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Reliability Evaluation Report

Automotive grade qualification

TSSOP8 Amkor

General Information

Product Line

Product Description

P/N

Product Group

Product division

Package

Silicon Process technology

0158, 0393, 0922
Low-power dual operational
amplifier, Low power dual
voltage comparator, Rail-to-
rail high output current dual
operational amplifier
LM2904YPT, LM2903YPT,
TS922IYPT

AMG

General Purpose Analog
TSSOPS8

BIPOLAR, HF2CMOS

Wafer fab

Assembly plant

Reliability Lab

Locations
AMK6

Amkor ATP1 (Philippines)

Grenoble

Note: This report is a summary of the reliability trials performed in good faith by STMicroelectronics in order to evaluate the potential reliability risks
during the product life using a set of defined test methods.
This report does not imply for STMicroelectronics expressly or implicitly any contractual obligations other than as set forth in STMicroelectronics general
terms and conditions of Sale. This report and its contents shall not be disclosed to a third party without previous written agreement from

STMicroelectronics.
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1 APPLICABLE AND REFERENCE DOCUMENTS

Document reference Short description
AEC-Q100 Stress test qualification for automotive grade integrated circuits
AEC-Q101 Stress test qualification for automotive grade discrete semiconductors
JESD47 Stress-Test-Driven Qualification of Integrated Circuits
0061692 Reliability tests and criteria for qualifications
2 GLOSSARY
DUT Device Under Test
PCB Printed Circuit Board
SS Sample Size

3 RELIABILITY EVALUATION OVERVIEW

3.1 Objectives

To perform the automotive qualification for the TSSOP8 produced in Amkor Philippines, based on the AECQ100
specification.

3.2 Conclusion

Qualification Plan requirements have been fulfilled without exception. It is stressed that reliability tests have
shown that the devices behave correctly against environmental tests (no failure). Moreover, the stability of
electrical parameters during the accelerated tests demonstrates the ruggedness of the products and safe
operation, which is consequently expected during their lifetime.

Reliability agreement to start Maturity 30 validation.

Internal Reliability Evaluation Report Page 3/19
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4 DEVICE CHARACTERISTICS

4.1 Device description

KYI LM2904, LM2904A

Low-power dual operational amplifier

Features
m internally frequency-compensated ‘E‘ﬁ,ﬂ
m Large DC voltage gain: 100 dB N
® Wide bandwidth (unity gain): 1.1 MHz DiPa
{temperature compensated) {Plastic package)
B Very low supply currentfamplifier, essentally
independent of supply voltage %
® Low input bias current: 20 nA (temperature
compensated) D

50-8

B Low input offset current: 2 nA (Plastic micropackage)

B Input common-mode voltage range includes

negative rail
. -

Differential input voltage range equal to the
power supply voltage p
m Large output voltage swing 0 Vto (Voo -1.5 V) TSS0OPs
{Thin shrink small outline package)
Description

This circuit consists of two independent, high *
gain, internally frequency-compensated

operational amplifiers designed specifically for S

automative and industrial control systems. It MinisO-8

operates from a single power supply over a wids

range of voltages. The low power supply drain is ‘

independent of the magnitude of the power supply

voltage. Q2

Application areas include transducer amplifiers, DFN’B 2 X 2 mm
(Plastic micropackage)

DC gain blocks and all the conventional op-amp
circuits which can now be more easily
implemented in single power supply systems. For
exampls, thess circuits can be directly supplied
from the standard +5 V which is used in logic
systems and easily provides the requirad

7 Hev
interface electronics without requining any LNt n Vo
additional power supply. Invareng mpan & 2 lz] g Dotk B

Pin connections (top view)

’ . Mannvrirg ingal & 1| 11 6 Imvesting npus 8
In the linear mode, the input commaon-mode

vaoltage range includes ground and the output Ve 4]
voltage can also swing to ground, even though
operated from a single power supply.

11 & Morsmverting input 8

January 2012 Doc 1D 2471 Rev 14 1724

Internal Reliability Evaluation Report Page 4/19



S71

life.augmented

5-Apr-2017

Report ID 2017-W14 TSSOPS8

7

LM2903

Low-power dual voltage comparator

Features

m Wide single supply voltage range or dual

supplies +2 Vo 436 V or +1 Vio 218 Y

Very low supply current (0.4 mA) independent
of supply valtage (1 mW/comparator at +5 V)

Low input bias current: 25 nA typ.
Low input offset current: £5 nA typ.

Input common-mode voliage range includes
negative rail

Low ocutput saturation voltage:

250 mV typ. (lg =4 ma)

Differential input voltage range equal to the
supply voltage

TTL, DTL, ECL, MOS, CMOS compatible
outputs

B Automotive gualification

Description

This device consists of two independent low-
power voltage comparators designed specifically
to operate from a single supply over a wide range
of voltages. Operation from sphit power supplies is
also possible.

The device also has a unique characteristic in that
the input common-mode voltage range includes
the negative rail even though operated from a
single power supply voltage.

Datasheat — production data

N
DiPa
{Plastic package)

-

D
50-8
{Plastic micropackage)

*

P
TS50Ps
{Thin shrink small cutline package)

®

DFN8 2x2 mm
{Plastic micropackage)

December 2012

Tris Is informalion on & product in full production.

Doc 1D 2470 Rev 10 118

WWWL.SLEOm
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K’I TS922, TS922A

Rail-to-rail high output current dual operational amplifier

Features
m Rail-to-rail input and output \
® Low noise: 9 nV/ Hz J
® Low distortion (Flip-chip)
m High output current: B0 mA

(able to drive 32 (2 loads) .
m High-speed: 4 MHz, 1 Vius %
m Operating from 2.7 to 12V D
m Low input offset voltage: 900 pV max (TS9224) (Plast S{}-B kage)
B ESD internal protection: 2 kV ASHe micTopackags
m Latch-up immunity
m Macromodel included in this specification \
B Dual version available in flip-chip package

P

Applications TSS0Ps

PP (Thin shrink small cutline package)
m Headphone amplifiers
B Sound cards, multimedia systems .‘ﬁ
m Line drivers, actuator drivers N
m Servo amplifiers DIPa
m Maobile phones and portable equipment (Plastic package)
B Instrumentation with low noise as key factor
m B lectri ker drr

mEoiECic Speater divers The device is stable for capacitive loads up to
.. 500 pk

Description
The TS922 iz a rai-to-rail dual BICMOS
operational amplifier optimized and fully specified
for 3 and 5 V operation.
The device’s high output current allows low-load
impedances to be driven.
Very low noise, low distortion, low offset and a
high output current capability make this device an
excellent choice for high quality, low voltage or
battery operated audio systems.
February 2010 Doc ID 5150 Hev 8 1721

WIAW.SLCOm
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4.2 Construction note

LM2904YPT LM2903YPT L M 2903PT TS922IYPT TS972YIPT
Wafer/Die fab. information
Wafer fab manufacturing location ST AMK6 ST AMK6 ST AMK6 ST AMK6 ST AMK6
Technology BIPOLAR BIPOLAR HBIP40 HF2CMOS HF2CMOS
Process family BIP BIP BIP BiCMOS BiCMOS
Die finishing back side Raw Silicon Raw Silicon Raw Silicon Raw Silicon Raw Silicon
Die size 1070x1010pm? 950x870um? 870x590um? 1720x1190pm? 1100x960um?
Bond pad metallization layers AISiCu AlISiCu AlISiCu AISiCu AISiCu
Passivation type Nitride Nitride Nitride Nitride+Pvapox Nitride+Pvapox
Poly silicon layers
Wafer Testing (EWS) information
Electrical testing manufacturing location ST Singapore ST Singapore ST Singapore ST Singapore ST Singapore
Tester ASL1K ASL1K ASL1K ASL1K ASL1K
Assembly information
Assembly site Amkor ATP1 Amkor ATP1 Amkor ATP1 Amkor ATP1 Amkor ATP1
Package description TSSOP8 TSSOP8 TSSOP8 TSSOP8 TSSOP8
Molding compound Sumitomo EME-G700 Sumitomo EME-G700 Sumitomo EME-G700 Sumitomo EME-G700 Sumitomo EME-G700
Frame material Cu Cu Cu Cu Cu
Die attach process Glue Glue Glue Glue Glue
Die attach material ABLESTICK 8290 ABLESTICK 8290 ABLESTICK 8290 ABLESTICK 8290 ABLESTICK 8290
Die pad size 2.5x2.2 mm? 2.5x2.2 mm? 2.5%x2.2 mm? 2.5x2.2 mm? 2.5x2.2 mm?
Wire bonding process Wire Wire Wire Wire Wire
Wires bonding materials/diameters Au 1 mil Au 1 mil Au 1 mil Au 1 mil Au 1 mil
Lead finishing process Electroplating Electroplating Electroplating Electroplating Electroplating
Lead fini_shing/bump solder miterial Matte Sn Matte Sn Matte Sn Matte Sn Matte Sn
Final testing information
Testing location Amkor Amkor Amkor Amkor Amkor
Tester ASL1K ASL1K ASL1K ASL1K ASL1K

Internal Reliability Evaluation Report
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5 TESTS RESULTS SUMMARY

5.1 Test vehicle

Lot .
4 Techno/package Product Line Comments

1 Bipolar/TSSOPS8 0158

2 Bipolar/TSSOP8 0393

3 HBIP40/TSSOPS8 0393

4 HF2CMOS/TSSOP8 0922

5 HF2CMOS/TSSOP8 0462

Detailed results in below chapter will refer to P/N and Lot #.

5.2 Test plan and results summary

P/N LM2904YPT, LM2903YPT, LM2903PT, TS952IYPT

" Failure/SS
Test PC Std ref. Conditions SS Steps Tot 1 | ot 2 | Lot 3 |Lot 4| Toi5 Note
Die Oriented Tests
L 168H | 0/78 | 0/78 | 0/78 0/78
HTOL HTB | N JE_sllagz IJT.‘_115205% g'lAAg 1000 H | 0/78 | 0/78 | 0/78 0/78 @)
) 1500 H | 0/78 | 0/78 | 0/78 0/78 (1)
JESD22 aene 168 H 0/78 0/78
HTSL A-103 Ta=150"C 1000 H 0/78 0/78 @)
ELFR AEC Q100-008 Tj = 125°C, BIAS, 48h 48 H | 0/800 0/200 @)
Drying 24 H @ 125°C
PC Jii‘igz Store 168 H @ Ta=85°C Rh=85% Final
Over Reflow @ Tpeak=260°C 3 times
JESD22 _ oo 96H | 0/78 0/78 0/78
AC Y A-102 Pa=2Atm / Ta=121°C 168H | 0/78 078 078
JESD22 _ rre . 100cy | 0/78 0/78 0/78
TC M A-104 Ta =-65°C 10 150°C 1000 cy | 0/78 0/78 0/78 @)
JESD22 _ aro _ aro 168 H | 0/78 0/78 0/78
THB | Y A-101 Ta=85°C, RH = 85%, BIAS 30V 1000 H | 0/78 0/78 0/78 @)
GL | N | AECQ100-006 | Electro-thermally Induced Gate Leakage | 6 96H | 0/10 | 0/10 | o/6 | 0/6 | |
Note (1): Measurement performed before and after stress, at HOT & ambient temperature

Internal Reliability Evaluation Report

Page 8/19




71

fe.augmented 5-Apr-2017 Report ID 2017-W14 TSSOP8

6 ANNEXES

6.1.1 Bonding diagram
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6.1.2 Package outline

® APM —AMPS C811TSBI

Physical dimensions TSSOP8 Amkor Philippines

PURPOSE: To check the physical dimension of TSSOPS package produced in Amkor
Philippines.

REFERENCE: Automobile Electronics Council - Q100 - Rev.G
("Stress test qualification for packaged integrated circuits")

POA 0079397

(25 [+

HERH |

APM Grenoble — AMPS

Internal Reliability Evaluation Report Page 11/19
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® APM —-AMPS C811TSBI

Results:
Dimensions Specification Data

items min. max. Min. Max. Mean StDev Cpk
A: Pkg thickness (total) 0.90 1.10 0.98 1.02 1.00 0.012 272
A1 : stand-off 200 6.00 3.74 432 4.00 0.207 3.22
A2: Pkg thickness (body) 0.85 0.95 0.88 091 0.80 0.009 182
b: lead width 748 11.81 8.71 9.52 912 0.278 1.97
c: lead thickness 354 7.87 6.14 6.59 542 0.159 3.04
D : pkg length (total) 290 3.10 295 297 296 0.008 258
D1: pkg length (body) 290 3.10 295 297 2.96 0.008 258
D2 : epad,slug length NA NA NA NA NA NA NA
E : pkg width (total) 6.25 6.50 6.38 642 6.40 0.014 2.3
E1: pkg width (body) 430 450 438 440 439 0.006 51
E2 : epad,slug width 215 225 NA NA NA NA NA
e: lead pitch 0.60 0.70 0.64 0.65 0.65 0.005 3.00
L: foot length 18.00 30.00 2033 2275 21.96 0.721 1.83
L1: lead length 094 1.06 0.99 1.02 1.00 0.011 1.82
K: foot angle 0.00 8.00 1.53 1.97 1.76 0.151 3.89
cce: coplanarity - 3.00 0.42 0.88 0.68 0.164 472

Results conform to ST specification.

Performed on 30 units from lot CZ8410XK
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6.1.3 Bonding strength (WBS/WBP)

APM -AMPS C811BABI1

Bonding Pull Test for TSSOP8 package assembled in
Amkor ATP Philippines

PURPOSE : To evaluate the gold wire bonding in TSSOPR package produced in Amkor.

REFERENCE : Automobile Elcctronics Council - Q100 - RevF (July 18% . 2003)
("Stress test qualification for packaged integrated circuits™)

METHOD :

Bond Pull strength (reference M2011). :

ST microelectronics reference : 0074539 "standard pull test procedure”
Sample size : 30 bonds from a minimum of 5 devices

Chemical etching.

Test Vehicle description:

TV1
Line 0158
Plant Amkor Philippines
Sales Type LM2304PT
FE process Bipolar Ang Mo Kio
Package TSSOP8
Die size (um) 1070 x 1010
Metallisation AlSiCu
Plating Sn
Molding compoud SUMITOMO G700A
Wire Gold 1 Mil
Leadframe Copper + Ag spot
Die attach ABLESTICK 8290
Assy lot S6134ZAF

APM - AMPS

Internal Reliability Evaluation Report Page 13/19
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APM —AMPS C811BABI1
Failure mode definitions :

© A'

0

Code 1 ball off Code 4 weldnzck brealk
Clode 3 wire break
LEAD
Code 2 ball neck break code 5 weld off

Bond shear test

ST microelectronics reference : 0040516 "Ball shear test procedure "
Opening method : Chemical etching.

Wire bonding material : gold lmil

APM - AMPS o+ ot aepen Page 14/19
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APM -AMPS CS811BABI
Wire Bond shear type :

Major portion of wire homd

4 Wire bond separaied from honding sttached 1o vrire

surface, Little o no intermetalic
on honding suface Ball or wedge honding
weld area intact
bonding surface

intact

TYPE 1: Bond Lift TYPE 2. Bend Shear - GoldiAluminum

Residual bonding surface and
subsiraie (bullc) material
attached o wire hond
Arm contacted die surface
instead of vire hond

honding surfare Lifted talong

portion of subsirade (hullc)

material boading surface separated

from die surface
TYPE 3: Cratering TYPE 4. Die Surface Contact
% Ninorpartion efwire boad
attached o wire ;

Wire hond sheared wo ! bonding surface metalisation
high. Only portion of scparated from die surface

wire hond remove

TYPE 5. Shearing Skip TYPE 8: Bonding Surface Lift

Results : Pull Test : 100% code 2
Shear test : 100% code 2.

— APM - AMPS o s Page 15/19
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Performed after thermal cycling 1000cycles (-65/+150°C)

APM -AMPS
+
No. Pull(g) | Failure mode (Pull) | ghear(g) | Failure mode (Shear)
1 296 Bond shear Gold/Aly 4601 Ball neck break
2 883 Bond shear Gold/Aly, 44 35 Ball neck break
3 8 05 Bond shear Gold/Aly, 44 36 Ball neck break
4 802 Bond shear Gold/Aly 44 38 Ball neck break
5 2 ag Bond shear Gold/Aly, 44 38 Ball neck break
6 905 Bond shear Gold/Aly, 44 54 Ball neck break
7 8.94 Bond shear Gold/Alu 44 61 Ball neck break
8 8 a7 Bond shear GoldiAlu, 45 01 Ball neck break
g 910 Bond shear Gold/Alu 45 11 Ball neck break
10 8.91 Bond shear Gold/Aly, 4523 Ball neck break
1 961 Bond shear Gold/Aly 45 32 Ball neck break
12 g 132 Bond shear Gold/Aly, 45 53 Ball neck break
13 957 Bond shear Gold/Alu 45 65 Ball neck break
14 a.45 Bond shear Gold/Alu 45 66 Ball neck break
15 9 &G Bond shear Gold/Aly 45 78 Ball neck break
16 9 B4 Bond shear Gold/Aly 4592 Ball neck break
17 9 G3 Bond shear Gold/Aly 46 10 Ball neck break
18 a 50 Bond shear Gold/Aly 46 29 Ball neck break
19 9 58 Bond shear Gold/Aly 46.43 Ball neck break
20 943 Bond shear Gold/Aly 4644 Ball neck break
1 g 22 Bond shear Gold/Alu AR BR Ball neck break
22 833 Bond shear Gold/Aly A7.07 Ball neck break
23 8 926 Bond shear Gold/Aly, 4717 Ball neck break
24 830 Bond shear Gold/Alu 47 21 Ball neck break
25 8.33 Bond shear Gold/Alu 47 .34 Ball neck break
26 824 Bond shear Gold/Aly 47 35 Ball neck break
7 847 Bond shear Gold/Alu 47 38 Ball neck break
25 8.39 Bond shear Gold/Aly, 4747 Ball neck break
29 8.59 Bond shear Gold/Aly 47 42 Ball neck break
30 2 31 Bond shear Gold/Aly 47 48 Ball neck break
Min 5.220 44.350
Max 9.640 A7.480
Average | 8.945 45.99
Stdev. 0.506 1.099
Min Lim | 3.500 12.600
Cpk 3.59 10.13

CE11BABI1

Internal Reliability Evaluation Report
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6.1.4 Solderability

TSSOPS8 solderability monitoring internal spec (90°C/90%RH 8h) solder pot SnAgCu 245°C

ST Customer Solderability Test Data

Packagel| Date S.plate Internal Lot |Steam age| Steam | Platin Solder | Tested
Category | WW d{:tg Plated Mali):hine Customer Ho. in ’ age out Chem’s?ry Pot Temp| By Result
LeadFree FOI | WW30 TH 44028 | O7/28112 A WECO-05 STHNS 23061475 0300 1100 Watte Tin 245°C  |Melia Ching | 0/5 Passed
LeadFree FOI | WW34 TM 44028 | 8232012 4|  MECO-07 STANS 23362973 15:05 2305 Watte Tin 245°C  |CelNicolas | 0/5 Passed
LeadFree FOI | WW34 TH 44028 | 0B/26M2 A WECD 04 STANS 23461838 14:45 2245 Watte Tin 245°C  |CelNicolas | 0/5 Passed
LeadFree FOI |WW35 TH 44028 | 08/2TM2 A Weco 07 STANS 23462301 1445 2245 Watte Tin 245°C  |CelNicolas | 0/5 Passed
LeadFree FOI |WW35 TH44028 | H22012A Weco 07 STANS 23561397 14:30 2230 Watte Tin 245°C  |Tats Vergarg /5 Passed
LeadFree FOI |WW35 TH4HO2D | 982012 A Weco 05 STANS 2356107 14:30 2230 Watte Tin 245°C  |Melia Ching | 0/5 Passed
LeadFree FOI |WW35 TH44024 | 262012 A Weco 07 STIFD 23860591 2255 0655 Watte Tin 245°C  |CelNicolas | 0/5 Passed
Internal Reliability Evaluation Report Page 17/19
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6.1.5 Scanning acoustic microscopy

Test vehicle LM2904YPT

After preconditioning Jedec levell:

% User [_[=]x]
Fle Edit Took Windows MainPage Help

sla|n|de =+ = s wnE
@ New2d
Sizs 100 ] ] sekaarwaveioms Cea | add |

_1| _JI o] e ] selnanvaveioms Clear | Add

FhaseGate1 ¢~ Peak  TOF € Fhase
|UT 68 QUALIF DIE ROTATION 30 pas de delamination apres precond |1

@smd o User € Soni WinlC - Version Rele.. DTG 1225 e

>Scan focused on die surface, no delamination at die surface.
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Tests Description
Test name | Description Purpose
Die Oriented
HTOL To determine the effects of bias conditions and

Higt Temperature
Operating Life

HTB
High Temperature
Bias

The device is stressed in static or dynamic
configuration, approaching the operative
max. absolute ratings in terms of junction
temperature and bias condition.

temperature on solid state devices over time. It
simulates the devices’ operating condition in an
accelerated way.

The typical failure modes are related to, silicon
degradation, wire-bonds degradation, oxide
faults.

Package Oriented

PC
Preconditioning

The device is submitted to a typical
temperature profile used for surface
mounting devices, after a controlled of
moisture absorption.

As stand-alone test: to investigate the moisture
sensitivity level.

As preconditioning before other reliability tests:
to verify that the surface mounting stress does
not impact on the subsequent reliability
performance.

The typical failure modes are "pop corn" effect
and delamination.

AC
Auto Clave
(Pressure Pot)

The device is stored in saturated steam, at
fixed and controlled conditions of pressure
and temperature.

To investigate corrosion phenomena affecting
die or package materials, related to chemical
contamination and package hermeticity.

To investigate failure modes related to the
thermo-mechanical stress induced by the
different thermal expansion of the materials

TC The device is submitted to cycled|. N ; .
. interacting in the die-package system. Typical
Temperature temperature excursions, between a hot and a | _. : ;
. A failure modes are linked to metal displacement,
Cycling cold chamber in air atmosphere. ) . . .
dielectric  cracking, molding  compound
delamination, wire-bonds failure, die-attach
layer degradation.
THB The. d.e\./lce. |s.b|ased n stat|g cpnﬁgurauon To evaluate the package moisture resistance
minimizing its internal power dissipation, and | : - X . ”
Temperature " . with electrical field applied, both electrolytic and
L stored at controlled conditions of ambient - - ; .
Humidity Bias . - galvanic corrosion are put in evidence.
temperature and relative humidity.
Other
The device is submitted to a high voltage
ESD peak on al h.'S pins §|muIaF|ng ESD stress To classify the device according to his
. according to different simulation models. - h
Electro Static . . susceptibility to damage or degradation by
. CBM: Charged Device Model CI9
Discharge exposure to electrostatic discharge.

HBM: Human Body Model
MM: Machine Model
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