 milliseconds, to
change this interval, go to Windows, select Preferences, choose Registers, and change Scan/Log Interval
from 4000 to 1000 milliseconds. There is no need to log faster than 1 second as the gauge will not update
the registers faster than 1 second.
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Figure 1. Registers Screen

2.2 Setting Programmable bq27220 Options

The bg27220 comes configured per the default settings detailed in the bg27220 Technical Reference
Manual (TRM — SLUUBD4) . Ensure that the settings are correctly changed to match pack and application
for the bg27220 solution being evaluated.

NOTE: The correct setting of these options is essential to get the best performance. The settings
can be configured using the Data Memory window (Figure 2).
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Figure 2. Data Memory Screen

To read all the data from the bg27220 RAM, OTP, and non-volatile memory, click on the Read All button
on the Data Memory window. Make sure the device is not sealed and in full access to read/write to the
data memory. To update a parameter in RAM, click on the desired parameter and a window will pop-up
that provides details on the selected parameter. Next, enter the value in the value textbox and press
Enter. After Enter has been pressed, bgStudio will update the selected parameter.

See the TRM (SLUUBD4) for details on how to program the OTP values on the bq27220.

The Import button in the Data Memory window can be clicked in order to import an entire configuration
from a specified *.gg.csv file.

The configuration can be saved to a file by clicking the Export button in the Data Memory window and
entering a file name. The configuration will be saved to a *.gg.csv file. The module calibration data is also
held in the bq27220 data memory. If the Gauge Dashboard is not displaying any information, then the
bg27220 may not be supported by the bqStudio version that is being used, a bqStudio upgrade may be
required.

3 Calibration Process

The process to calibrate and program the OTP on the bg27220 is as follows:
1. Connect the bg27220 to bgStudio using the EV2400.

2. Perform the calibration storing the calibration data in RAM.

3. Use bgStudio to generate the ot.fs file required for OTP programming.

4. Use SmartFlash to program the OTP profile on the gauge.

See the following sections detailing the steps.
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3.1 Calibration

The bg27220 must be calibrated to ensure accurate value reporting. This can be done by going to the
Calibration window in bgStudio.
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Figure 3. Calibration Screen

NOTE: Please ensure the gauge is unsealed and in full access before proceeding with the
calibration procedure. See the TRM for details on how to unseal and place the gauge in full
access.

Calibration consists of the following:

» CC Offset/Board Offset: Simply check Calibrate CC Offset and Calibrate Board Offset and click
Calibrate Gas Gauge to calibrate the Coulomb counter and board offsets. Ensure no current is flowing
through the sense resistor during these steps. After a successful calibration, a green check mark
shows next to the Calibrate Gas Gauge button.

* Current: Connect a 2-A load to LOAD+/LOAD- or a current source to LOAD—/PACK-. Ensure the
measured current reported is negative, or else reverse the connections. Check Calibrate Current and
enter the current into the textbox followed by Calibrate Gas Gauge.

» Voltage: Apply a known DC voltage to PACK+/PACK- with no current flowing through the sense
resistor. Check Calibrate Voltage and enter the voltage into the textbox followed by Calibrate Gas
Gauge.

Once these steps are completed, program the design parameters for the application in RAM. Once both
the design and calibration parameters are verified, the ot.fs file can be generated. This file is used to
program the OTP profile by using SmartFlash.

The OTP profile must be programmed in its entirety using the ot.fs. In order to avoid programming
incorrect values, validate the configuration files before programming the OTP, for example, test out the
values in RAM and ensure performance is acceptable before proceeding with writing to OTP.

4 bg27220 Calibration Guide SLUA771-May 2016
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4 OTP Mode FlashStream (ot.fs) Files

The Battery Management Studio (bgStudio) software allows generation of specific instruction files (ot.fs
files), containing the necessary I°C commands a host can send to the bg27220 device to program the
RAM-based data memory parameters. The commands in these files are largely ROM commands only
used when the gauge is in CONFIG_UPDATE mode.

The ot.fs file is an ASCII text file containing commands and data. Each line of the file represents one
command and potentially 96 bytes of data, as described in the following text. No row contains more than
96 data bytes. The first two characters of each row represent the command, followed by a ":

"W:" — Indicates that the row is a command to write one or more bytes of data.
"C:" — Indicates that the row is a command to read and compare one or more bytes of data.
"X:" — Indicates that the row is a command to wait a given number of milliseconds before proceeding.

White space is used to separate fields within the ot.fs files. Each row contains only one of the four
commands. The commands discussed in this section can be implemented by a system that can perform
multi-byte or single-byte operations for I°C.

Figure 4 shows a typical ot.fs file snippet generated from the bgStudio software.
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Figure 4. Typical ot.fs File Snippet

41 Write Command

The write command "W:" instructs the I?C master to write one or more bytes to a given I’C address and
given register address. The I°C address format used throughout this document is based on an 8-bit
representation of the address. The format of this sequence is:

"W: 12CAddr RegAddr ByteO Bytel Byte2.."

For example, the following:
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4.2

4.3

4.4

W: AA 55 AB CD EF 00

indicates that the 1°C master writes the byte sequence 0xAB 0xCD OxEF 0x00 to register 0x55 of the
device addressed at OxAA.

More precisely, it indicates to write the following data to the device address OxAA:
OxAB to register 0x55
0XCD to register 0x56
OXEF to register 0x57
0x00 to register 0x58

Read and Compare Command

The read and compare command is formatted identically to the write command. The data presented with
this command matches the data read exactly, or the operation should cease with an error indication. The
ot.fs file contains no information about program flow or decision making. If a read and compare command
results in data which does not match the expected values, the interpreting program needs to handle the
next step itself. It should not continue with further commands but would typically go back to the beginning
of the ot.fs file and try again several times before giving up.

The format of this sequence is:
"C: i12cAddr RegAddr ByteO Bytel Byte2"

An example of this command is as follows:
C: AA 55 AB CD EF 00

This example expects the master to read back 4 bytes from the register address 0x55 of the device
addressed at OxAA and then compare the data to the values given on the line command in this same
order as OxAB, OxCD, OxEF, and 0x00.

Wait Command

The wait command indicates the host waits a minimum of the given number of milliseconds before
continuing to the next row of the FlashStream file. A wait command is typically used to allow the fuel
gauge processor to complete a process before proceeding to the next command in the file.

For example, the following:
Xz 200

indicates that the 1°C master must wait at least 200 ms before continuing.

CONFIG UPDATE Mode

If the application requires different configuration data for the fuel gauge, the system processor can update
RAM-based data memory parameters using the Control()SET_CFGUPDATE subcommand to enter the
CONFIG UPDATE mode.

NOTE: To ensure that the fuel gauge has entered CONFIG UPDATE mode correctly, there must be
at least an 1100-ms delay after sending the SET_CFGUPDATE. Operation in this mode is
indicated by the Flags()[CFGUPMODE] status bit.

In this mode, fuel gauging is suspended while the host uses the extended data commands to modify the
configuration data blocks. To resume fuel gauging, the host must send a Control()SOFT_RESET
subcommand to exit the CONFIG UPDATE mode, which clears both Flags()[ITPOR] and [CFGUPMODE]
bits. After a timeout of approximately 240 seconds (4 minutes), the gauge automatically exits the CONFIG
UPDATE mode if it has not received a SOFT_RESET subcommand from the host.

bg27220 Calibration Guide SLUA771-May 2016
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The memory of the bg27220 device is separated into memory subclasses defined in this document. The
memory cannot be directly addressed, but is updated through a sequence of extended commands that
can access each block of memory indirectly. The ot.fs file updates these blocks to write the proper
configuration so the bq27220 device can have proper gauging performance and match the system
characteristics. These updates are stored in RAM and need to be reprogrammed any time the device
loses power. (The [ITPOR] bit in the Flags() register indicates that the RAM configuration has been reset
to the defaults and is in need of updating using the ot.fs file.)

45 Programming Instructions

45.1 Using ot.fs Files

The following list shows how to use ot.fs files to configure the bg27220 device on power up:

1. Use the GPCCEDV tool (on ti.com) to generate the 7-point CEDV parameter and the 11-point loaded
voltage points, see the bq27220EVM-744 User's Guide (SLUUBF5).

2. Use the Battery Management Studio (bgStudio) software to finalize all the values for Calibration,
Configuration, or Gas Gauging in RAM based on the application.

3. Complete the following OTP profiles:

(a) Programming the OTP Profile 1
(i) Fill out the CEDV Profile 1 section in RAM with required values.
(i) Write CEDV Profile Select — Battery ID to 4.

(b) Programming the OTP Profile 2
() Fill out the CEDV Profile 1 section in RAM with required values.
(i) Write CEDV Profile Select — Battery ID to 8.

(c) Programming the OTP Profile 3
(i) Fill out the CEDV Profile 1 section in RAM with required values.
(iiy Write CEDV Profile Select — Battery ID to 16.

4. Use bgStudio to generate the ot.fs file, which contains I1°C instructions (with data) on how to program
the OTP with the values that were just set up in RAM.

5. Use the ot.fs file with the SmartFlash programming tool; the OTP on the bq27220 device can be
programmed.

4.6 General Setup and Software Installation to Program OTP
1. Equipment needed:
(a) Lab power supply configured for 7.4-V output (expect approximately 5-mA maximum current)
(b) Battery or second power supply with = 3.0-V output (expect approximately 1-mA maximum current)
(c) EV2300 (v3.1r or later) or EV2400 USB with I1°C interface adapter
(d) Unprogrammed bg27220 device assembled in the battery pack or on the EVM
(e) Example .gg file provided by factory
() Battery Management Studio (bgStudio) software installer
(g) SmartFlash software executable
Install bgqStudio software.
Connect the EV2300 or EV2400 to the unprogrammed device or EVM.
Connect the battery to BAT(+) and VSS(-) pins.
With output disabled, connect the lab power supply to GPOUT and VSS(-) pins.

ok~ wnN

NOTE: Do not apply 7.4 V to the device until prompted by software.
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4.7

Launch bgStudio Software
1. Launch bgStudio software.
2. Confirm Gauge Dashboard panel detects the EV2x00 adapter and the bq27220 device.

3. If the device has been previously SEALED, UNSEAL it by sending the appropriate keys to Control()
(0x00 and 0x01). The bg27220 boots up in UNSEAL mode, but not in FULL ACCESS mode. Enter
FULL ACCESS mode to gain access to the Data Memory.

Click Data Memory to show the OTP factory defaults that are in data memory (RAM).
Click Import to load Data Memory contents from the provided sample .gg file.
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Figure 5. Launch bgStudio Software

Load .GG File
This procedure imports the fuel gauge data or the data memory image to the device.

1. Browse to a desired template or sample *.GG parameter file. (example: bg27220.gg.csv in Figure 6.)
2. Click the Open button.

8
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Mame * Date modified Type Size
. Configuration Files 3/10/2016 12202 PM File folder
Documentation 3/11/2016 12:02 PM File folder
Firmware 3/10/2016 4:41 PM File folder
. Report 3142016 11:37 AM File folder
. Sourcecode 311/2016 11:06 AM File folder
Test Log Files 3/10/2016 11:37 AM File folder

E:_H bg27220.0g.csv 3/15/2016 9:35 AM Microsoft Excel Com...

(] |
File name: | bq27220.gg.csv j |”-99-cw Ll

Open | v.| Cancel I
4

Figure 6. Load .GG File

4.9 Confirm or Update Data Memory Parameters

Use the following list to confirm or update data memory parameters:

1. Imported Data Memory (RAM) parameters that differ from the factory defaults appear in orange font.
2. Confirm or update Data Memory (RAM) parameters as required.

3. Save .gg file for future reference by clicking Export.
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i - Design Votage | e 0x52a3 2 61 3 my —_————
] Charge Termination Volage _ mi x82a5 2 861 5 mv’ £ i
| “Callbration (Present CiTP) LB [ 3 e = o i &l # SET_PROFILE 2
co e E %329 2 861 9 E
o [ A - semories
—— T = x92ad 2 861 13 =
Gas Gauging (Present OTF) R i 0x02af 2 881 15 i ' SET_PROFILE :
Calbration (ROM Default) T [ 0x92b1 1 861 7 = =
e . . e = - - st _eorie 5
Configuration (ROM Default) Age Factor 0 E (92b3 1 561 18 - # SET_PROFIE 6
- Fixed EDV 0 | 0x92b4 Z 661 20 mv - |
G ot (RO i) EDV 0 Hold Time: [ | s %9266 1 861 2 s e
Ficed EDV 1 B 0267 2 861 <) my o MI
EDV 1 Hold Time _ =, 0x92b9 1 661 25 = ~Transaction L
Fixed EDV 2 ] v 0xS2ba z €81 26 m Neme_ | Cnd | Ria]
EDV 2 Hold Time = s 0x52bc 1 851 28 s ENTER ... 0x30 N
Vottage 0% DOD R L | mv 0x52bd 2 831 2 v BT C...  0xa1 N
Voltage 10% DOD B 0x92bF 2 861 31 mv’ ENTER ... 0xa0 N
Vottage 20% DOD i g q v 0x@2ct 2 862 1 v EXIT C...  0x31 N,
Voltage 30% DOD B 0x92¢3 3 662 3 m ENTER ... | 0x00 N
Voltage 40% DOD ] i 05265 2 862 5 my o N
Vottage 50% DOD [ s | mv 0x32eT 7 852 7 my ENTER ... | 0x30 N
Vottage 50% DOD =S| v 0x82c9 z 662 B mv | EXIT ... Ox3i N,
Votiage 70% DOD e v 0x92¢ch 2 e52 11 v ENTER ... w30 N
Voktage 80% DOD N 0x82cd. 2 852 13 mv EXIT C... | 0x91 N,
Voltage 80% DOD ] my 0x92cf 2 862 15 v _ ENTER ... 0x30 N
Voltage 100% DOD . [ 2 862 17 VAL | a4 | 3
i3 Texas INSTRUMENTS | e & |
Figure 7. Confirm or Update Data Memory Parameters
'§ Battery Management Studio ( baStudio ) 1.3.50 — TR— — — TRE—— W = X |
File View Window Help
o) -~ (- a & P L = =
Registers Data Memory -~ Commands ~ Calibration = Advanced Comm  GoldenImage @ Watch Data Graph Errors
'@ Registers (= Data Memory Golden Image| = 5[ Commands £ =0

Data Memory

Read/Write Data Memory Contents

Calibration

Calibration (ROM Default)

Gas Gauging (ROM Default)

Filter/Search =

5 B »
Import Write_All Read All View

Auto Export  Export

Name Private Value Unit b
4BTP
10 Config 00 hex
Init Discharge Set 150 mAh
Init Charge Set 175 mAh
4 Power
Sleep Current 10 mA
Bus Low Time 5 s
Offset Cal Inhibit Temp Low 50 =c
Offset Cal Inhibit Temp High 250 e
Sleep Voltage Time 20 s
Sleep Current Time 20 s
4 Current Thresholds
Discharge Detection Threshold 60 mA =
Charge Detection Threshold 75 mA
Quit Current 40 mA
Discharge Relax Time 60 s
Charge Relax Time 60 s
Quit Relax Time 1 s
4 Data
Initial Standby -10 mA
4 Discharge
SysDNawn Set \/nlt Threshaid 2150 m\/. e
sys[x]| Battery ID
SyS‘ ‘ Bit7 ‘ Bit6 | Bit5 ‘ Bit4 ‘ Bit3 ‘ Bit2 ‘ Bitl ‘ Bit 0
450C __|
HE| + Wiite to Data Memory
4 CEDV
Battery ID 04 hex
4ot
Token 0 =

Commands

# ENTER CFG_UPDATE
# EXIT_CFG_UPDATE_REINIT
# EXIT_CFG_UPDATE

i

# SET_PROFILE_1

# SET_PROFILE 2
< SET_PROFILE 3
+ SET_PROFILE 4

+ SET_PROFILE 5
+ SET_PROFILE_ 6

+ BOARD_OFFSET

<+ CC_OFFSET

H

+ CC_OFFSET_SAVE

Clear Log

Read ..

Log Panel

Transaction Log
cmd

Name Result

4. Set BATT_ID2 to 1.

Figure 8. Update Battery ID
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410 Save .OTFS File
The following steps show how to save an .OTFS file

1. Click the Goldenlimage icon.
2. From the GoldenIimage panel, enter desired .OTFS base file name (example, bq27220.0t.fs).

NOTE: No Options changes are required.

3. Click Create Image File.
4. Exit bgStudio software.

NOTE: Itis important to exit the bgStudio software because the EV2x00 adapter must be freed for

SmartFlash.
1§ Batre: i
file View Window Help
- r 5 4 S = (8 Batiery W]
) = e a & 3 B = § Batiery
Registers Data Memory - Commands © Calibration = Advanced Comm ° Golden Image @ Watch DataGraph Errors
" & DashBoard . ¥ = 1) Registers | Data Memory [ Golden Image £ =0)(2 Commands % _ =5
Golden Image Commands

baStudio Version: 1.3.50

=
EV2300 It will read the data memory contents of the connected gauge and save it to your hard drive in various formats. ENILCHG MADATE REINT
Version3.1m Output Location # EXIT.CFG_UPDATE

Golden Image Export + ENTER CFG_UPDATE  *
(1 This plug-in will allow you o export image files.
= Output Directory  CATNBatteryManagementStudio\ OutputFiles Browse # SET_PROFILE 1 :‘

| } WA e Base File Name  0220.0.03-bg27220 Dpen Director] || # SET_PROFILE 2
it Output Formats # SET_PROFILE 3
7] GMFs File (fs) | 0220.0.0 [ options | | [~ serprories

bq27220 [V OTFSFile (f9) | 0220.0.0: [ options | | [ 7 sererories

0220.0.03

-
Addr OxAA o Create Image Files SET_PROFILE 6
222 degC # BOARD_OFFSET
# CC_OFFSET
7 CC_OFFSET SAVE

[ 7 OCVCMD

Log Panel [Clear Log]

Transaction Log

Name Cmd Result  Re|

Figure 9. Save .OTFS File

411 Launch SmartFlash Software

Use the following steps when launching the SmartFlash software:

1. Launch SmartFlash software.

2. Confirm auto-detection of the EV2x00 adapter, gauge = 220 and version = 1.09.
3. Click File — Open.
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File Log
P W

Filename: <None>

Help

Jarger Device: _=Nancs
3/15/2016 1:04:27 PM >> SmantFlash v0.8.2
@ Adapter: EV2300a
@ Gauge: 220(12C)

@ version: 003

Refresh § Program
@y S | | 4 g

No valid SmartFiash file has been opened.

Figure 10. Launch SmartFlash Software

4.12 Open ot.fs File
1. From the pop-up dialog box, click the needed ot.fs file and click Open.
2. Confirm successful file load from log window.

- _ |« OSDisk(C) » TI » BatteryManagementStudio » OutputFiles v . Seqch OutputFiles joi
Organize ~ New folder = O B
f. HH Projects *  Name Date modified Type Size
| SimulatorFramew : =
| 0220.0.03-bg27220.0t fs 3/15/2016 LOLPM S File 38|
| Libraries
.. Documents
= Git
-4, Music :
=i, Pictures i
g, Videos
& Computer
| i | *
File name: 0220_0_03-bq27220.0tfs ~ | Flash Stream (1fs) ~|
[ Open |v] l Cancel l
Figure 11. Open .OTFS File
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4.13 Program OTP
1. Click the Program button.

2. When the Apply Programming Voltage pop-up dialog box appears, enable 7.4-V power supply and
click OK.

3. After a brief delay (approximately 1-second) for OTP programming and when the Remove
Programming Voltage pop-up dialog box appears, disable the power supply and click OK.

File Log Help
J 3]

Filename:

0220_0_03-bq27220 0t fs

Target Device:  Unknown

_ 3/15/2016 5:23:28 PM >> SmartFlash v:9.2 B
(V] Adapter: EV2300a 3/15/2016 5:23:46 PM == Open FS File: C\TI\BatteryManagementStudio\OutputFiles\0220_0_03-bq27220.ctfs
3/15/2016 5:23:46 PM >> FileTarget 0 v0.00

@ Gauge: 220(20) 3/15/2016 5:23:58 PM >> Target Gauge: 220 v0.03
& Version: 003 3/15/2016 5:23:58 PM => Programming Gauge...
o i '8 e -
g Refresh »  Program Programming Voltage m

Apply Programming Voltage (7.4V) and Click OK to Continue.

Programming Gauge...

Figure 12. Apply 7.4 V

Programming Voltage ﬂ

Remove Programming Volitage (7.4V) and Click OK to Continue.

)

Figure 13. Program OTP

4.14 Confirm Success
1. Confirm the message Programming completed successfully! from the log window.
2. The device is now fully programmed.
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File Llog Help
Lo (W

Filename: 0220_0_03-bg27220 ot fs

Target Device:  Unknown

3/15/2016 5:19:37 PM >> SmartFlash v0.9.2 -

@ Adapter: EV2300a 3/15/2016 5:19:50 PM >> Open FS File: C\ T E el =i Sl e s (s e a8 o et Il s 2 aTe

. 31512016 5:19:50 PM >> FileTarget 0 v0.00]

@ Gauge: 220 (120) 3/15/2016 5:19:53 PM 55 Target Gauge: 220 v0.03
@ Version: 003 3/15/2016 5:19:53 PM => Programming Gauge...

3{15/2016 5:21:08 PM => Programming completed successfully!

Refresh Program
2 b o

|| OK! Ready to program.

E s = 3 [ = ==

Figure 14. Confirm Success
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com
www.dlp.com
dsp.ti.com
www.ti.com/clocks
interface.ti.com
logic.ti.com
power.ti.com
microcontroller.ti.com
www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers
www.ti.com/consumer-apps
www.ti.com/energy
www.ti.com/industrial
www.ti.com/medical
www.ti.com/security
www.ti.com/space-avionics-defense
www.ti.com/video

e2e.ti.com
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