Q@ A Reliability Solution Provider for IC and Module

Reliability Test
Life Test
Environmental Test
Mechanical Test
ESD

FIB / TEM Analysis

Cross Section Analysis
TEM Lamella Preparation
Circuit Modification

TEM Analysis

Al IC- Module HTOL / Burn-In Tester
SEE (Soft Error) Tester

Failure Analysis

PCB Analysis

SMT Analysis

Reverse Engineering
Counterfeit Parts Identification

Material Analysis

Surface Analysis
Compositional Analysis
Organic Analysis
Inorganic Analysis

RF - AiP Device HTOL Tester
SSD RDT Tester
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Reliability Test
Failure Analysis
Material Analysis
FIB / TEM Analysis

Test System:
Al /RF - AiP [ SEE / SSD
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« Service Items

Reliability Test & Failure Analysis
+ 6‘* ZRA Strategic Test Service
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Research Based Support Project
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Heefd

ESD/
EOS/
IC-EMI/
TLP

£7|+HEZEAH (ELFR)

12/ SE+HAIE (HTOL/LTOL)
D2(0E)SE H0|E/Aers MtAIE
(HTGB/HTRB)

HiF L Ho 22| AlE
(Write/Read/Endurance/Retention memory test)

AHESEF (MSL)

s
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=
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Fxf2| (Preconditioning)

/M2 MEAY (HTS/LTS)
MEAIE/HARITIAIE (THS/THB)
ZAOIZ/2EH AE (TC/TS)

TRt 2 AIZAIY (PTC)
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EISAERANE (HAST,UHAST)
SFAIE (PCT, AC)
biE{2| 9 Al (Charging/Discharging Test)
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LED 22 =X (Luminous flux)

ZISAIY (Vibration)
3

Hod Lot/ RY/EEH/TE
(Board Level Drop/Bending/TC/VIB)

QIZHE (Tensile/Shear)
H|E&/7E8 (Torque/Twist/Bending)

&0 HSY/UHE Y HIL (SD/RSH)

ESD Al (HBM/MM/CDM)

2l (Latch-up)

X/ A A 2" ESD AIE (Gun ESD)
H7|H Btz AERAANY (EOS)

St | FXE7 | HE A (IC-EMI)
HYRE HIHENASAY

TLP (Transmission Line Pulse)

AST EZE mefsl S5 U B2 7t NS S
205 L UL AS

Hg 37
- IEC, I1SO &9 =M &

- JEDEC, AEC, MIL-STD 59| X & E&
- ES, GM 50| XtS 4 OEM 27 AR

TS, Bt (2F, A5 X TS) ¥ 52 (3ol
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- 58 7

- IEC, ISO S2| =M #&E
- JEDEC, AEC, MIL-STD 9| HIE BZE
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Aot 7|mel £ HE 22| (Solder Joint) 4
YN AS

-Hg 7%
- IPC, JEDEC

M UTMAIAES 283 QF/dH/A%/83
AER|A THH

LESEoRE B

- Die, Wire Bonding &

- PKG, Body, Lead, Solder Ball &
- PCB, Module &

SHEHIRE A2 2HHIZ7HR]
Crgh M7|5 AE|A00 i3t MEd HS

- 58 7
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2D X-ray °
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3D-CT X-ray <
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FIB/TEM
2

PEET
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H|opa| A
ASIHEM (SAT/SAM)

H7|HEMEM (Curve Tracing)

Decapsulation

| Grinding/Polishing

HEEH| LS 9 chy 712 E ™Az
AEHHaE] SHEs L % PCB Bl 713 5 FA2]

Chip Delayering

lon Milling

ZFAHAFADIE (SEM)
ofluix|2+H2 27| (EDS)
EMMI (PHEMOS/THEMOS)
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OBIRCH

Dye&Pry

2|22 A (Optical Scope)

SXE A 2N

Cross Section Analysis

TEM Lamella Preparation

Circuit Modification

TEM Analysis

XPS (X-ray Photoelectron Spectroscopy)
TOF-SIMS/D-SIMS

&l
)
HI
2

AES (Auger Electron Spectroscopy)
AFM (Atomic Force Microscopy)
FAERFS0|E (FE-SEM)

4

F#0/24 (Dual FIB)

SaPHxH0IZ (TEM)
L=

B
HI

=

oL RIEA 27| (EELS)

XRD (X-ray Diffraction)

EBSD/ASTAR

FEZgEetxE0r ZEN7| (ICP-MS)
fzZgEat=nt 22E47| (ICP-OES)
AAM HEFEAT| (XRF)
o|23Z0rEIm (IC)
JtA320HE 2] (GC-MS)

712

1

Held 227 (FT-IR)
15026262 Consulting
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Reliability Test
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Reliability Analysis
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Environmental Testing

Mechanical environmental testing Combined environmental testing

: shock, vibration, collision, :a combination of both kinds of
acceleration, loud noise, strong factors
blasts of wind

oA EEE=21?
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Climate environmental testing

: gas, salt, rain, wind, pressure,
humidity, temperature,
solar radiation
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Failure & FIB Analysis

=R (Failure Analysis)

HMES| ®MZ & Application0l| A ZAiet £ = 2
7|&0| HautLch FYE| FASAM= B/t A FQ

=yt

=
a2\ 2 XA 8l 7|52 ERe FAXILIGE S¢lf HH=Al IC, 58
O|Z27|7tX] Ctefeh HAL HZ0| tiet 222 MUIAS &S WSS

o2t B2EA NAE Sof TJ| U 22N DY 5B WA 1F AoIS A 241 Al 2
mjorsta 2% ol7LIES FUSHD, 7HE 22 29l(Root Cause) HolZ B Mx B ey
Fieldold SAME 4 Q= 23S 0|0 24X T= WY YRS & U AP WS

Feedbackslo] & 4 9l R TEL eizhg 81 YaLICh
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Laser Via Crack

it o248 24 (FIB Analysis)

0f2f ZRC| FIBS 2R3t Uz FLE| FAZAOIM = geH|, MRS &
=

HZol it 24 Zes HRstn Ao, S3| U= IC B 24,

24 T3S BRI AELICH

Circuit Modification

10

=4 Md|A
Failure Analysis

H| o3|

NE
S CIPITTEN
Sample
Preparation
Analysis

IC Gate Layer®| Poly

EMMI Hot Spot Filament

™X} M=ol O|27|7HX| Cret 2okoll A AFE E|0fX| =
TEM Lamella 32|22 Bt2A| IC 3|2 4780f Ebst T %

TEM Lamella Preparation

Material Analysis

HXt ApplicationOll A AHEE| 1 = MXIHEOf CHEt

Specialized
Analysis Reporting

Solution based
Project

HE 24 AXILIOE Soto] EHEA, 0lM7E 24, g712 U
N
=

o A
F712 24 S HIE Y YoM Zaeh MXiof it xPEstE Mg 24 ME|AS HISstn 9

High Quality

Lick
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35
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o °
* QRT S2}24 (Specialized Analysis)
TEM, EBSD, ASTAR, FT-IR, XPS, XRF, SIMS,
Imaging IR, micro XRD, nano SIMS, micro XRF

.

Global Network Service
Radiation Test
SEU Analysis

o IMGEY 2A MulA
© ZH SHES flot ZRHE Y

2|2 93 MZEA Recipe Setup MH|A

il

* Crefst 23 at 29| 24 Engineer
 Tech-mappingS S3t Mt 24 AMH|A
* Z1} Data 8412 Technical Consulting

o EMH Summary AH|2

Surface and Surface Chemical Analysis

Nano Structure Analysis Inorganic Analysis

D-SIMS, TOF-SIMS, XPS, AES, AFM, FT-IR

« Surface Contamination
« Depth Profiling

« Surface Morphology

« Surface Elements

« Chemical State of Surface Elements

TEM, EELS, EBSD, ASTAR, XRD ICP-MS, ICP-OES, XRF, IC

+ Crystal Structure, Defect, Size * ppm, ppt Analysis

+ Orientation

Organic Analysis Global Network Service

GC-MS, LC-MS, HPLC, FT-IR + Radiation Test

« Organic materical analysis « SEU Analysis

Nano Cellulose(SEM)

L 4

FinFET SHHZE(TEM) Cu Foil Z¥ Grain(EBSD)
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Strategic Test Service

*_*Board Level Reliability Test (BLRT)

O 2= M=y HWoteh
HAHES IC SE PCBIIO| S40 2OHES
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O QRTO| HE '™ M2[H Tt MH|A

2 AOIZ A THE A TE AY
(Temperature Cycling Test) (Cyclic Bending Test) (Vibration Test)

B wye 2ol
e

HEO| D2/M2 U= L ES PCBO| 7152 PCB7t =X o2 Eali= ddoiM
A & A=K Yotect AREAL 2HEof A Rl 2 AELICE 7| x| 2] 2|2t Hel, PCB S0 wat
L& S2ixtoloi| ofgt Cracko|Lt S| HEXoR WSl AEAE Solder Jointe| O|gfeiets HILICE

Delamination £20| LIEFELICH Solder Joint Cracke| &8 QILICt,

VW
599 0

&) ] i\

o o
SZ ANY D2TENEAE
(Mechanical Shock Test) (Temperature Humidity Storage Test)
Solder Jointe] 2 Ag4e
IMC §40of w2t ZHE =0
AlZHO| RILFHA IMCTF M&SH= HA 2

TR2NEANHAM THs "ok = A&LICH

FHEO| Yot = Hieof| ZHst= St
FEHE LS J1Thof] Z|THobs =00 HE R BA
HIEY, Fe{F0] Ydgch

‘_:RFBL (RF Biased Life) Test

O T} HhzH| 2TWI} AR 0[2h?

ox?

5G A2 HEAE LEPHl BHEX|9 T2 56 U2 E M2[ots 2|27t F2 2SI U0f 7t AIXE EES| fI3) 56
M27h HLHOZ QI7HE|0f0F 5HH, D|QI7F Al =B HII7t HTHZ =X 0 7iM0| Q7E[1 A= dEelLTt.

=2TH=

ofoll =l E&E 8 I EFOIAM A[CH 7t QXS Utohs 5%
#AE LAt ASLCH

Guidelines for GaAs MMIC and FET

JEP118

Life Testing
JESD226 RF BIASED LIFE TEST METHOD
JEP122 Failure Mthanlsms and Models for
Semiconductor Devices
Reliability Qualification of Power
JESD237 e
Amplifier Modules
AEC-0100 Fallur.e.Me.chanlsm Based Stre§s T.est
Qualification For Integrated Circuits
MIL-STD-883 Test Methods for Microcircuits
MIL-STD-750 Test Methods for Semiconductor

Devices

O QRT2| Socket Solution AH|A

7|1E SMT 3H2

SocketS HSEtol a2t nZALe| HIBS | AStE 2 QUELICH RF Socket Solution Al ZRH2 YES sia & £ U
L=

POGO Pinzt Socket Board7te| mHA oj& 0] ZQA| ELCH

+HYoto thet LIS CHR7| AIESIn of2het 22 Hot

| RF Analysis System |

St RF HTOLZ H|8 B7tet JHY LAl cist 2X|7F 2ho] 245t ELICE RF Socket Solution2 RF

olx|9}

FALE|OMe 2 xof 2 Fal M} CHAZ| RF 3248 ELHE Insertion Loss, Return Loss £/ X$tE X|8t0 DUTZ}

ZI1HQl StressS A| o =E X LCE

| & 8! wheH Simulation |

| Socket Insertion & Return Loss |

Insertion Loss
0
5
-]
o
-0
. st Losy521
10 pul 30 40 50 (4]
Return Loss
0
-0
30 S—T /
s ? /—\/ —
@ =
il ~_RetumLoss(S11)

13

12



Stategy

Strategic Test Service or7

“r SMT (Surface Mount Technology)

14

SSD Reliability Test

O SMT lz|d Hoek? O SSD RDT2t? SSD RDTS| ZRM?
CHEE O] BE | Chipol| CHEH ME[A +HTIto] 2L FI|N M MYS 2I6H Socketnt Test BoardE AE5t0] 77t 0| 20{X| 1 2 0|C|o] 8! 22l2E MY 7|52 2 AFZ2ElE HDD % SSD2| 27t ZEUHOR It FMH0|H SSD2| TH7t7t &AL Shof
AX|2E, WLCSP(Wafer Level Chip Scale Package)@t 22 Package®l 22 EMC2t 22 2|8 2¥57|50| gi7| 20l SocketS X|= ZM 0] j2t ZEE Zstelof sHe Al 7120 RDTZF L RSt Algol| S0f USL|CH

A2 E 2+ gl A2 Test Boardol| X SMTE HE0t0] M7 & MSHYEM &S ML
X Reliability Demonstration Test(RDT)= 22| M UZ AlFHo2 M HZ2| 2|3t ReliabilityS $E3H=X| 21918t 4 QL= Agin
O QRT2| SMT Service olLIth S5t A% 201 Device I Deviced] Ol B Mo Hols A 1 T
Test YLICE ik Al&S Solf Device MIZYHE Device?| 0|4 £HI M52 2ol 4= AUFLICH
QRTE)E= WLCSPSt 20| SMT7h st Crekot ZF9| Package#Ct ofL|2t BLRT(Board Level Reliability Test)et 22
HE 2Hof|A MZ|H WL 7bsE £ UEZE Test Board HZHzt SMT(Solder Mount technology) ServiceE & X33t
ASLICE QRTOUA= SMT - Underfill - Reliability test - Failure analysisE S2$t in-house®l| M ZIg 7Hs38t0d, TAT Th

el 2Mut 2 oMo 2 ZEe 4 AU

O Total Solution service

O[] &47] HHES Kalsh= =F0i| SSD2| TRI0| LR AR Kfete|=
g2 BARSHO HOIE MF g dE ABO| flvt AlE 1Y

]
= LI
s - : - i -.];L 2|4 25 A#(Cold RDT) R 20{A 50042} 0l 4 412
M o s = o il 4 15 Al (Hot RDT) 20| 500412 O] M2 Y AS MY TY
Loadi Solder Printi Solder Paste Component Automated Optical Reflow Unloadit
g S Inspection Mounting Placer Inspection nloading 40°COIIA 3E7F SSD| A20| iz Wiix| Al% i

SPOR(Sudden Power Off Recovery)

EECNEEL

=
i

il

pCB Min Size  50X50 mm 50%50 mm 50X50 mm 50X40 mm 50X50 mm 50 mm Temperature & Hu y Device0f| Stressg F& 2=t SRR AIY ZH
Max Si 250330 520X420 480350 460400 510X 460 460 i
stz mm omm mm mm mm mm (Environment) | gemperature Cycling 25 T2 FI|HQR HH-40°C to +85°C)80] AlE T
Min Size 0.3 Pitch 10X10pm 0402 mm/ 0.4 pitch 7.7 um

Component —————— N/A N/A . S . .
P Max Size N/A N/A 55 mm N/A = Al#l(Mechanical) Mechanical Shock, Vibration, Bending, Torsion, Module Push,
Magnetic Field, E-Field

MNe = =510 MH™SH il Thi itch2 M3 o| Hi
QRTOIA= Solder volume self assessmentZ co}fl X &gt Stencil Thickness, Ball pitchE H&38}0{, Solder?| High S K (Certification RoHS, EMC, Safety
quality- High printing abilityS 2l X|&& o2 HApgiL|ct.

Radiationg 0|83t SSD Memory XZ2| Soft Error 7t A% Z1%

Solder paste printing Study 0.06T

(Metal Mask T control) 0-11 0.08T (Self evaluation

) eho. of A
(for Ball pitch 0.4 1) (for Ball pitch 0.35) o improve printing ability) O SSD QIE{m|0|A

o m m

AfterReflow

2.5” SATA, U.2 M.2 SATA VBVBCVVMSATA

ISO 9001 SMT 215 =HE 22t OM, Internal Audits Soff XHH| Moo 88 BZ X 3E22|E 218 Quality Management
Systemg& HMSIAELICE

O QRT2| SSD Service

Er P N N ,
_ - - FLE|(F)= JEDEC A0l 2301 Client % Enterprises} SSD ®Zo| A2|M IS |3t /X RDT AlY 523t Device2l
1. Control Plan 2. Raw Material Control Ol4t AT M58 WIHE 4 Ui Early Of Life(EOL) Al 52 12/1 2, & S 820l Stress #0/A] Device A4S
3. Machine Control 4. Product Control HI}st= Environmental Stress Screen(ESS) A& 5212 2427 UALICE |2 Radiation0fl oJ8 HAE|= SSD AZE of2]

5. Environment Control 6. 55(Line, MC, Tool) HE TH| YD SSD AZE of 25 HIHE & = MH|AE M35t JAELICH
QMs
(Quality Management System) 7. Traceability Including Log System 8. Document Control

ol ol A /A Ax7{o| =t Ta|T = S xpEO}p QpL| = m7}st A Ol= C}AO
9. Management of Customer Specific 10. Non-conforming Product Management GEN3 %! GEN4 QIE{H|0|A, 2/& % etAE7I0| 3, 12|11 SSD 7|5 SEH#ED OfL|2} Power CycleS H7HE 4= QL L9
THIE HRot oM, FLE|0M HSsH= RDT, EOL, ESS, AZE of2{ Wrtet 22 AN Mu|Atat ofL|2t FItHo=

Requirements
11. 8D Report and Process Change Notice Process THO| Hstis 2B AE AT N AE MHIAE MBS AZ AR UGS

15
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Strategic Test Service

1+ Soft Error & Accelerated Radiation test
HIEX|, MAIEE ATE of|2) Lo U 2AM

OBt A, MAIEE AZE02] Wt Hed

SH=A| AZLE0||2{2t HHEH| L] 2Tt XL, 23t K| Mol EXots YR, SR, A0 X-rayet Z2 PARO| HHEXE Stsi

LA HStol| ofsh 22| A = S22 HEIE LAIMR HotA|7|= dddYLiCh

S

HREE2 g 2ZE02{9] 2lgol =E5[0f 0| 2AXSK, E2tYIL U ER S
SHER| 7|SeHH), ITU-K.130(S41EH AZE02 Bt 27)S HIRt 715tH 2|

),
O|R3tstl AFLICH

(1) High-energy neutron (2) Neutron collides

Strike a semiconductor with a Si atom
High-energy
High-energy Neutron .-\ Siicon
Neu}ron ° Neutron
i %04 ;
09 & o0 » o
g
\ Alpha
. Particle
High Energy ®.__ (charged)

%‘, =
T [

Charged
Particle

P Substrate

(3) Changed particles can cause
operational problems

O World-Class Radiation effects capabilities. QRT’s “All-in-One Service”

FAlH Mol = 1S026262(xH2FE

X|
EES LAsto] ASHI 8 FAHL

| SEE Analysis System |

TLEIRE CHaztel Wot ZEat 3 X[AS J|HeR gk, MR 0| thet 2T E0f2] Bot 58 2282 MSELch

=L

Radiation Test o@g

 Thermal Neutron & Neutron

* Protons A "o ALY || WILES/AIAR L APH HEY AS
« Heavy lons HE U S0l et || Cherst ME Sa mafs s %71 7ol
Al A g2fol Hat J|SEx 9 2 Eof2| AL 2N ZE
* Alpha Particles B EEEEE EEEmEES] oI5 WL A NE
« Gamma smEd EAA N Y || PHsts BAmE Y SE2 ofsty| 9lsi
S TS T ol 2z AlA" THstol A HE 2EE
EELC HZEct HZgct

4l

=M EE Q15 Wt
A2l Be1E
A ot o
AgAE S
M BE 2dg
E4510] 215 Wi

SYYLICH

SEU Analysis
s g g

-EE ALY FYY B

-Th FE: 22 W, || -2 71PN, HI
NadEN, L aRd/ || g8 Wt
AL EHE S -HE 2ol B} g4
2E HAfRE

AT
2z

d
o Alpha Particle Counting S A XS} mop sk MA

 Total lonizing Does Effect

* Soft Error Rate s e nalE: sEv,
* Single Event Latch-up gsFLIJ,SS:;RSEL, SEB,

© SEFI Test & Analysis

-15026262, JEDEC &
AEC I8, X2 E 85

- MIL-STD-883, 750 5
2882

-NASA,ESA S 583
bz
25

- OEM In-house Standards

OR

{:TPA (Two Photon Absorption) Pulsed Laser SEU Analysis

O TPA 2{[0| X A|AR] &8 20}

TPA 2l|0|M& SEE(Single Event Effect)S X#st1 0|5 QEsts A OLX|S =QITt 4 Uof HH=H|o| AT 0|2
motsH=G| 0HR RETH AAH YULICL FLE|NME TPA AIAHS 0|S0t0] 2D FIHOR el AXE2] HAS 24
£ &Lt AT Eof2{#at otL|2} Battery2| &, Bio & Cosmetic S&2| st £M0| 7b58L|Ct

SPA Laser

| FLE| TPA AJAH! |

- -

| TPA Elo|X 24 ZH |

Jl

2 EIlollA LIIBE A UL FEkS 2iZ HA(XYZ, 3%) MRS} A &R Jts

b

Spatial Information
High Energy Screening SEE %7t sliel F0I2 & AlMe| o oluiXI7tx] &28H AE 7ts
T20| o242 & AlM HZY thu| LABOIA PMIE 2Y 7ts

TPASt SEE A& HH| S7|31E Sal SEEFET0| £4, LM AW =4 7ts

Temporal Information

O TPA ZO|X A|AR 2& AL

7H% d Yt

c
&
$ g
> 0
g ¢
8 -
S 2 .
T 2 e Weibull L T Weibull
LET(Linear Energy Transfer) Laser Energy
< = AZEO HEAS Upscreen, SEBO A&
A = g
SEEEEER AR 2% el matle S8 SEU 220 AAXIE
« 2XHHE AZHA(RIX], 0], of|Lfx]) 24 - O 27 SEE DABE(SEL/SET §) 24
- M7 2HY SEE Cloidant Z2Hd A3 © ARFLUHE Q12 T ) ol Motk 24
- RAL BHEA| ZH Mot H ot - TFIREER] QP SXIH A (SOA) 24

- SEL #9122 24 9 A3 - A7 U B

o < 3D THSH
« C|X|=3| 2 SEE &2 E=(SBU/MBU, SEFI S) 2% z

29 3D
- 10j|{ x| 217 &R (Fault Injection) Ae

TPA 20| x| AJAE

16
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Strategic Test Service

‘Battery Analysis

AOEE, ADEQX], HAt Gl SO Crst 2FHTA} 717|7F HEEHEA 21t HA| BE2|E F2 HHACZ Agst= HISO|
=49 76t JAELICE 2IE 02 HiE2|= 24t TX| 7hOl &2 oHX[L=et FHojh 28 MY SO FHO=Z 7H ©ol
A&t A&

O Battery 2% EA £4

YIPBUS BRSOl STLET, FoIY U £2A% S 2AFOISTA L AMC) HA AMe| S 4 MHIAS NS
QRTS| 2AHTA| A7 S4 B4 2RHS B4 S| miet HHe) Fu| U HIIE TRol0l 22 +F2| HElz| A1) £
MHIAE MBBLICL A Cigrst HA T2 24 wotoet 2 41 2F9 97 24 UEYSE B0, viE2] 7|5
DEsiet ApHCh HE(R] LS ESLIC

Jo AT

O QR Battery AR| SAEM Au|A 82

* UBET ¢ FTIR * ICP-OES * Nano SIMS « SEM-EDS/FIB
* TEM-EDS/EELS * TGA-MS * ToF-SIMS * XRD * XPS

* BET « FTIR « ICP-OES « Nano SIMS « SEM-EDS/FIB
* TEM-EDS/EELS « TGA/DSC * ToF-SIMS * XRD * XPS ¢ Raman

* AFM « FTIR « SEM-EDS « XRD

« Tensile Strength « TEM-EDS/EELS * TGA/DSC © 3D-CT X-ray

* GC-MS o LC-MS/MS «ICP-OES *«XPS NMR

FIB / SEM Cs TEM with EDS

U] HH / CHH S 2N A MappingDt ZAX} X 24

XPS

, Li2CO3]

g LiNbf

£ = E] E T

Grain®| Z% HiEHd 24 HH 35 24

==

3D-CT

Raman shi (em’)

o 2 Blmk] 3D-CT 24

EELS

‘Power Device Reliability Test & Analysis

O T2 A%} M|y BII2H?
™2 AXHPower Device)= 0|5 MBsh= AIARIC| F7| OOl SXtg 2ol 01 QT £F0|H, A& XHF ot ofL|at
Kpgol Abgsts 1 3, 1 58 T3 AXtol| thet M2l FB0| HH O Zdten &L

Si 2t OfL|2t SiCot GaN Z2 Ciefet 2THE AME3t0] X|Z0| 2HS0IX| 1 QLOM, o2{gh XKl Tt L2 AR HB0| eS|
O|R0{X| 1 LELICH

| S=tAIY 312 7 - (2) HTGB, () HTRB |

High Temperature High Temperature
D D
o—— o—
— —
G |k— G |W— \Y
-oJ — —
O O
S S
O QRTS| M3 AXt "It 8 B4 MH|A
FLE|F)= Cheket M2 AXQI CHo|QE, EMX|AE Y Ato|2|AF S3F M2 AXF =2l Si, SiC X GaNe| HIZQ| &, +E,
HE7| A SEAEH ciet SR R o2 AY ZH|E 2Rt ASLICH
%20l 1E2 9| Power Supply, 12 Chamber & High Powerg Algl EES 71E3510{ High Powerg F2| AXtof| CHEt
CHst 28 A2 & £ | Infra PHSIFSLICH
o3 AR 3 Fx U ME 7 OISR M SR A0] sl B2 oot 24 ZH|7F Zash| EUGLICH

FLEIFE Chefet 24 FE2 71 24 dix|Ljofet 2| Mol 24 FHIE Rt A 53] M2 Al
Field 22 Xtxijofl Cliell SotEl 24 =S 74X AELICH

ngt
Op
Hu
ot
THT
ox
A
=
=t
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Strategic Test Service oRT

¥k Transmission Line Pulse (TLP) Test

O TLPEI?
LED S Zatate | ME[N ™IH= T2 AECLE JEDEC Test Planofl 2} ZIgistH 2 12 5% &0 st I 8l 2% TLP2t ESD O|HIEQ}t RALSt PulseE M&EMEE Soll @1746t0] ESD immunity Msg 2F MY-MF §E4 [MOZ It
Ato| 20| ofst 9, LR Sato| e B CHAQILICE AE H/= ME M5EIIE 2loiM 2 H7|H E4 58 Y Zdo=M st 7MLt
M52 £F6t7| 2ol Z50ILt lumen maintenance 87| 9l AlY T/= Test siteS 0155t7| = FLICH
O QRTQ| TLP Service
O QRTS| LED X &3z B7t Service 53 wEde] B Ze SMO2 TLP W AE RTsHs Al 371011 YSLICH RYEIRS oj2{%t 1 EA 0| et
FYE|G)= X2 1m Aete] M2 A (Integrating Sphere) 2 B Q8HT /0] CHYSH LED HIZ 9 T Z0f st & 575 Fo| 2R FHo| QTLAISHANSI/ESD STM5.5.1) 0f] SH= TLPEIF MH|AZ R ZELICH
THSELICH 3 ZEF AJAR 0t ofL|at, LED A2|M HWILS 93t Chst 7| AN 7|5 2ol et AI-MH|IE 2Rt
A&LICt. oof w2t 2H| 2 (USCAR-33, AEC-Q102)0] 278t= Full QualificationAl&2 One-Stop MH|AR Fg & 4 QRTE 7|Z ESDAIYE K| (MK2/MK4) 2 Package Level®| Pass/Faile| @15 Tt 20t OfL|2t, TLPS 0|83t Package Level
2 1t Wafer Leveloild ESD 2 AXte| ESD @17t &t 22 Z2A0f-V S48 holst & Q&L|Ct

QUELICEL H=0] VCSEL ZE3 20| YHo| M3t A=, HME Ho|Ao &H HEE 9l 2iolg lot ZIHE S SoliA] £Fo| e

HBsl 20 om M7, Meh 8l 2E0| ¥l MAIZIORE 2ol 5l 7| =M 0|t LMA| ZZLHO R S st JUAELICH
ol2{3t I'VEH S 0|83%t0] ESD E= 3|22 452 HWIlstn ESDESS|Z M| Zewg ot EgILCH TLPEEOE ESD

HSAXIO| Key ParametersE £&%& 4= RO, ESD (HBM S) 72 H7t 22t} correlationd 4 L&LICE

IC| ESDYS2 MZEC| MEYE HWotels e R 7IE22 HESH JHE ZRsh= 0421 Olsr & SHLIYLIC TLPE 0[2{8t
ESD 2 ME[d EHE JHLEHA0A 2tol, M2 ME | AIFIZ BIt Al, 8 EAT ESD Bz 2|27 F&5| ESD Design
window Lol A SESH=X| Thetg 4= QL= DataS HSYLICE Ol2{et DataS Sdli ESD 242 H2|y 0|E APHO| ofgg £

AELICE

Stategy

| TLP =X Y g | | TLP Test Probing |

Transmission Line Pulse Oscilloscope

T = =

Recipe stort | Losdota | Swelate | oo
T

Tevice

S s
I e
| E— ———
e — Probe Station
e m o a
neny aocs-
| FOEES © o
FEEnR) s "
i R i T R R R R T R T T
wihaaan - | ol © Rt [T roren

Photo,

adint ‘S\gmum\‘x ‘v ‘cm ‘ccr ‘Puhwzve dorminantw

| memsm 0.000 v
Trisger Tine 0 s 5597620 17082 118360000 0325 03417 637481 56061449 4397717 5068788,
5678470 16987 113820000 0329 03490 635002 5623160 4404507 5414950,

5671028 16995 113760000 03291 03480 637073 56463074 4407198 5382046

Toumbor]_sea7iseitad]_vissaiete] o] (s s | stz e ST | TLP £ 0| 8% 7 C|uto|A ESD E4 ol | | ESD 2%3|2 M2 Design Window |

Diode NMOS Current ESD design
window

VBD Snapback

<Y

527 1751 27 71058 [ e 27 e [T 2y 17778 [E TS ez s | enis 0622 12:18:43

FEF oA GolE e T

20 21

Voltage




Automotive Electronics Qualification OR

Automotive

EAIR MAPEE ZX0|= AEC-Q1002 SHBIR(C)ol a4 Bo RASRH, N8 5% 25 BHER 4kl S22 726D
oo vl o AEC QUBLICH M7, ME HEWD ofL|zt FREY HHLISS Targetoz ot M2l Aoz 145 of

> AEAHALEHS] AEC 72 L 25 OEMAZH0IM 275t Sequence Test 2 45 Bt SIS SRS B R B MR AL,
BA

AHE BEOILE A AHL 220 ISS B M8t SUTIAOIL HAILL 44, OF, 2 S 9L SotE Q 1 00 Grade Level Ambient Operating Temp. Range
3 = o HS ofA0Z RSHBH= 20 %[ A Ot S AMH|E
A0l QTEULE Eot ofe 7| NUE €40 TSI Sequence Test § D77 2ol HuTAN A AYLHIS Grade 0 40°C 10 +150°C
CHFsE ZE3=0{0F BfLICE FAE| FAEAl= OEM 70| HE 27 D HE0 T2 ASAES M3 > A== A
= . Grade 1 -40°C to +125°C
HARE N HAFNX] EEMEAS MBS
Grade2 -40°C to +105°C
| IRISE S5 298 Q75 AYS BANY/UNE | Grade 3 40°C to +85°C
| Qualification Test Flow for Integrated Circuits |
ES90000-01 ‘Inspect of Solder Joint’
a4 | Die Design | H=
ES90000-04 ‘Reliability for Pb-free Soldering’
of7|X| 28 Metd Alg | Wafer Fabrication | FAB ZX
dzd Alﬁ
EEEEERN HIIH S8 A
Test Group C Test Group D
[em |
Test Group F Test Group E
WBP | Package Assembly | :l
PAT FG
ses || pc
ES90000-02 ‘Delamination inspection for Mounted Part’ SBA [j | | CHAR
External Visual
AEC-Q100 ‘Qualification forIC’
AEC-Q101 “Qualification for Discrete Semiconductor’
- . . Defect S i
AEC-Q102 ‘Qualification for Discrete Optoelectronic (e:gc” Bzrrene-?;?g
Semiconductors’ >
~ B e ) c
AEC-Q103 ‘Qualification for Sensors Functional/Parametric S
AEC-Q104 ‘Qualification for MCM’ Electrical Verification Test g
AEC-Q200 ‘Qualification for Passive Components’ g'

ES90000-05 ‘Highly Accelerated Life Test’ Test pos Test Test® Test Test | |EMC E Test
@R°°m @Room ||| Room, @Room, @Room, @ Room
ES95400-10 ‘Environmental Tests for Electronic Equipment’ &"gl’d &Hot &Hot
Envi : ) Test Test
ES95910-93 ‘Environmental Tests for Air Bag System @Hot @Hot l i Test @ Room,
Hot, & Cold
ae] (e u" :
e [cou 1w
TH AC |
or
Component Level Sub-system level Automotive Level UHST Test@ Test
Qualification Qualification Mechanical Durability Room, @Room,

Hot, &Hot Test@

Test
@Room - Test Test &Cold Room Test @
& Hot @Hot @Room &Hot Room

I1AE B4 AE

A

+
o=
=
ogt
rz
N
jl-J
Jm
0x
=
ogt

MEY AIE
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Automotive

Automotive Electronics Qualification

AEC-Q1012 FET, Diode, IGBT & Transistoret 20| 3t 7§9| AXt2 M= QU= EHY|AXH(Discrete
AEC  Components) 8718 Raieiiict. weiol et Hetel=dl o 7o) ot S22l YR HE WK &
U= AEER 20| ABLIC

Q 1 0 1 Temp. Range Discrete Semiconductor Type

-40°C to +125°C Discrete semiconductors except for LEDs

| Qualification Test Definitions for Discrete Semiconductors |

QUALIFICATION TEST DEFINITIONS

Accept
Stress. Abrv DEfED Note .Sample Ly on # Referenc.eA Additional Requirements
type Size perlot  of lots failed (current revision)
All qualification User
Pre- and arts tested per the specification or
Post-Stress parts P P! S Test is performed as specified in the applicable stress
1 N TEST 1 NG requirements of the 0 supplier's
Electrical . reference at room temperature.
appropriate part standard
Test e e
specification. specification
Pre- SMD JESD22 Performed on surface mount parts (SMDs) prior to Test
2 conditionin PC 1 GS qualification parts 0 AL13 #7,8,9, &10 only. TEST before and after PC.
s before Test # 7, 8,9 & 10. Any replacement of parts must be reported.
External All qualification parts JESD22 . . .
3 Visual EV 1 NG submitted for testing 0 B-101 Inspect part construction, marking and workmanship.
. Individual Test all parameters according to user specification
Parametric 3 : o
4 e PV 1 N 25 0 AEC user over the part temperature range to insure specification
Verification Note A e N
specification compliance.
1000 hours at the maximum DC Reverse Voltage rated
junction temperature specified in the user/supplier
High eTrLen. specification.
5 Temperature  HTRB 1 TJE)/!E:E 7 Nofe 8 0 M“;g}:ﬁé{:g dlA The ambient temperature Ta is to be adjusted to
Reverse Bias compensate for current leakage. TEST before and after
HTRB as a minimum. (See note X HTRB.)
To be implemented on, or before, April 1, 2014.
Pre- & Post-process change comparison to evaluate
27 Dielectric oI 3 DM 5 1 0 AEC-Q101-004 process change robustness.
Integrity Section 3 All parts must exceed gate breakdown voltage
minimun (Power MOS & IGBT only).
Short Circuit 3
28 Reliability SCR 3 DP 10 Note B 0 AEC-Q101-006 For smart power parts only.

Characterization

For all related solderability, solder heat resistance and
29 Lead Free LF 3 - - - AEC-Q005 whisker requirements.

To be implemented on, or before, April 1, 2014.

<FET> < Diode >

24

AEC-Q102¢2 light emitting diodes, photodiodes & laser components S X2 g st AXtof| CHt
% | A E|OIX|= &t

AE C (Discrete optoelectronic Components) W7t F2{QILIC} ke RE LHE o Q|&of
AXte| DAR "WIto MEst 74 L|Ch

Q 1 02 mp. Range Discrete Semiconductor Type

-40°C to the maximum operating temperature Discrete optoelectronic semiconductors

| Qualification Test Definition for Discrete Opotoelectronic Semiconductors |

QUALIFICATION TEST DEFINITIONS

it Stress ABV  Note SappleisizeliiNymbergiiccent jlestiethod Additional Requirements
/lot of lots  Criteria | (current revision)
Pz:__sip:ss All qualification User
1 Electrical TEST N, G P;qﬁ::;\t::tsi; ::Z 0 Z‘:iﬂgﬁzgg Test is performed as specified in the applicable stress reference.
Test and ? - dard See also Section 2. 3. 7.
Photometric appropriate part standarc
Test specification. specification

Performed on surface mount parts (SMDs) at least prior to Test #6,

SMD qualification parts #7 & #8. Where applicable, preconditioning level and Peak Reflow

2 condﬁtriegnin PC G,S  at least before Test #6, 0 JESJ[:ZZ[;%/EIB Temperature must be reported when preconditioning and/or MSL
g #7,8& 48 is performed. Any replacement of parts must be reported.
Test before and after PC.
All qualification parts
3 E\);?se‘::lal EV N,G = submitted for testing 0 JES{:)EZE;FEIOI Inspect part construction, marking and workmanship.
except DPA and PD
4 Parametric PV N 25 3 Individual AEC Test all parpmeters according to user spceification over the part
Verification Note A user specification ~ temperature range to insure specification compliance.
Only for LED and Laser Component.
Duration 1000h at maximum specified T solder. Choose
High corresponding drive current according to derating curve to
achieve max Tj defined in the part specification. Test 5a is
5a ge;nraptei;atlgfee HTOL1 [;’ 3’ 26 Notae B 0 JESJDEZDZE(x:los equivalent to 5b if no derating. For use within special application;
P HTOE g a longer test duration may be needed to ensure reliability over
application lifetime. For details. see Appendix 7a "Reliability
Validation for LEDs".
TEST before and after HTOLL. >
Only for LED and Laser Component =
Duration 1000 h at maximum specified drive current. Choose °
High corresponding T solder according to derating curve to achieve 3
Tem: egrature D.G 3 JEDEC max Tj defined in the part specification. Test 5b is equivaient to 9..
5b o ergtin Life HTOL2 X, V’ 26 Note B 0 JESD22-A108 5a if no derating. For use within special application; a longer test <
P HTO% ’ duration may be needed to ensure reliability over application o
lifetime. For details, see Appendix 7a "Reliability Validation for
LEDs".
TEST before and after HTOL2.
Wire Bond D.G 10 bonds Pre- & Post-process change comparison to evaluate process
26 Shear WBS v ¥ from min of 3 0 AEC Q101-003 change robustness. Data may be provided within PPAP
’ 5 parts (Cpe> 1.67).
. MIL-STD-750-2 | Pre- & Post-process change comparison to evaluate process
2 Die Shear bs DG 5 3 Method 2017 change robustness. Data may be prvided within PPAP (C,, >1.67).
. Only for parts with Sn-based lead finishes.
Whisker seetest | seetest see test . By " .
28 Growth WG G method  method  method AEC-Q005 Test to be done on a family basis (plating metallization,

lead configuration).

<LED> < Laser Diode > < Photodiode >
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AEC
Q103

AEC-Q1032 Sensor MZofl Cheh M2|M AHOR L ME0f AHLICH ek IC Al HuRS o, o/F
Qg UX|gts 1xo| Me|M HWotg=o0| F7tE Heo|H, Microphone, MEMS & #20| 8tglHs 2
MEE A& LI

g A= JHE deof mat YR REIF JIAH PEE Fotn =EE0] A0, Lkt
IColl HIgH Cf= Fofgh £ AHLICH L3t MAE M= ADASLE X258 7|50 IS FE F7|s50
Ze|of PAet FA|TF @ FELICH AFEXL #HF0M SE A4S AlS2|0|Mst 1 22kl AlLt2| 0] w2t
S2Hel 2AEA(XE, F 5), ot di2o| ExXfstz &3, 25, &5, ¢} 22 SNl AE A

2L, &
I8 A58 Dot MMKE0| AHAE RECE Melvhx| RS HATE £+ ASLICH

igal
_O'!
rr
a
Yl
2

¥ o

Grade
0A -40°C to +165°C 0A and 0B are needed if ambient operating temperature
0B -40°C to +175°C range exceeds AEC-Q100 grade zero requirements

| Qualification Test Flow for MEMS(Micro Electro-Mechanical System) Pressure Sensor Devices |

Diesel Fuel }<

Corrosive
Atmosphere

Gasoline }‘:
Wheel Cleaner ~ f¢-1

i| saltimmersion |¢-+- Chemical
! ' Loads

Interactions of

Mechanical

Environmental and
Loads

Functional Loads

Cleaning Solvent }<

< Microphone >

Condensation [+~~~ .

Humidity with -~ -+ ‘
Sulphur P Humidity

Pressure i |

: 3
Preconditioning ‘
(MSL#Reflow Simulator) Cycled ;

| Biased Pulsed
Pressure TC | |

<TPMS > < MEMS Mirror >

AEC
Q104

AEC-Q1042 MCP, SiP % Stack Chipat 22 23t O+F & FMEQ! Multi-Chip Module X Zof CiEt
HIHE 2 YLICt §9] AEC-Q104= AEC-Q100, AEC-Q101, AEC-Q200 H7H#St OfL|2t Hand Held MIZ
TItoll At8El= PCB 29| Solder Joint ZEE 2Iet BLR Al® 5% Zestu QU&LICH

Qualification Test Method Options for the MCM

O Case #1. 7|&E AEC-Qual. W7} 27t Y2 A2,
> “Test Group H’2t =71 =8
- ¢, I7|X| ZR0 M2 U HEES 20l UR (e.g. CAVITY HF|X| &= 5)
O Case #2. 71& AEC-Qual. W7} 237} g2 32,

>AEC-Q104’S] 2E S22 43

| Qualification Test Flow for Multi-Chip Modules (MCM) |

o2 N scuE Ny e
= o 4 MY
Low Temp || High Temp Power Temp High Temp || High Temp || || Mechanical || Constant | Mechanical MCM Pb ESD
Storage Storage Temp Cycle Operating High Shock || Acceleration| ~ Shock Drop Test || Free (HBM/CDM)
(LTSL) (HTSL) Cycle (T0) Life Humidity (MS) (cA) Cavity (MCM (LF)
(PTC) (HTOL) (UHAST or Drop Test DROP)
ACorTH) (DROP)
!
Variable Physical Electromagnetic:
Frequency || Dimensions Compatability
Vibration (PD) (EMQ)
(VFV)
Startup HighTemp || Thermal | Board Level|| Early Life Die Solder Wire Bond || Solderability || X-Ray Latch-Up
(STEP) Humidity Shock Reliability Failure Shear Ball Pulland (SD) (XRAY) (LV)
Cycling (TS) Test Rate (DS) Shear Shear
(HAST or (BLR) (ELFR) (SBS) || (WBP/WBS)
THB)
! l
Temperature Visual Gross/Fine|| Internal Lead Acoustic Lid
Steps Inspection Leak Water Integrity || Microscopy | Torque,
(STEP) for (GFL) Vapor (L) (AM) (LT)
Migration (Iwv)
(VISM)

+ Note: Pre-conditioning(PC) to simulate customer manufacturing and rework processes is
required for the package accelerated environmental stress tests (test group A). See Tables 1&2 for applicability of each test.

Pre and Post | |Characterization| | Short Circuit Fault Grading Electrical Part Statistical Soft Error NVM
Stress (CHAR) Characterization (FG) Distributions Average Bin Limits Rate Endurance,
Functional (SC) (ED) Testing Statistical (SER) Data Retention,
Tests (PAT) Yield Limits and
(TEST) Analysis Operational Life
(SBA) (EDR)
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Automotive Electronics Qualification

AEC-Q2002 Capacitor, Inductor, Resistoret Z2 54X WIS 23t FAYLICH 2 HZof
AEC QFEE A 2EHRIE ot Tet 20| FHstD M Flammability, Lead Integrityet 22 $SAXt
Edg nefst A

Q200 &=

Soi| mat

S 2 L0 ASLICH

Temp. Range
-50°C to +150°C

-40°C to +125°C

-40°C to +105°C

-40°C to +85°C

Discrete Semiconductor Type
Flat chip ceramic Resistors, X8R ceramic capcaitors

Capacitor Networks, Resistors, Inductors, Transformers,
Thermistors, Resonators, Crystals and Varistors, all other ceramic
and tantalum capacitors

Aluminum Electrolytic capacitors

Film capacitors, Ferrites, R/R-C Networks and Trimmer capacitors

| Qualification Test Definitions for Passive Components |

Qualification Sample Size Requirements

Stress No. Note Sample Size per lot Number of lots  Accept on Number failed
Pre- and Post-Stress Electrical Test 1 G All qualification parts submitted for testing 0
High Temperature Exposure 3 DG 77 Note B 1 0
Temperature Cycling 4 DG 77 Note B 1 0
Destructive Physical Analysis 5 DG 10 Note B 1 0
Shear Strength 31 DG 30 1 0
Short Circuit Fault Current Durability 32 DG 30 1 0
Fault Current Durability 33 DG 30 1 0
End-of-Life Mode Verification 34 DG 30 1 0
Jump Start Endurance 35 DG 30 1 0
Load Dump Endurance 36 DG 30 1 0

< Inductor >
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