PCN Number: | 20240411004.2 | PCN Date: | April 11, 2024

Title: Qualification of RFAB using qualified Process Technology, Die Revision, and
i additional Assembly & Test site options for select devices

Customer Contact: Change Management team | Dept: Quality Services

Proposed 1 Ship October 08, 2024 Sample requests

*
Date: accepted until: May 11, 2024

*Sample requests received after May 11, 2024 will not be supported.

Change Type:

Assembly Site Design Wafer Bump Material

Assembly Process Data Sheet Wafer Bump Process

Assembly Materials

Part humber change

Wafer Fab Site

|| Mechanical Specification

Test Site

Wafer Fab Materials

Packing/Shipping/Labeling

Test Process

Wafer Fab Process

PCN Details

Description of Change:

Texas Instruments is pleased to announce the addition of RFAB using the LBC9 qualified
process technology and additional Assembly & Test site (MLA) options for selected devices

listed below in the product affected section.

Additionally, there will be BOM/Assembly options introduced for these devices:

Group 1 device:

FMX MLA
Wire diam/type 0.8/ 0.96mil Au 0.8mil Cu
Group 2 device:
Current Proposed
Wire diam/type 0.96mil Au 0.8mil Cu
Mount compound 4042500 4147858
Mold compound 4206193 4211471

Test coverage, insertions, conditions will remain consistent with current testing.

Qual details are provided in the Qual Data Section.

Current Fab Site Additional Fab Site
Current Process Wafer Additional | Process Wafer
Fab Site Diameter Fab Site Diameter
DFAB 50A21, EXCAL2, 150 mm
BICOM2/2X RFAB LBC9 300 mm
SFAB JI1 150 mm
The die was also changed as a result of the process change.
Current Proposed
Probe Test With probe No probe

Reason for Change:

These changes are part of our multiyear plan to transition products from our 150-millimeter
and 200-millimeter factories to newer, more efficient manufacturing processes and
technologies, underscoring our commitment to product longevity and supply continuity.

Anticipated impact on Form, Fit, Function, Quality or Reliability (positive /

negative):

None

Impact on Environmental Ratings:

Texas Instruments Incorporated
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Checked boxes indicate the status of environmental ratings following implementation of this
change. If below boxes are checked, there are no changes to the associated environmental

Information:

Assembly/Test Site

ratings.
RoOHS REACH Green Status IEC 62474
<] No Change | ><I No Change | ><I No Change | ><I No Change
Changes to product identification resulting from this PCN:
Fab Site
Information:
A Chip Site Origin Chip Site Country A .
Chip Site Code (20L) Code (21L) Chip Site City
DL-LIN DLN USA Dallas
SH-BIP-1 SHE USA Sherman
RFAB RFB USA Richardson
Die Rev:
Current New
Die Rev [2P] Die Rev [2P]
A, B A, B

. Assembly Site Assembly Country .
Assembly Site Origin (22L) Code (23L) Assembly City
TI Mexico MEX MEX Aguascalientes
MLA MLA MYS KUALA LUMPUR

TEXAS
INSTRUMENTS
MADE IN: Mnlnqysia

C: 20:

MSL '2 /260C/1 YEAR
MSL 1 /235C/UNLIM

SEAL DT
03/29/04

OPT:

BL: 54 (L)T0

:?750

Sample product shipping label (not actual product label)

(1) SNT4LSO7NSR
(@) 2000

(0) 0336

31T)LOT: 3959047MLA
4W) TKY (1T) 7523483812
(P

2P) REV:
(20L) CSO: SHE
(22L) ASO:MLA

Vv 86333
1L) CCO:USA
23L) ACO: MYS

Group 1 Product Affected:

| TL972QDRQ1

| TLE2072AQDRG4Q1 | TLE2072QDRCT

Group 2 Product Affected:

| TL974QPWRQ1

| TLV2434AQPWRQ1

For alternate parts with similar or improved performance, please visit the product page on

TI.com

Texas Instruments Incorporated
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Tl Information
Selective Disclosure

Automotive Qualification Summary
(As per AEC-Q100 Rev. H and JEDEC Guidelines)

Q100H / Q006 Grade-1 qual for OPA4990QPWRQL1 (RFAB/LBCY) in MLA using 14-pin TSSOP pkg
Approve Date 27-February-2024

Product Attributes

. Qual Device: QBS Process Reference: 0BS Package Reference: QBS Package, Process, Product Reference:
Armbutes OPA49900PWROQL OPA29910DGKRQ1 SN74HCS7AQPWROL OPA49910PWRQ1
Automotive Grade Level Grade 1 Grade 1 Grade 1 Grade 1
Operating Temp Range (C) -40t0 125 4010 125 -40t0 125 4010125
Product Function Signal Chain Signal Chain Logic Signal Chain
Wafer Fab Supplier RFAB RFAB RFAB RFAB
Assembly Site MLA HFTRAT MLA MLA
Package Group TS30P VS50P Ts50P T550P
Package Designator PW DGK PW PW
Pin Count 14 8 14 14

« QBS:Qual By Similarity
» Qual Device OPA4920QPWRQL is qualified at MSL1 260C

Qualification Results

Data Displayed as: Number of lots / Total sample size / Total failed

QBS Package,
5 . Process, Product
Type : Reference:
Qy

Test Group A - Accelerated Environment Stress Tests

JEDEC J-

PC a0 77 | Precondioning MSL1260C | - 1Pass Pass 3IPass UPass
AL13
JEDEC 264

HAST A2 JESD22- 3 77 | Biased HAST  110C/B5%RH | 7 - - - U770

ours

AL10
JEDEC o

HAST A2 JESD22- 3 77 | Biased HAST  130C/35%RH 17710 32312 3123110 -
AL10 Hours
JEDEC
JESD22- o

ACUHAST A3  ALO2JEDEC 3 77 | Autoclave 121CN50si0 | |, - 302310 3123110 323110

ours

JESD22-
AL18
JEDEC
JESD22- o

ACIUHAST A2 ALO2JEDEC 3 77 | Unbiased HAST = 130C/25%RH 17710 - - -
JESD22- Hours
All8
JEDEC
JESD22- Temperature 500

TC A LA 650150 | Ol 17Tm 32310 3123110 L7710
Appendix 3
MIL-STD223 Post Temp

TCc-ep A Method 2011 5 Cycle Bond Pull - 150 - s
JEDEC High 1000

HTSL A6 JESD22- 1 45 | Temperawre  150C oo - - 311350 14510
ALD3 Storage Life
JEDEC High 500

HTSL A6 JESD22- 1 45 | Temperawre  175C 00 waso - - -
Al03 Storage Life
JEDEC High 630

HTSL A6 JESD22- 1 45 | Temperawre  175C g0 - 3713500 - -
ALD3 Storage Life

Test Group B - Accelerated Lifetime Simulation Tests

Texas Instruments Incorporated TI Information - Selective Disclosure PCN# 20240411004.2



0QBS Package,

Min Qual Device: QS;;LO:CZS_S Qg;::aﬁ!?e Process, Product
Test Spec Lot Test Name Condition . . Reference:
Qy OPA49900PWRO1L
OPA20910DGKRO1 | SNZ4HCS74QPWROL | op19910PWRQL
JEDEC 1000
HTOL Bl JESD22- 3 7 Life Test 125C - - 32310 -
2108 Hours
JEDEC 200
HTOL Bl JESD22- 3 77 Life Test 150C L7 - - 32310
AlDS Hours
JEDEC a08
HTOL Bl JESD22- 3 i Life Test 150C H 32311t - -
AL08 ours
AEC Q100- Early Life 48 2 -
ELFR B2 008 3 800 Failure Rate 125C Hours 240004 3/2400/0
Test Group C - Package Assembly Integrity Tests
Minimum of 5
AEC Q100- Wire Bond devices, 30
WES Cl 0oL 1 30 Shear wires Wires 13000 390/0 37900 1/30/0
Cple=1.67
Minimum of 5
MIL-STD283 devices, 30
WEP c2 Method 2011 1 30 ‘Wire Bond Pull wires Wires 1/30/0 390/0 37900 1/30/0
Cple=1.67
JEDEC J- - =05% Lead
5D C3 STD-002 1 15 PE Solderability Coverage - - /1510 1/15/0 -
JEDEC J- PEB-Free =95% Lead
sD G STD-002 1 15 Solderability Coverage - 1150 1150 -
JEDEC
JESD22- Physical
PD c4 B100 and 3 10 Dimensions Cple=1 67 - 110/ 3/30i0 330/ 1/10/0
B108
Test Group D - Die Fabrication Reliability Tests
g?orgg;eﬁted Per Completed Per Completed Per (F:'%n;g;ested Per
EM D1 JESDE1 - - Elecfromigration - - Technal Process Technology — Process Technology
ooy Reguirements Requirements Technology
Requirements Requirements
gg:;:ndent g?orgg;eﬁted Per Completed Per Completed Per g&n;g;ested Per
TODB D2 JESD35 - - Dielectiic - - Technalogy Proce_ss Technology Prooe_ss Technology Technology
Breakdown Requirements Requirements Requirements Requirements
0BS QBS Package,
Qual Device: QS;;LO:C?,S Ref:ritl;;l'::z!?e Process, Product
Type Test Name : . Reference:
OPAASO0QPWRO1L
OPA29910DGKRO1 | SN74HCST4QPWROL | op19910PWROL
Completed Per Completed Per
JESDE0 & Hot Carrier Process Complated Per Completad Par Process
HCI D3 28 - - Injection - Technology Proce_ss Technology Prooe_ss Technology Technology
Requirements Requirements Requirements Requirements
Bias (P:It_lon;g;ested per Completed Per Completed Per (F:.%n;g;ested per
ETI D4 - - - Tempgr_aune - - Technology Proce_ss Technology Prooe_ss Technology Technology
Instability Requirements Requirements Requirements Requirements
g;rgg;ested per Completed Per Completed Per (F:';n;g;ested Per
SM D5 - - - Stress Migration - - Process Technology — Process Technology
Technalogy Requirements Requirements Technalogy
Requirements Requirements
Test Group E - Electrical Verification Tests
AEC Q100- 2000
ESD E2 002 1 3 ESD HBEM - Volts 130 13 130 -
AEC Q100- 4000
ESD E2 002 1 3 ESD HEM - Volts - - 130
AEC Q100- 1500
ESD E3 011 1 3 ESD CDM - \olts - - 130
AEC Q100- 500
ESD E3 on 1 3 ESD CDM - Volts 130 130 -
AEC Q100- Per AEC
LU E4 004 1 [ Latch-Up Q100-004 160 1/6/0 17640 3180
) ) Cpk=167
ED g5 AECQLO- 4 30 | Electical Room hot | - 2900 249010 219010 209000
009 Distibutions and cold

Additional Tests

Texas Instruments Incorporated

TI Information - Selective Disclosure

Preconditioning was performed for Autoclave, Unbiased HAST, THE/Biased HAST, Temperature Cycle, Thermal Shock, and HTSL, as applicable

The following are equivalent HTOL options based on an activation energy of 0.7eV : 125C/1k Hours, 140C/480 Hours, 150C/300 Hours, and 155C/240 Hours
The following are equivalent HTSL options based on an activation energy of 0.7eV : 150C/1k Hours, and 170C/420 Hours
The following are equivalent Temp Cycle options per JESD4T --55C/125C/700 Cycles and -65CA50C/500 Cycles

PCN# 20240411004.2



Ambient Operating Temperature by Automotive Grade Level:

Grade 0 {or E): -40C to +150C
Grade 1 {or QQ): -40C to +125C
Grade 2 {or T): -40C 1o +105C
Grade 3 {or [} - -40C to +85C

. & & @8

ELl (TEST): Electrical test temperatures of Qual samples (High temperature according to Grade level):

Room/HotCold : HTOL, ED
Room/Hot : THB / HAST, TC/ PTC, HTSL, ELFR, ESD & LU
Room : AClUHAST

Quality and Environmental data is available at TI's external Web site: hitp:hwww ii.com/
Tl Qualification ID: R-NPD-2305-114

[1}-One unit failed due to bad Bl socket contact

[2}Three units failed due to bad Bl socket contact, and

one due to reverse-insertion

Tl Information
Selective Disclosure

Automotive Qualification Summary
(As per AEC and JEDEC Guidelines)

Q006 TSSOP at MLA
Approve Date 27-February-2024

Qual Device: QBS Process Reference: | QBS Package Reference: | QBS Package, Process, Product Reference:
OPA4990QPWRQL OPA2991QDGKRQ1 SN74HCSTAQPWRQ1 OPA4991QPWRQ1

Automotive Grade Level Grade 1 Grade 1 Grade 1 Grade 1
Operating Temp Range (C) -4010 125 -4010 125 -40to 125 -40 1o 125
Product Function Signal Chain Signal Chain Logic Signal Chain
Wafer Fab Supplier RFAB RFAB RFAB RFAB
Assembly Site MLA HFTFAT MLA MLA
Package Group TSS0OP VSS0P TSS0P TSSOP
Package Designator PW DGK PW PW

Pin Count 14 8 14 14

Qualification Results

Data Displayed as: Number of lots / Total sample size / Total failed

Texas Instruments Incorporated TI Information - Selective Disclosure PCN# 20240411004.2



Test Group ccelerated Environment Stress Tests
JEDEC
J-5TD-
PC Al 020 3 77 Preconditioning
JESD22-
Al113
PC | A1l | - 3 22 ;f‘eM Precon
PC  A12 |- 3 22 gg;' Precon
JEDEC
HAST A2l JESD22- | 3 I Biased HAST
A110
JEDEC
HAST | A21 JESD22- | 3 77 Biased HAST
A110
Cross Section,
HAST | A212 | - 3 1 POStbHAST, 1X
Wire Bond
HAST | A213 | - 3 3 Shear, post
bHAST, 1X
Bond Pull over
HAST | A214 | - 3 3 Stitch, post
bHAST, 1X
Bond Pull over
HAST | A215 | - 3 3 Ball, post
bHAST, 1X
JEDEC
HAST | A22 JESD22- | 3 70 Biased HAST
A110
JEDEC
HAST | A22 JESD22- | 3 T0 Biased HAST
A110
_ SAM Analysis,
HAST | A221 3 22 pOStBHAST 2X
Cross Section,
HAST  A222 | - 3 1 POStbHAST, 2X
Min
Test s51
Type Spec Elt:;t’ Lot Test Name
‘Wire Bond
HAST | A223 | - 3 3 Shear, post
bHAST, 2X
Bond Pull over
HAST | A224 | - 3 3 Stitch, post
bHAST, 2X
Bond Pull over
HAST | A225 | - 3 3 Ball, post
bHAST, 2X
JEDEC
JESD22-
AlD4 Temperature
TC A4l and 3 77 Cydle
Appendix
3
SAM Analysis,
TC A411 - 3 22 PoOStTC 1X
Cross Section,
TC A412 - 3 1 postTC, 1X
‘Wire Bond
TC A413 - 3 3 Shear, post TC,
1X
Bond Pull over
TC A414 - 3 3 Stitch, post TC,
1X
Bond Pull over
TC A415 | - 3 3 Ball, post TC,
1X
JEDEC
JESD22-
AlD4 Temperature
TC A42 and 3 70 Cycle
Appendix
3
SAM Analysis,
TC A421 - 3 22 postTC, 2X
TC 2422 | - 3 1 Cross Section,

post TC, 2X

Texas Instruments Incorporated

MSL1 260C

Review for
delamination

Review for
delamination

110C/B5%RH

130C/85%RH

Post stress

cross section

Post stress

Post stress

Post stress

110C/B5%RH

130C/B5%RH

Review for
delamination

Post stress
cross section

Condition

Post stress

Post stress

Post siress

-65C/150C

Review for
delamination

Post stress
cross section

Post stress

Post stress

Post stress

-65C/50C

Review for
delamination

Post stress
cross section

264 Hours

96 Hours

Completed

528 Hours

192 Hours

Completed

Completed

300
Cycles

Completed

Completed

1000
Cycles

Completed

Completed

QBS Reference:

QBS Reference: (QBS Reference:

OPAZ991QDGKRQ1 | SNTAHCSTAQPWRQL | OPA4991Q0PWRQL

- 3/Pass

- 3/66/0

- 3/66/0

- 323102

- 3/231/0

- 316610

Qual Device:

OPA4990QPWRQ1 | OPA2001QDCKRQL

- 3/23110

- 3/66/0

- 3/231/10

- 3/66/0

TI Information - Selective Disclosure

QBS Reference:

3/Pass 1/Pass
3/66/0 17220
3/66/0 1/22/0
- 1770
3/231/0 -
330 17140
3910 1/3/10
3910 17310
3910 1/310

- 1770
3/231/0 -
3/66/0 172210
3130 110

QBS Reference: 0QBS Reference:
SN74HCST4QPWRQ1 | OPA4991QPWRO1L

3/9/0 17310
3/9/0 17310
3/9/0 17310
3723110 1770
3/66/0 122/0
330 10
3/9/0 130
3/9/0 130
3/9/0 17310
3/23110 U770
3/66/0 12210
31310 10

PCN# 20240411004.2



Test 551 - QBS Reference: QBS Reference: QBS Reference:
. m OFRASSIIPIR] | OPAZAIQDEKERT | SHTMESTEQPIRGL | OPASSIQENRRE
Wire Bond
TC A423 - 3 3 Shear, post TC, | Poststress - - 3/9/0 390 130
2%
Bond Pull over
TC A424 - 3 3 Sfitch, post TC, | Poststress - - 3/9/0 390 130
2X
Bond Pull over
TC A425 | - 3 3 Ball, post TC, Post stress - - 3/9/0 390 130
2X
JEDEC High 1000
HTSL | AG.1 JESDZ2- | 3 45 Temperature 150C - - 3/135/0 /450
A103 Storage Life Hours
JEDEC High
HTSL | AG1 JESD22- | 3 45 Temperature 175C 630 Hours | - 3/135/0 - -
A103 Storage Life
Cross Section, | Postsiress ~
HTSL | AG11 - 3 1 postHTSL, 1X | cross section Completed 3/3/0 330 U1
JEDEC High 2000
HTSL | A6.2 JEsSD22- | 3 44 Temperature 150C - - 3/135/0 1/45/0
A103 Storage Life Hours
JEDEC High 1000
HTSL | A6.2 JEsSD22- | 3 44 Temperature 175C H - 31350 - -
A103 Storage Life ours
Cross Section, Post stress ~
HTSL | AG21 | - 3 1 post HTSL, 2X cross section Completed 330 330 110

Test Group C - Package Assembly Integrity Tests

AEC Minimum of 5
WwBS | C1 QL00- 1 30 ‘i‘f]’e Bond devices, 30 | \yrae 1/300 3/90/0 3/90/0 1/30/0
001 Shear wires
Cpk>1.67
MIL- Minimum of 5
STD883 devices, 30
WBP | C2 Method 30 Wire Bond Pull | [V Wires 1/30/0 3/90/0 3/90/0 1/30/0
2011 Cpk>1.67

QBS: Qual By Similarity
Qual Device OPA4990QPWRQL is qualified at MSL1 260C

Preconditioning was performed for Autoclave, Unbiased HAST, THBE/Biased HAST, Temperature Cycle, Thermal Shack, and HTSL, as applicable

The following are equivalent HTOL options based on an activation energy of 0.7eV : 125C/1k Hours, 140C/480 Hours, 150C/300 Hours, and 155C/240 Hours
The following are equivalent HTSL options based on an activation energy of 0.7eV : 150C/1k Hours, and 170C/420 Hours

The following are equivalent Temp Cycle options per JESD47 : -55C/125C/700 Cycles and -65C/150C/500 Cycles

Ambient Operating Temperature by Automotive Grade Level:

® Grade 0 (or E): -40C to +150C
* Grade 1 (or Q): -40C to +125C
®* Grade 2 (or T): -40C to +105C
®* Grade 3 (or I} : -40C to +85C
El (TEST): Electrical test temperatures of Qual samples (High temperature according to Grade level):
* Room/Hot'Cold : HTOL, ED
* Room/MHot: THB fHAST, TC/ FTC, HTSL, ELFR, ESD & LU
* Room : AClUHAST

Texas Instruments Incorporated

Quality and Environmental data is available at TI's external Web site: ditpofweww il comyf

Tl Qualification ID: R-NPD-2305-114
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Tl Information
Selective Disclosure

Automotive New Product Qualification Summary
(As per AEC-Q100 and JEDEC Guidelines)

Q100H Grade-1 Qual for OPA4992QPWRQ1
Approve Date 20-APRIL -2023

Product Attributes

Qual Device: QBS Reference: QBS Reference: QBS Reference:
Atiributes

OPA49920PWRO1 OPA29910DGKRO1 SN74HCSTAQ0PWROL TLVI0040PWROL
Automotive Grade Level Grade 1 Grade 1 Grade 1 Grade 1
Operating Temp Range (C) -4010 125 -4010125 -4010 125 -4010 125
Product Function Signal Chain Signal Chain Logic Signal Chain
Wafer Fab Supplier RFAB RFAB RFAB RFAB
Assembly Site MLA HFTRAT MLA MLA
Package Group TSSOP VSS0P TS50P T350P
Package Designator PW DGK PW PW
Pin Count 14 8 14 14

« 0QBS: Qual By Similarity
* Qual Device OPA49920PWRQ1 is qualified at MSL1 260C

Qualification Results

Data Displayed as: Number of lots / Total sample size / Total failed

- 5 ‘Qual Device: QBS Reference: QBS Reference: QBS Reference:
Duration | App19920PWRQ1 | OPA9910DGKRQ1 | SNTAHCS7AQPWRO1 | T1VOODAOPWRQL

Test Group A - Accelerated Environment Stress Tests

Type # Test Spec

JEDEC J-

PC Al Jsgg[-)ozzzq 3 77 Precondiioning  MSL1260C | 1Step L3060 300 300 100
Al13
JEDEC 264

HAST A2 | JESDZ2Z- 3 77 BiasedHAST | 110C/85%RH . .. 1770 - - -
AlLD
JEDEC 9%

HAST A2 | JESDZ2- 3 77 | Biased HAST | 130C/85%RH |y - 23172 212310 17710
A110 ours
JEDEC
JESD22- 96

AC/UHAST A3 ALOZJEDEC 3 77 Autoclave 121C150818  Jors - 312310 372310 U770
JESD22-
All2
JEDEC
JESD22- 9%

AC/UHAST A3 | ALOZJEDEC 3 77| Unbiased HAST | 130C/B5%RH |y 17T - - -
JESD22- ours
Allg
JEDEC
JESD22- Temperature 500

TC A3 e 3 T e B5CAS0C 2 | LTI 2310 32310 U770
Appendix 3
MIL-STD823 Post Temp

Tc-ep A Metod 2011 | L 5 Cycle Band Pull |~ - 1500 - - 1510
JEDEC High 1000

HTSL A6 | JESDZ2- 1 45 | Temperature 150C H - - 31350 -
AL03 Storage Life ours
JEDEC High 500

HTSL AB | JESDZz- 1 45 Temperature 175C Pours | 1770 - - 1/45/0
A103 Storage Life
JEDEC High 630

HTSL A6 | JESDZz- 1 45 | Temperature 175C bous | 313510 - -
A103 Storage Life

Texas Instruments Incorporated TI Information - Selective Disclosure PCN# 20240411004.2



Test Group B - Accelerated Lifetime Simulation Tests

JEDEC 1000
HTOL B1 JESD22- 7 Life Test 125C H - - 32310
ours
Al03
JEDEC 300
HTOL B1 JESD22- 1 7 Life Test 150C Hours 7T - -
Al03
JEDEC 108
HTOL B1 JESD22- 1 7 Life Test 150C Hours - 33yt -
Al03
AEC Q100- Early Life 48 . 2
ELFR B2 008 1 7 Eailure Rate 125C Hours 3/2400/4 3/2400/0

Test Group C - Package Assembly Integrity Tests

Minimumof 5
WBS c1 'ggf QL00- |4 30 ‘é“gr:a?””d aﬂ‘?r‘gges- 30 wires | w30l 3/90/0 3/190/0
Cok-1.67
Minimum of 5
wep c2 mgﬁ%ﬁ%ﬁ 1 30 Wire Bond Pull aﬂ‘.’r‘gges- 0 Wires w300 3900 3/90/0
Cok-167
sD c3 é%Eo%g 1 15 | PB Solderability Egof';%;:” N 11150 11510
sD cz | EDECS 1 15 goBI—;::bilﬂy Egofﬁ:::” - 11500 U150
JEDEC
PD ca oD g 0 s cpeler - 1/10/0 33000 373010
B102

Test Group D - Die Fabrication Reliability Tests

1/30/0

130/

gforgg;esheu Per Completed Per Completed Per g%n;gged per
EM D1 JESDEL - Elecfromigration = - - Technology Process Technology — Process Technology Technology
Requirements Requirements Requirements Requirements
Ee“:ndem g;’o’;'gge” Per Completed Per Completed Per g%";ggea Per
TODB D2 JESD35 - Di [; ctri - - Technol Process Technology — Process Technology Technal
IBlectric ecnnology Requirements Requirements ecnnology
Breakdown Requirsments Requirements
JESDEO & Hot Carrier %%TSLZ"’” rer Complsted Per Completad Per ?%’22@““ rer
HCl D3 28 - - Injection - - Technology Process Technology  Process Technology | .0 ay
Requirements Requirements Requirements Requirements
MNegative Bias gfor:g;mn Per Completed Per Completed Per g;aorgglszted per
METI D4 - - - Temperature - - Technology Process Technology ~ Process Technology Technology
Instability . Requirements Requirements .
Requirements Requirements
gforgg;ested Per Completed Per Completed Per g;:orgglsited per
5M D5 - - - Stress Migration - - Technalo Process Technology ~ Process Technology Technalo
1ology Requirements Requirements 1ology
Requirements Requirements
Test Group E - Electrical Verification Tests
AEC QL00- 2000
ESD E2 002 1 3 ESD HBM - Volts 1730 17310 30
AEC Q100- - 500 -
ESD E3 011 1 3 ESD CDM Volts 130 30
AEC Q100- ! Per AEC .
LU E4 004 1 il Latch-Up Q100-004 1780 1550 16 160
) Cpk=1.67
ED Es | AECQLO0- 4 3p  Electrical Room, hot, - 1200 29010 2/90/0 /0010
00 Distributions and cold

Additional Tests

QBS Reference QBS Reference

QBS Reference

= Preconditioning was performed for Autoclave, Unbiased HAST, THBE/Biased HAST, Temperature Cycle, Thermal Shock, and HTSL, as applicable

« The following are equivalent HTOL options based on an activation energy of 0.7eV : 125C/1k Hours, 140C/480 Hours, 150C/300 Hours, and 155C/240 Hours
# The following are equivalent HTSL options based on an activation energy of 0.7eV : 150C/ 1k Hours, and 170C/420 Hours

= The following are equivalent Temp Cycle options per JESD47 : -55Cr125C/700 Cycles and -65C/150C/500 Cycles

prenon | eI

Texas Instruments Incorporated TI Information - Selective Disclosure
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Ambient Operating Temperature by Automotive Grade Lewvel:

Grade 0 (or E): -40C to +150C
Grade 1 {or Q): -40C to +125C
Grade 2 (or T): -40C to +105C
Grade 3 {(or [} : -40C to +85C

" & & @

El (TEST]): Electrical test temperatures of Qual samples (High temperature according to Grade level):

* RoomHotCold : HTOL, ED
* RoomHot : THB / HAST, TC / PTC, HTSL, ELFR, ESD & LU
Room : ACuHAST

Quality and Environmental data is available at TI's external Web site: hitp A i com/
Tl Qualification |D: R-NPD-2206-022

[1]-Cne unit failed Vio due to bad Bl socket contact

see 8D attached to eQDE.

[2]-Three units failed Vio due to bad Bl socket contact

one EOS failure due to reverse-insertion - discounted
see 4C & 8D attached to eQDEB.

Automotive Qualification Summary
(As per AEC and JEDEC Guidelines)

Q006 TSSOFP at MLA
Approve Date 20-APRIL -2023

Qual Device: QBS Process Reference: QBS Package Reference: QBS Package Reference:
DPA4992QPWRQ1 OPAZ2991QDGKRQ1 SN74HCS74QPWRQ1 TLVI004QPWRQ1

Automotive Grade Level Grade 1 Grade 1 Grade 1 Grade 1
Operating Temp Range (C) -4010 125 -4010 125 -40 10 125 -4010125
Product Function Signal Chain Signal Chain Logic Signal Chain
‘Warfer Fab Supplier RFAB RFAB RFAB RFAB
Assembly Site MLA HFTFAT MLA MLA
Package Group TSSOP V3S0P TS50P TSS0P
Package Designator PW DGK PW PW

Pin Count 14 8 14 14

Qualification Results

Data Displayed as: Number of lots / Total sample size / Total failed

Texas Instruments Incorporated TI Information - Selective Disclosure PCN# 20240411004.2



Test Group A - Accelerated Environment Stress Tests

Min . . .
- ?_gtj o cnzso1 QUG T?E!?DREferencgl

JEDEC
J-5TD-
PC Al 020 3 77 Preconditioning MSL1 260C - - 3/Pass 3/Pass -
JESD22-
All3
SAM Precon Review for
PC ALl - 3 22 Pre delamination 3/66/0 36610 -
SAM Precon Review for
PC Al2 - 3 22 Post delaminaton " - 3/66/0 31660 -
JEDEC
HAST A21  JESD22- 3 77 Biased HAST 130C/85%RH 96 Hours - 32312 3123110 -
All0
Cross Section, Post stress
HAST A212 - 3 1 postbHAST 1% | cross section Completed - 31310 31310 -
Wire Bond
HAST A213 - 3 3 Shear, post Poststress - - 3/9/0 3/8/0 -
DHAST, 1X
Bond Pull over
HAST Az214 - 3 3 Stitch, post Poststress - - 3/9/0 31840 -
DHAST, 1X
Bond Pull over
HAST A215 - 3 3 Ball, post Poststress - - 3/9/0 3/8/0 -
DHAST, 1X
JEDEC
HAST A22 JESD22- 3 70 Biased HAST 130C/B5%RH 192 Hours - 372310 3123110 -
All0
SAM Analysis, Review for
HAST A221 - 3 22 DOStOHAST 2X  delamination Completed = - 3/66/0 36610 -
Cross Section, Post stress
HAST A222 - 3 1 postbHAST 2X | cross section Completed - 31310 31310 -
Wire Bond
HAST A223 - 3 3 Shear, post Poststress - - 3/9/0 3/8/0 -
DHAST, 2X
551/ - - Qual Device: QBS Reference: QBS Reference: QBS Reference:
Lot | TestName | Condiion | Duration | opp40970PWRQI | OPA2991QDGKRQI | SN7AHCSTAQPWRQL | TLV90D4QPWRQL
Bond Pull over
HAST A224 - 3 3 Stitch, post Poststress - - 3/9/0 3/9/0 -
BHAST, 2X
Bond Pull over
HAST A2z25H - 3 3 Ball, post Poststress - - 3/9/0 38/0 -
DHAST, 2X
JEDEC
JESD22-
AlD4 Temperature 500
TC A4l 3 7 Cycle -65C/150C Cycles 323110 3123110 -
Appendix
3
SAM Analysis, Review far
TC A411 - 3 22 post TC 1 delamination  completed | - 3/66/0 316610 -
Cross Section, Poststress
TC Ad4l12 - 3 1 post TC, 1K cross section | —ompleted - 31310 31310 -
Wire Bond
TC A413 - 3 3 Shear,post TC, Poststress - - 3/9/0 38/0 -
1X
Bond Pull over
TC Ad4l4 - 3 3 Sfitch, post TC, ~ Poststress - - 3/9/0 3/9/0 -
1X
Bond Pull over
TC A415 - 3 3 Ball, post TC, Poststress - - 3/9/0 38/0 -
1X
JEDEC
JESD22-
ALD4 Temperature 1000
TC Ad2 T 3 0 Cycle -65C/150C Cycles - 323110 3123110 -
Appendix
3
SAM Analysis, Review far
TC Ad421 - 3 22 post TC, 2% delamination  —ompleted | - 3/66/0 316610 -
Cross Section, Poststress
TC A422 - 3 1 post TC, 2X cross section | —ompleted | - 31310 31310 -
Wire Bond
TC Ad23 - 3 3 Shear,post TC, Poststress - - 3/9/0 38/0 -
2K
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Test Name

Bond Pull over

Qual Device: QBS Reference:

Condition OPA49920PWRQ1 | OPA29910DGKRQL

Duration

QBS Reference:
SN74HCST4QPWRQ1

QBS Reference:
TLVI004QPWROQ1

TC A424 - 3 3 Stitch, post TC,  Poststress - - 3/9/0 319/0 -
2%
Bond Pull over
TC Ad25 - 3 3 Ball, post TC, Post stress - - 3/9/0 39/0 -
2K
JEDEC High 1000
HTSL A6.1 JESD22- 3 45 Temperature 150C Hours - - 311350 -
Al03 Storage Life
JEDEC High
HTSL A6.1 JESD22- 3 45 Temperature 175C 630 Hours - 3113510 - -
Al03 Storage Life
Cross Section,  Poststress
HTSL A611 - 3 1 postHTSL, 1X  cross section Completed - 37310 3130 -
JEDEC High 2000
HTSL AG6.2 JESD22- 3 44 Temperature 150C Hours - - 31350 -
Al03 Storage Life
JEDEC High 1000
HTSL A62 JESD22- 3 44 Temperature 175C Hours - 3/135/0 - -
Al03 Storage Life
Cross Section, ~ Poststress R R
HTSL A621 - 3 1 postHTSL, X cross section Completed 37310 3130
Test Group C - Package Assembly Integrity Tests
AEC Min?mum of 5
WBs C1  QI00- 1 30 | greBond gevices, 30 yyireg 1300 21900 3190/0 113000
001 ear wires
Cpk=1.67
MIL- Minimum of 5
5TD8S3 devices, 30
WEBP C2 Method 30 Wire Bond Pull wires Wires 1/30/0 379010 390/0 1/30/0
2011 Cpk=1.67

QBS: Qual By Similarity

Qual Device OPA49920PWRQL is qualified at M5L1 260C

Preconditioning was performed for Autoclave, Unbiased HAST, THB/Biased HAST, Temperature Cycle, Thermal Shock, and HTSL, as applicable
The following are eguivalent HTOL options based on an activation energy of 0.7e\/ : 125C/1k Hours, 140C/480 Hours, 150C/300 Hours, and 155C/240 Hours

+ The following are equivalent HTSL options based an an activation energy of 0.7V : 150C/1k Hours, and 170C/420 Hours
» The following are equivalent Temp Cycle options per JESDAT - -55C125C/700 Cycles and -65C/150C/H00 Cycles

Ambient Operating Temperature by Automotive Grade Level:

® Grade 0 {or E): -40C to +150C
® Grade 1 {or ): -40C to +125C
* (Grade 2 {or T): -40C to +105C
* (Grade 3 {or [} - -40C 1w +85C

E1 (TEST): Electrical test temperatures of Qual samples (High temperature according to Grade level):

Room/Hot'Cold : HTGOL, ED

Room/Hot : THB f HAST, TC/ FTC, HTSL, ELFR, ESD & LU

Foom - ACIUHAST

Quality and Environmental data is available at TI's external Web site: hito fiaaneti.com/

TI Qualification 1D: R-MPD-2206-022

Texas Instruments Incorporated
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Tl Information
Selective Disclosure

Automotive New Product Qualification Summary
(As per AEC-Q100 and JEDEC Guidelines)

OPA2992QDRQ1
Approve Date 03-MARCH -2023

Product Attributes

Qual Device: QBS Reference: QBS Reference:
Attributes

OPAZ9920DRQ1 OPAZ991QDGKRQ1 OPAZ991QDRQ1L
Automotive Grade Level Grade 1 Grade 1 Grade 1
Operating Temp Range (C) -40 to 125 -40 to 125 -40to 125
Product Function Signal Chain Signal Chain Signal Chain
‘Warer Fab Supplier RFAB RFAB RFAB
Assembly Site MLA HFTRAT MLA
Package Group s0IC VS50P s0IC
Package Designator D DGK D
Pin Count a8 8 a8

* (QBS: Qual By Similarity
* Qual Device OPA2992QDRQ1 is qualified at M5L1 260C
Qualification Results

Data Displayed as: Number of lots / Total sample size / Total failed

- 551 _ Qual Device: QBS Reference: QBES Reference:
L Test Spec Test Name Duration | ,pr50090DRQ1 | OPA20910DCGKRQL | OPA20910DRQL

Test Group A - Accelerated Environment Stress Tests

JEDEC J-5TD-020

PC Al Eenoraiiz 3 77 Preconditioning = MSL1 260C 1Step 4770 3/0/0 3/92410
HAST a2 JEDECJESDZ2- 4 77 Biased HAST  110C/E5%RH 204 U770 -
AL10 Hours
HAST Az  JEDECJESDZZ- 4 77 Biased HAST  130C/85%RH | 20 - 3023172 3723110
AL10 Hours
JEDEC JESD22- o
AC/UHAST A3 AL02/JEDEC 3 77 Autoclave 121C/15psig b - 3023100
JESD22-A118 ours
JEDEC JESD22- 06
AC/UHAST A3 A102/JEDEC 3 77 Unbiased HAST = 130C/85%RH | U770 - 3/231/0
JESD22-A118 ours
JEDEC JESD22-
11 A4 AL04 and 3 77 (T:E"”Ipe'amm -65C/150C 500| U770 3/231/0 3123110
Appendix 3 yeie Cycles
MIL-STDB83 Post Temp
TC-BP A4 Method 2011 1 5 Cycle Bond Pull : vsi0 ) 1is/0
JEDEC JESD22- High 1000
HTSL A8 aios 1 45  Temperature 150C H 1/45/0 - 3/135/0
N ours
Storage Life
i High
HTSL ap  JEDECJESDZ2- 45  Temperature 175C 630 - 3/135/0
Al03 . Hours
Storage Life

Test Group B - Accelerated Lifetime Simulation Tests

JEDEC JESDZ22- - 300
HTOL B1 AL08 1 T7 Life Test 150C Hours 4770 -
JEDEC JESD22- - 408 B 1
HTOL B1 Al08 1 77 Life Test 150C Hours 32311
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Early Life

ELFR B2 Failure Rate

AEC Q100-002 1 77

125C

Hours

3/240042

Test Group C - Package Assembly Integrity Tests

Wire Bond Minimum of 5
WEBS C1  AEC Q100-001 1 30 devices, 30 Wires 1/30/0 3/90/0 3/30/0
Shear -
wires Cpk=1.67
Minimum of 5
WEBP cz  ML-STD383 1 30 WireBond Pull | devices, 30 Wires 130/ 3/90/0 3/90/0
Method 2011 :
wires Cpk>1.67
. »95% Lead
SD C3  JEDEC J-STD-002 1 15 PB Solderability 00 - - 11510
FB-Free >05% Lead
SD C3  JEDEC J-STD-002 1 15 Solderability Coverage . - 11150
JEDEC JESD22- Physical
Fo €4 B1ooandB108 10 Dimensions Cpk>167 - 1/10/0 212010 /200

Test Group D - Die Fabrication Reliability Tesis

Completed Per

Completed Per

Completed Per

I Process Process
EM D1 JESDGE1 - - Electromigration = - - Technology ;rucsi?:ntiirgology Technology
Requirements q Requirements
Time Completed Per Completed Per
TDDE D2  JESD35 - - Dependent - - Process gfurgep;t?gcﬁ:no Process
Dielectric Technology Requirements ay Technology
Breakdown Requirements q Requirements
Completed Per Completed Per
HCI D3  JESD60& 28 - - Hot Carrier - - Process gfurgep;t?gcﬁ:no Process
Injection Technology Requirements ay Technology
Requirements &a Requirements
MNegative Bias Eampleted per Completed Per Completed Per
rocess Process
NETI D4 - - - Temperature - - Technology Process Technology Technology
In ity Requirements Requirements Requirements
Completed Per Completed Per Completed Per
sm D5 - - - Stress Migration - - Process Process Technology | oCoSS
9 Technology Requirements ay Technology
Requirements q Requirements
Test Group E - Elecirical Verification Tests
2000
ESD E2 AEC Q100-002 1 3 ESD HBEM - Volts 17310 1/3/0 1/3/0
500
ESD E3 AEC Q100-011 1 3 ESD CDM - Volts 17310 - 1/3/0
Lu E4 AEC Q100-004 1 6 Latch-Up ESLAEC Q100- 1/6i0 L/6/0 1/6/0
Electrical Cpi>167
ED ES AEC Q100-009 3 30 Distributions CR;gm, hot and - 1/30/0 3/90/0 3/90/0
Additional Tests
Min S5/
Type # Test Spec Lot Test Name Condition Duration | Qual Device QBS Reference QBS Reference
Qty

* Preconditioning was performed for Autoclave, Unbiased HAST, THE/Biased HAST, Temperature Cycle, Thermal Shock, and HTSL, as applicable
* The following are equivalent HTOL options based on an activation energy of 0.7eV : 125C/1k Hours, 140C/480 Hours, 150C/300 Hours, and 155C/240 Hours

* The following are equivalent HTSL options based on an activation energy of 0.7eV : 150C/1k Hours, and 170C/420 Hours

* The following are equivalent Temp Cycle options per JESD47 : -55C/125C/700 Cycles and -65C/150C/500 Cycles

Grade Level:

P by A

* Grade O (or E): -40C to +150C

* Grade 1 (or Q):
* Grade 2 (or T):

-40C to +125C
-40C to +105C

* Grade 3 (or [} : -40C to +85C

E1 (TEST): Electrical test P ures of Qual

{High p ure g to Grade level):

* Room/Hot'Cold : HTOL, ED
® Room/Hot: THB /HAST, TC / PTC, HTSL, ELFR, ESD & LU
*® Room : AC/UHAST

Quality and Environmental data is available at TI's external Web site: http/Awww.ii.com/
Tl Qualification ID: R-NPD-2206-097

[1]-Discounted - Bad Socket Contact.
[2]-Discounted - Bad Socket Contact.
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Automotive Qualification Summary
(As per AEC and JEDEC Guidelines)

Q006 SOIC at MLA
Approve Date 03-MARCH -2023

Qual Device: QBS Process Reference: QBS Package Reference:
Attributes
OPA2992QDRQ1 OPA2991Q0DGKRQL OPA2991QDRQ1
Automotive Grade Level Grade 1 Grade 1 Grade 1
Operating Temp Range (C) -401t0 125 -40t0 125 -40t0 125
Product Function Signal Chain Signal Chain Signal Chain
Wafer Fab Supplier RFAB RFAB RFAB
Assembly Site MLA HFTFAT MLA
Package Group SOIC VSS0P SQIC
Package Designator ] DGK o]
Pin Count 8 8 8

Qualification Results

Data Displayed as: Number of lots / Total sample size | Total failed

Min ey
Type Test Spec Lot Test Name Duration
Qy |

Test Group A - Accelerated E

ronment Stress Tests

QBS Reference:
OPA29910DGKRQ1

QBS Reference:
OPA29910DRO1

JEDEC J-STD-
PC Al | 020 JESD22- 3 77 Precondioning | MSL1260C - - 3/Pass 3/924/0
A113
PC ALl |- 3 22 SAMPreconpre | eviewfor . . 36610 306610
delaminaticn
PC  Al2 3 22 SAMP pogt | Reviewior 2/66/0 3/66/0
b - recon Fos delamination - -
HAST A21 | SDECIESDZZ 5 77 Biased HAST 130C/85%RH 96Hours | - 32312 372310
Cross S}BC“O", Post stress cross ~
HAST A212 - 3 1 CoStBHAST 1X | seon Completed 330 37300
Wire Bond Shear,
HAST A213 - 3 3 postbHAST 1% | Poststess - - /90 3/9/0
Bond Pull over
HAST A214 - 3 3 Stitch, post Post stress - - /90 3/9/0
BHAST, 1X
Bond Pull over
HAST A215 - 3 3 Ball, postbHAST, | Post stress - - /90 3/9/0
1X
HAST A22 i'itl}gc JESD22- | 4 70 Biased HAST 130C/85%RH 192 Hours | - 323100 3123100
_ SAM Analysis, Review for -
HAST A221 3 22 CNASEIX | acmimation Completed 3/66/0 3/66/0
Cross Section, Post stress cross
HAST A222 - 3 1 poStOHAST.2X | section Completed - 330 37300
‘Wire Bond Shear,
HAST A223 - 3 3 DostbHAST D | Poststess - - /90 3/9/0
Bond Pull over
HAST Az24 - 3 3 Stitch, post Post stress - - 37910 3/9/0
bHAST, 2X

Texas Instruments Incorporated
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Min "
- = Device: S Reference: S Reference:
. LESEETEE LI CEEETE Duration | (,5a99920DRQ1 OPQ.EZQ!MQDGKR SIE'AZQMQDRQI
Qty e e
Bond Pull over
HAST A225 | - 3 3 Ball, post bHAST, Post stress - - 3/9/0 31910
2¥
JEDEC JESD22- T tu 500
TC  A41  Al04and 3 T Smerale -65C/150C s - 3123110 3123100
Appendix 3 ye Cye
SAM Analysis, Review for
TC Ad11 - 3 22 post TC 1X delamination Completed - 3/66/0 3/66/0
Cross Section, Post stress cross -
TC A412 | - 3 1 post TC, 1X section Completed 330 31300
Wire Bond Shear,
TC Ad13 - 3 3 post TC, 1X Post stress - - 3/9/0 31910
Bond Pull over
TC Adl4 - 3 3 Stitch, post TC, 1X Post stress - - 3/9/0 3/9/0
Bond Pull over
TC A415 | - 3 3 Ball, post TC, 1X Post stress - - 3/9/0 31910
JEDEC JESD22-
TC  A42 | Alod4and 3 70 [Emperare -65C/150C (1:22&5 - 372310 3723110
Appendix 3 ye
SAM Analysis, Review for
TC A421 - 3 22 post TC, 2X delamination Completed - 3/66/0 3/66/0
Cross Section, Post stress cross
TC A422 | - 3 1 post TC, 2X section Completed - 330 31300
Wire Bond Shear, ~ -
TC A423 - 3 3 postTC, 2X Post stress 3/9/0 31910
Bond Pull over
TC AdZ24 - 3 3 Stitch, post TC, 2X Post stress - - 3/9/0 3/9/0
Bond Pull over
TC A425 | - 3 3 Ball, post TC, 2X Post stress - - 3/9/0 31910
JEDEC JESD22- High Temperature 1000 - R
HTSL A61 7103 3 45 Storage Lite 150C Hours 3113510
JEDEC JESD22- High Temperature -
HTSL A6.1 AL02 3 45 Storage Life 175C 630 Hours 31350
- Device: QBS Reference: QBS Reference:
Type EstEE TR Duration | (5 59020DRQL | OPAZ991QDGKRQ1 | OPA29910DRQL
Cross Section, Post stress cross
HTSL A611 - 3 1 postHTSL, 1X section Completed - 330 3/3M0
JEDEC JESDZ22- High Temperature 2000 -
HTSL A6.2 2103 3 44 Storage Life 150C Hours 3/135/0
JEDEC JESD22- High Temperature 1000 - R
HTSL | A8.2 A103 3 44 Storage Life rsc Hours 311350
Cross Section, Post stress cross
HTSL A621 - 3 1 post HTSL, 2X section Completed - 330 3/30
Test Group C - Package Assembly Integrity Tests
Minimum of 5
WBs Ci1 AEC Q100-001 1 30 Wire Bond Shear | devices, 30 wires Wires 1/30/0 3/90/0 3/90/0
Cpk=167
Minimum of 5
wep cz | MIL-STDEE3 1 30 WireBondPull | devices, 30wires | Wires 1300 3/90/0 3/90/0
Method 2011 Cpk=1.67

QBS: Qual By Similarity

Qual Device OPAZ29920QDRQ1 is qualified at MSL1 260C

Preconditioning was performed for Autoclave, Unbiased HAST, THB/Biased HAST, Temperature Cycle, Thermal Shock, and HTSL, as applicable
The following are equivalent HTOL options based on an activation energy of 0.7eV : 125C/1k Hours, 140C/480 Hours, 150C/300 Hours, and 155C/240 Hours
The following are equivalent HTSL options based on an activation energy of 0.7eV : 150C/1k Hours, and 170C/420 Hours
The following are equivalent Temp Cycle options per JESDA47 : -55C/125C/700 Cycles and -65C/150C/500 Cycles

Grade 0 (or E): -40C to +150C
Grade 1 (or Q): -40C to +125C
Grade 2 (or T): -40C to +105C
Grade 3 (or [} : -40C to +85C

Grade Level:

El (TEST): Electrical test P

Room/Hot/'Cold : HTCL, ED

Texas Instruments Incorporated

ures of Qual

{High temp

TI Information - Selective Disclosure

g to Grade level):
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® Room/Hot: THB/HAST, TC/PTC, HTSL, ELFR, ESD & LU
* Room : AC/uHAST

Quality and Environmental data is available at TI's external Web site: hitp www.ti.com/

Tl Qualification ID: R-NPD-2206-097

ZVEI ID’s: SEM-DE-03, SEM-PW-02, SEM-PW-09, SEM-PW-13, SEM-PA-08, SEM-TF-01, SEM-
PA-18, SEM-PA-11, SEM-PA-05

For questions regarding this notice, e-mails can be sent to the Change Management team or
your local Field Sales Representative.

IMPORTANT NOTICE AND DISCLAIMER
TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES
(INCLUDING REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY
INFORMATION, AND OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES,
EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible
for (1) selecting the appropriate Tl products for your application, (2) designing, validating and testing your
application, and (3) ensuring your application meets applicable standards, and any other safety, security, or
other requirements. These resources are subject to change without notice. Tl grants you permission to use
these resources only for development of an application that uses the Tl products described in the resource.
Other reproduction and display of these resources is prohibited. No license is granted to any other Ti
intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for,
and you will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and
liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other
applicable terms available either on ti.com or provided in conjunction with such Tl products. Tl's provision
of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers
for Tl products.
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