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HRRRE—H#E, MR EREBRSHRREIT(  test cell), FTEH =RFAARR,

A Thag EE R
HFAPKATE) | IR TR, EHEHE BRI (FERE, B, M), BERE Advantest (Z {2 &) | Teradyne (Z%Ffi i) S 335
A HEE RS ERA B dh
PRErA/o R | B BEE, PRETE AR BRI (B F1E R) 5 4338 B AR B Rt 55 (FT 5 24%) | £o% SLT 70 34K%)

BLRAEARIF (B _EAET)
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HE ol P A HES U 5

Hera:

2# A (thermal chuck, RESHBIFHMEZRMTS) . TENRIERMK ATC(BEMNMER N, AIRFES 8, & Al BIEEE ASP kX
EHES) . HBEM(CPO ABRIAISEINMIESHEABEBEE) .
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FEREEIHEIAT, FIARERIASEARM ( Die) FUTHEE, RAMIHEF LA THEER FT RE
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Exhibit 17: Probe testing (tester + wafer prober + probe cards)

Tester
Mainframe

(power
supply and
controller)

Test Head
(93] (93] 3] (93]
O (o) O O
ol [0 0] o))
= \gm | x| =%
| 2 5 Q. Q. Q.

L inteface I

v~ Probe Card
L = WaferlJ

ol

Down

—_, Left Right

Wafer
Transfer

Source: Morgan Stanley Research.

Probe



Final Test pX 54 IR

FT BB ATER MR ERZ R, & E DS — BB R f, 188 7 BEIRIRE_EmE TR,
B B R ERERR R A ERR R R RE %, AIRA HBOREBE  RERETD )

Exhibit 18: Final testing (tester + handler)
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(power
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Final Test 5% 5 3848 B S0 4

FHEA AR i RE WP
HIFAHE(ATE) & RS e A A (FERR, BB, R BRIE) , ELEHHUASER MR B 3 R EhRE | Advantest (Z7E &) | Teradyne (F85fi )
A = ELIEHE
5yi%H(Handler) | b B B, FORMR I B EEME | b AR TIEAGRIBRE, (HE RS R PEERE RS (5 H o B 70-80%, FT £77) ;%
7 (LA SLT A3, FT fEA S 2, TEEhiHlRARE
S EE AR )
HIF#E(Socket) TR B G RR, (TR A R B 2 [, RS2 o0 SR S P R R B s SO RE G B | R ([RTHE | #6572 NVIDIA) . Smiths,Molex.
A Yamaichi, LEENO, Enplas, Yokowo
TE S (Pogopin) | FEZE -+ B+ THEEEM AL &b B ATE DR, (RG24 00% AR R B M Yokowo 2 = ZEAME T 37
Eaiii))
LR WIB A N EE R -, FAGRTEREMEE, WG s FHRA v B B R 7 P 3
(Elastomer)
HEEST AR DIB | AHE IR B HH AR SR 2 IR 1, B s (TEORL ml 22 SO oT) FE I (BRI 5 1 25%) | FERY . 91 (3%
/ Load Board) B 5 1 61.6%)

TENR R AN, EH G 7 BUIRABNE RIREFR B, SRR Sh = ) ; 2 3% | IR (ATC3.3—3.8 HEARERHRIE], %HE
(ATC) fifi ASP Jhik 3= ZLa S 1kW—10kW)




Burn-in test Z{LHIEA

Burn-in i H7ERIE, BB (A BB R B H0) T RBEIF— B, ARINEELL, EEIRKERRIER
FEALER K, BARHERESR FiRRESE, QURFEBUNE )

FOTHEF H RTAEEE
LB s B 2 UL RE ) R amT) ELEAMIM s . B4 G A MR 2 HAE, by
HIEA R B Ee ) BATAM AR RE A B e B R LR TN

KYEC Burn-in Application

RS R ETE BN AR, KRy S LR, Bl R or R - WO RH S
Pl g BEL 550 S5 S T

[GEF
DI g8 HORRERSE €5 . FLoT 3 A FH 58 KA Burn-infi i B 2VE & i1, E% P i HL A
AIEH (40 FT, SLT %) —DFRFCIA R T E BT, 16 Bz B0 AR BT 2 i

9

v High temperature
v Cold temperature

EINVIDIAR) & 1ER:
Hai#t#E NVIDIA & f el RO TEEENE, B2H Consign (5 7 #A 2% fk) #5X, 5 NVIDIA
PEA A YER RIS,

ST R R GT B PR R R,

AR AORME AR T ¥R - RO R D I 88 IR, ] BRp R i B ) LA A RO AR R RS



SLT RMARBIR

e T EAREIFR, FSRTEBEERMREREKE, BERRMRENE, Sk, REHPE, BESEA
;ﬁﬁgﬁigﬂﬁigﬁﬂﬁﬁﬁkﬁ\ TEABEMSEAEBERERE. (FTRRRER 2/ 2R
i )

TR B B — AR /R B T — Uk RT DA TR R S B A FRIL A R
FT 1 $$8$ <5478
SLT 6 - 132 (IKHIFESY $$ #130-120 Zy4E
Burn-in Test 122 (JE 1 9) $ 3-8 /)N (HEE)

Exhibit 57: Role of system level testing

ATE ATE
FAB Wafer Test Assemble Pkg Test oeF

Good Devices
=)

Capture the last

Package Test 0.5% of failures

Failures
Wafer Sort
Failures
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#&tF (Probe Card)Tids

ZHREH-RTAM

Memory
33.0%

Non-Memory
67.0%

US $ bn

2026 2027 2028 2029 2030
CPC VPC MEMS
$235M $235M $1041M
9.5% CAGR 9.5% CAGR 6.3% CAGR

BEHRIR: MPL, YOLE, Morgan Stanley



Probe Card Type

Rét-FEB
Lt 1=1:4
Ly |

Bl
AR
Pitch (8185)
mEAsRX
EIES E Y
FEEN

BETRMAES
He gk

CPC (BE=)
9%

B &t ASP (Price per Pin): 3 $3 ~ $6 7T/ &t
EIRIRERASP: £ $1.58 ~ $3.58 Xt

KFBE (458
£ & Fi2% (Peripheral)
=2 50um
F ITHA /RS
= (FEAIRE)
EFE ., RARIFZERS) IC

BER9:25% A ERER) 50 E&t, TRHAIG AT
WRIEBEE SR, DDICE FaiEmk.

InG. litek. FFmNAE

VPC (EHEE )
15%

Bt ASP (Price per Pin): #5 $10 ~ $18 3=t / &
BIRERETRASP: 868 ~ $128 £t

FEEFFLERR
A £ (Area Array)
> 130pm
W R B R R
— %
e/ E A& A

BERYZE M AVGO&MRVL, VPC i &%
2023 £/ 22% BEFHZE 2024 F£# 31%.
FEEIE 1% MEkkB VPC, TEAN
5 NVDA B9 gaming GPU & Grace CPU

MEMS (=Rt )
68%

B #t ASP (Price per Pin): £ $20 ~ $45 3=t / &
BIRIZHRASP: SRS Al &< :$20% ~ $508 E Tl b

F B M X Kl
A £ (Area Array)
35~100pm
HEAMEEE (B E-HES)
MBEE (R R
FHBFE, A/HPC, HBM

TERBHRMIEE, BT H SR 3%, £FE MEMS EREBAT
etk P Ey, FRHARE BRFRIBEM LR, #& 2025 89 3% EREZ
2028 £/ 10.5%.



HIFREE (Socket) i

o TR HAIAISIE 2024 AEAY 15.89 fEE 7T, 18R 2030 4EAY 47.75 {82571, CAGRE E 20%, K AVHPC &t A &2 A0 B2
%4 (Pin counts) =18 . JHIFREFH &,

o  RACTHA(2026-2030e), E/LHIFEE (Burn-in socket) AR BIHE (23.2% CAGR) 15 6 1k FHHIFEE (Testing socket) Y
7.8% CAGR, 35 Bk H{a] IR 2B B3 b i mT 5 B Y BR R IE R T

o EEMALAITIGH RFEE T (INEF Bun-in) B BT AR 43, SRS KB — g & BN 10% A4, B EWES
PRI RE S B KA T S B 22 [, oA JetE B S, 1E20224F 58 B BEWF #¥burn in socket, H Z ¥ H #pogo pin.
o FHEHIEBREAGTH (5 REM 2022 FHY 4%, (EEHENF NFIREE 2025 48 12%, FETH2 2R IR AL ERE,

Total Test and burn-in socket market
5,000

4,000
LEENO 10%

3,000 Others 46%

4,500 2024-2030e CAGR: 20%

4,000

3,500
— 3,000
£ 2,000 B
& 2,500 - b
u Lt
=
= 2,000

1,000

1,500

100 m =m m B s BN

S0 2024 2025 2026 2027e 2028e 2029 2030e
i Advantest 7%

2024 2025 2026e 2027e 2028e 2029 2030e M Burn-in socket Test Socket

(US$mn)

Yamaichi
9%

BERIRIR : Morgan Stanely, Yole



431225 (Test Handler) 3%

SyiggniE HEME TR, TBAFRIERMAHIEET) BLRBURHIE SLT) B BatEAT A A (C) BIIBU L ENL,

BRI 5AR (Tester) BRI E - FEFT SRR, 4588205 & 1 14 A (B (C Trays) B HH MRS YE HCE 7 TSRS, 28 H 21 BfAdvantest V93000) 252 %ii 2 (Teradyne

UltraFLEX) S5 FABER Al f5 15 IRRE P ZH B — B 5008 a5, (EHRUIREE - B A ar gibhr) 755K,

180,000
160,000
140,000
120,000

100,000
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20,000
0 — - a o

2020 2021 2022 2023 2024 2025 2026e 2027e

(USSmn)

M Total WFE TAM Total Test Equipment TAM  ® Total Handler TAM

k(e 2

Cohu

F)IF

HoAth i (Advantest,
Techwing, Epson%¥)

LRRIyBIS LR Bl B s
(FEA)

~32% FB =R ATC) | R SLT —f%
4

~15% - 17% B E A | R
R

~8% - 10% PERA LB A, 22 BV IR
H T

~5% - 1% BB, SRR, S
JEE R

~35% - 40% % H SURFHA FR S i3 (4n
Techwing) B JllAEE £

FEKIRERA TS

HRETHAEAL & 7 HPC,
Sei s

AEREH | HWEEE T
IDM Ji%

R BRI AS BRI TR
(OSAT)

B B SR
SoC. 5G 1@

RLUERE, W HLRIHIC

WFE {5 RS AR 52 R REIAT AL TR | IRRIRFRIRL = DL RCPOSE A HIEA T R AV B, /3885 5 2Bk S BIMGEHWEE) TR0 e, TREHIS 2024 4249

0.5% HiL 2025 41 0.9%, F=RpiE R 2027 F091.7%,

BEEIKIR . Morgan Stanely
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NVIDIA

NVIDIA
AMD
AMD
Google
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AWS

AWS

Microsoft

Meta

Broadcom
Tesla/SpaceX Al
Intel

Apple

MediaTek

Qualcomm

Efh
Al GPU, Consumer GPU,
CPU

Networking

Al GPU, CPU
Consumer GPU
Al ASIC

CPU

Al ASIC
CPU

Al ASIC, CPU
Al ASIC
Networking
Al ASIC
CPU
Mobile AP
Mobile AP
Mobile AP

FT Tester (ATE)

Advantest

Teradyne
Advantest
Advantest

Advantest

Advantest

Teradyne

Advantest

TBD?

TBD?

Teradyne, Advantest
Teradyne

Advantest, Teradyne
Teradyne

Advantest

Advantest

FT ATC/Handler
REE)

pEES)
pEES)
RS
REES

PR
PR
RLO)
TBD?
TBD?
REES)
REES)
Cohu, Hon?
JRE
HEES
RLO)

SLT ATC/Handler
38573

B
Rk
% (M1400 series)

Broadcom: No SLT /
MediaTek: &5

ik

US vendors (F%0)

JBS (F4h$h?) / No SLT
TBD?

TBD?

No SLT

TEEN

AEM

IBE

IBE

Teradyne
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CP EL Final Test: X KRZERAEBAREE], MEHRIEERE DUT RE

 CP / Wafer Sort: B # i E 2] wafer E#f Die; Final Test: £f #£1% | packaged IC,

o {1440 ] LLE)E DC, Digital, Timing. Analog/RF., Power 253 ;CP 484~ 2 NmEIER .

CP / Wafer-Level Test Final Test / Package-Level

Q ] S

DUT = Die on Wafer DUT = Packaged IC

B HHR¥E : Advantest ATE basics 3
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JEECIERE CP Al RIEE
O worerminz Bt (Algnmen)

Probe Card &M Continuity /
Wafer EA9 DUT / Die Open-Short Hl&

ATE : {3 - %% - &7 - tb¥

’*”?EEQE“‘E" »  o—W—o
e : : o REURBERIAY
= ppatenmyz e = = ' ! « 5 DUT RfE
SSRLBIER R #& Wafer #{A ETRARYENAL Probe Card 89iF&t WEESRE & . BRI
S (Wafer) AEA (Prober) BB T (Touchdown) 1454 —% DUT / Die Eﬁéﬁﬁﬁﬂ%ﬁiﬂ vl I e it
Ly o BATRIERER ;

v
(LR > _I'L‘ nn = 1010 >
A 0101Q f—l_I—L‘
REQERFHET LR - BABRSH BEBUNEREFTE %38 Scan / ATPG EREGM TS
RERIAFIFBEIR (IDD/1DDQ / Leakage) 108 TR B%Fiiﬁii&at

Prober : #%& - H{ - iR#E -
Touchdown

2
°

ey

o Wafer B E)#5E

. BRI

o B (Chuck) |

. SRS ‘
( Touchdown )

v |
Analog / Mixed-Signal . Wafer Map £ #E42 Known Good Die HRE ) B/ %
Mt (HESTR) D pes i min o Yield Analysis LKGDY Enahlst Probe Card : £ DUT @37 B 128

/\/ - Good » » —] Bh
i ¥ G \ =
b E m - z)ati:ers \ : oE / %%—‘E'[VJ -> * © BEERS
W - o B Wafer £
WAL / BEASASE KRS RET &4 Wafer Map £ Wafer H1Z3 ETIE - Hig DUT R BHEHAS |

(RERME ) Pass / Fail 82 Bin /%8 AT BT Known Good Die (KGD) A Final Test

o XIREA/ SRR

CP B0 B/

0 FEEERIRRE Good / Bad Die | e {4 Bin % %8R Known Good Die ¥ | a 1218 Wafer Map SR / M2




CP7ERM-EMMENE  BEE Die EERBHIRZAT

o CP J& MUFR Bt 7 [ ) B 3 B ] ; JeatE BHEE (chiplet / HBM / 2.5D/3D) i 151 KGD FORSTEEAH,

IC Design - Foundry - Wafer > CP Test i al Dicing/ KGD [ g Packaging om g Final Test

PASS) — Good Die

FAIL — Stop Here

SeEEHEEE, $5T Bad Die {112 1509 AEE = — CP Test Quality FU{EE T2 =



CP Test : ATE + Probe Card + Prober fit—AF 1]

Hin s, B8E R,
HIERAEHE
PRETR IR LS, o2 PRI

R, AFHMIBRISHE SRR
AT, WHELRAATHE R, it

Probe Card

x\ ESm— AT

I FEIE BN, B S . LB R
| o F#E

—=Z=

=

PR A H LS AR G, PR Rl R e
AL, S H SSRGS, BEIE B R
FRFEIEBRRAT

RV IS A a8

ATE a4 — JIFREEELE R 1l — BEEH PCB
— T RS — PRETERELE R — Sk
AR — [EHEEASRIN T H 2% B ATE HIE,



Wafer Prober - B B A [EIEZE] Probe Card

FEA BT /% T BIGE - 2 ER4E B Bhak BIHIEES & F 2 MpE i RIBE 25~28%). RIRETF (22%).
Semics(15~20%). FEF WA, 202442 ER AT = Kk s Wodd ek 77.46%.

HEREE v.s B RMKRE

oA ] BAEE (RRW#E. TEL) AlELE (FY., BEE%)

S G 12 I (300mm) $Z#£ S Bl . TRERE. NE.ER. WEY
SR, SRR ERKE e (SiC/GaN) . BHFo
ﬁo

BLES HBEEHE (Throughput) . 18 | BHEELEED. ABEER
BB FEESE. B2E | . SH/EEEBERIREE
BRI SEEEREME, #, B,

YIA SRR B2t SEEMNEMRT B R RS A E RS/ IR IR H Y
&, BEHAEL




Main PCB Top stiffener Tester interface connect pad

-

:-:-:-:-:!?-:-:-:--
Bottom stiffener

lﬂh [
mobnrl s AR

ITTTTTTTTTI
Guide plate MEMS vertical probe

Device under test

(Wafer)

ATE BE358 — RIREREERME — BREHF PCB — 14t/ HI RIS — BRETER
BEHR — RE ERYSRL — EFFRSRIB M EEE ATE ¥)E
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TR RPRTE Mt BE
1 B3R E EEAE, B RE. FALESHEEE
2 MR ERAE 1R B R 1R BE AR S B ERR AT ER e R
3 X SRS HRETRREMER—B, BIREE
4 BB MR SRE ID. #E5%. sABAELE RARA
5 £ FELTERE fi EREZER S, PHEEERO RS R

6 [E % LR LUIRBEE E M E, FrHEEE

I]

7 BRIELIEARRERE HEEE. RESEREMN, HEiHR

e RREY
REHEM ATE RS, TRRTIFih
PCB. felfEEE B AR $R¢
TR

ATE. Prober, BRIE;EE . BEK &M

mER FOUP, (BHE% . MES £ E R

REO.WWTFE. TAEUSF
ChUCkﬁ EE /%i&%ﬁ Jm g /ﬁ“%ﬁ

BETE. B, 2RI, REF

R{E SR
iR ALRIREAZ Al RE Z Be

BE. RERELEREE WRGTHRREHE RAX(HEREE SR

2

BABERAREREFTETIZRRE

EUEH BRI TR R

L

W R L B B AR

RERMREETEERCENE

BN R SR REE R RIE R



REEMAEIAZISERL CPRIRARITIRE
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8 HEARELAE IS

9 LERAXREMN

10 ThaeflE

11 MR B AR

NRBPET—UE

13 BRHETRE

14 FRIERERE

15 S HREEMAT

RFRE M H B

WEERIKE, HRERHE KEXTH

KIEEIRFHE, HERBEER

A RIEFR, EE &R RS REIER

WERE. FLLFE RF SUE A4

—RE—HFHLH TRERBEIEHIEMR

REMRXBBEERAELH LERFERE

AR EAR S —RES

EREXR RNFREGCE, #EREN

BB RSN E

ATE ERIETR. &t~

DPS EiR.PMU £, BRI

Digital #fii@&E. 2=, &t~

=R HEtE RF SR EERANE

Prober & . £t

ARAARBR BEIR MERR

FAIE S, SR, BN

Wafer Map. jAlit & ¥t MES

REREER

TR EBER, BMORY

REF. BN RIRE R

BN E BRI ; th AT AN E SRAM

BRERREE TR & ARTRE

RLRISRE5E | Dy B il Ae DR

A
ap

El

FH. SrRER BER R ERE

BINTE FRRURBEABEEETRE

EMEREEZERENRM R KA



ATE WA R—EEHIE: DPS. Digital Channel, PMU -] 358

(— BEEEN Hmh L8V, EERNTAE
ARHBBERSE iy \—HUBAT AR, BRI THEEDhAE
_>
BRUBH. B KK KRELS Lk, BELGRE . HE RS E
R B igﬂ RAET ﬁ% ﬁEEJEDL LEEDL
S| R B Wor BT SR B R e, U8R OHE . RO R s
ATE PLATFORM 7 RESSA - ThAEIE 2 (B3R e R[], T AR BRRAS B
kModuIar Instrumentsj ;‘ @

ATE 2 ik A BIRARIRZ Diself, @it e, sy ARIRERA SR M Bl R RO, el A
HOZHRE, FEFR B R A AR, SE SRt SRofE B3 J,

BRISIR : Advantest V93000, Teradyne UltraFLEXplus




FEREBREE

HERREEA LM LAPEBEAIEEER
#& Lk, MCU.~PMIC ATE 20 E~100 & FERE. RIAIBE A . BRS8N 6 5 B A SR E mT B HE (=Rl
BECRERM
h S/ SoC ATE 100 E~300 & EEEE., IREHAE. HERSKETS
BECRERM
EE & Al HPC ATE 300 E~800 &L L REGREERER . FARAA B EREEE
BEERERM
200 mm B &} Prober 15 E~40 & Wl $H41. 568, B ESEMEHFEHNR
g8
300 mm B &) Prober 30 E~80 & BEEA. ERAH. RERRFE. BEMEER
g8
SRR 1% fEff Prober 80 E~150 ELIE B, 28, B ERAFEREE ; AR B IN—i%Prober
FEEH
YL 4 B HI 1R ED 3B~20EL BEH.BEEE. AN E, tRHEEERES
gE
WIS RER  HEXRE 58~30 &L BEMLEIGRIRE D ER K FHRHEE 2 A E S B 0E
B85
it raLEBRENE RIBMHATLLEE fESt, fHEE SRR, LA TR, BRIGEFRILHE

BEHER



ATE H& Prober By N ESE4H {4

THY T{EEAs ME EROBRHELLE
Test Head jAI5XEE B EERENER BEIIRAFNVEREE BEEATE BBE; B ERRAR, MERKHE
Digital Channel {4548 EH 0.1 FAsR I L8 [EFE, RIThAEEL R E R RELEBERE ; ROFATE RRiEE
DPS ER#EH ®E. EER, EFEEEREL RiEE., EREEE, ROH. BETQEATE
PMU 2# =82 FRHEENER B S REHEIIKE AIRE R ST EER, RLEBILIRER
b B RF 1848 =RIFELLAEE BT RS 1T REE. R EERE, TEU—REARE
F BRI S BITEER. WEEH . EEHESR BEREM S BUIRIE., HEE RS HIRS
Manipulator E& Docking #E. BERGRE HirEEERGRE EHEH1 E~10 BEn, E ARILEAES
Load Port.” F& ~ FE# i %s EKEEES, RALKkEAR EEE & Prober; Ei8 % A B ® s s AR HE
XY B Z BHEFEE FEESR. £ THEBREHIZEH BEEE Prober; 25, RIA. BBHEEHEE
Chuck BiEZZ R if Wb, XI5 ME, R REES BB EBRI2E~15EETR
B SR RN, BEEAER EAEEEEEE A0 ERARNE

BB B BiEsR R, HE. ARERTEER HIEHMR S, MHRAE RE-KRE



Pin Scale 1600B Pin Scale 9G Multilane Link Scale Pin Scale 5000 Pin Scale Multilevel Serial Link Scale RevB  Multilane HSIO Ext.

128 pins at 1.6Gbps 64 pins at >8Gbps Up to 32 lanes SW-based functional test 256 pins at 5000Mbps 16 lanes PCle Gen4 x86 COM Up to 48 lanes
224MB per pin memory Parallel/Serial interfaces ~ 112Gbps PAM4 System-like test 448MB per pin memory 32Gbps NRZ & 32GBd PAM4 128 GB RAM 224Gbps BERT
1mV accuracy PHY test 35GHz bandwidth scope USB / PCle SCAN test Advanced Universal pin Converter & PHY test 70 GHz BW Scope

¢ & = ¢ & & o

DC Scale DPS128 /64 DC Scale UHCAT DC Scale AVI64 DC Scale FVI16 Power MUX  DC Scale XPS256 DC Scale XPS128 DC Scale XPS128+HV DC Scale XHC32

IMixed Signal & RFI Power & Analog Digital Pin

General purpose DPS High-current DPS Universal analog VI Floating high power VI “Sea of switches”  256x 1A, unlimited ganging 128x 1A, unlimited ganging Extended voltage range 32ch x 20A (640A)
01 02 Unlimited ganging
Wave Scale MX \_\ Wave Scale RF 6/8 Wave Scale RF18 Wave Scale Millimeter Z Wave Scale RF20ex
Up to 16 AWG / DGT 4 independent RF subsystems 8 independent RF subsystems
% 5.85GHz to 18GHz 24GHz to 53GHz, 57GHz to 70GHz
¥ Up to 64 PMUs C 6/8GHz, up to 32 RF ports 2 20GHz, up to 64 RF ports
H . s : Up to 2 GHz bandwidth w Up to 2GHz bandwidth S2GHz bandwidth
High-speed / High-resolution 200MHz bandwidth Conductive and OTA test

Test Heads

Direct-Probe™
Same DUT Interface

- p— It
= ;
V93000-EX V93000-CX vssooo-sx V93000-LX = -~
3 slots 9 slots 18 slots 27 slots DUT Scale Duo

SmarTest + Libraries + Test Programs + InstaPin™ Licensing



ATE: EHHIE

el A R
TR

Test Head
IR

BEERE

H/RFHRF

BeERF

BALEASRAR
e

IR
JriE

Probe Card
BétF

Chuck &4

IEES )

REBBYS

Prober: Hi BLIE 1%

R HERHE



Probe F:#f748f : Cantilever. Vertical, MEMS R BRI {EE — B

MEMS A B AE At b [ ] 1]

R TR R H0) BB AR 115 A1 5] S il
St IR, B IC #gtit; CPU, GPU, SoC % IR, TARAE R e HOBRIE B

BATERR, B B EARA B AEE,
A 18 A 5

PREVE IR B R ST nlRE & it i, A

AT ven it W B i P 71 AR

IR : FormFactor, MJC, MPI, B4



BREHF B RO IR AR

PRETR AR A BEROLE, $HBCERHIEATR R Z WA ST, AH R R PTF5 22 a8 - Mo 4t Ay e ] e R R 7 mT
TR, EAREFERMEET R, (AR — F db B L iHAE— ik,

MR E

—RBEXER R

EEX MEMS £ ik

=6 Al HPC 2+ 5k

#Et+~ PCB #ik F
HERERRF

fE R E AR~ #E

Probe Head $££t88.7#2

BEXRE #Ha

SRILAE Bk E 4

AR BRR R

BEp ISR

E bt )
3F~3H
3E~308
30 &~100 &Ll L
1F~28LE
5F~5&LE
5F~10 &Ll
R AISEAILER
Rk aRHE
REEREGHE
100~2 F

500~2 ELlE

REESABRETF
BRIESH B RAARE R . S AR B R AR At AT R B
S84, HEEREEE. RAIS. EREER
BEE. KEfR. ABEATNAE aEER
BH.#H. R RBEERMEER  FEEFR
BEMERREERSE MAFNTREREFR
B8 PCB MR IE RHIE; BE ARFLETH
SRR ES R iEE B OEE, BRFEEEX
TRARFEERMBERIHRE BRI REFMEE
TRE. RER. EGEERTGD
HE. RTEAZZEX, FETRFRRE

AR B R ESHERE KEBRETREES



(B3 R A

IR

ATE

£ Prober

TE/FRAERRR

SRR R

#8t+ PCB N EES

et RELERTR

HRER TR

CP &5V R AR

REAR

Advantest. Teradyne; 5% Cohu, Chroma %%
RES

Tokyo Electron, Accretech RIRFE

FormFactor, MPI BE3Y

Technoprobe, FormFactor, MPI BEAY ., thZE#5:8]
%

hEREA #E FICT ARG LER

RIS FEAEF B MR FEREME SR

ERREthERHER

RUEF.[RE. BAAE

TiEEF % DM, A

LirEFRERRESER

e F; thiEsRae . BXAR., RIRRREMR

HERERIGRL . IDM.~ S Bl ; 57 HE Al B S 1R 0E 14 2 RR SR

g, S5, DIREER TRREEIETEMT G5E EE Prober T

EifsAiRet. EiR.PCB Eat# Tl AREHAE.IDM. RE. /BRI

FEt. RIRELE, MEREERETRRZE FAIEEE K

EHEFRRK B HRREE. FHRAMEREE R

HEAR HREEG BEAEMA. RERRHFNEKEE

K REREFAGRE, RiER. TEAGEEE



¥ (6510) | AL/ HPC &R E AL ER

BIEA REREWLE

HawiEET

A

405
—T

16.1%

2026H1

21.4%

=i
En:fﬁtb u Automotive
I RF
24.8%
m Others
HPC
mip 37.0% 36.1%
2Q25 1Q26 2Q26
BEm SWLE
(=] E AR =
MEBEET
1,640
1,357
1,216
2026H1
SER
L5301
76%
w iR R 70%
65%
ICRIEHR
u RERARF

2Q25 1Q26 2Q26

£/R7
2026/08
2026/07
2026/06
2026/05
2026/04
2026/03
2026/02
2026/01
2025/12
2025/11
2025/10
2025/09
2025/08
2025/07

FeiZ 2025 Q2 2026 Q1 | 2026 Q2
&k 12.16 {& 13.57 {& | 16.40 {&
EFE 55.8% 56.8% 57.5%
REEN 2.16 {& 3.42 15 4.94 {&
A
EPS 6.57 5T 1043 T | 15.02 3T

5 (6510) A B A4
iz =Rk =EFH R Fat B
638,311 3.86% 413,758 54.27% 4,249,901
614,606 7.09% 410,084 49.87% 3,611,590
573.909 5.79% 409,375 40.19% 2,996,984
542,510 3.69% 404,580 34.09% 2,423,075
523,179 7.33% 401,780 30.22% 1,880,565
487,462 17.24% 388,372 25.51% 1,357,386
415,798 -8.44% 383,269 8.49% 869,924
454,126 16.21% 380,733 19.28% 454,126
390,779 -1.96% 450,696 -13.29% 4,806,013
398,592 -1.95% 452,682 -11.95% 4,415,234
406,499 -2.80% 385,870 5.35% 4,016,642
418,192 1.07% 317,289 31.80% 3,610,143
413,758 0.90% 302,038 36.99% 3,191,951
410,084 0.17% 297.629 37.78% 2,778,193

BAfr : £

£
33.14
30.00
26.56
23.71
21.00
17.79
13.86
19.28
33.33
39.99
48.69
55.92
59.75
63.80



Ml (6510)

FEE IR R NEA T B G fE PCB., JEAR M PREHARIRGE, DRk, S, k. g BB R IRE ., B2 ATE KU, g
Wk S B {E'JuiﬁIH#E’J(EUuiWCIWIO
ERAE £ CP i5HI{RIE AHRAR
Probe PCB 1Rt R BB R AR EREE, ERAGKLERIERE BRI AR B R B AS FALLE
th o1 B2 ) PR AR B AR £ PCB M KM IE s i E R K ARt [E 5| MLO.EIEF#E1EIR R AE T2 — REEHR
Probe Head 1#£t58 BRI E R MR AEES REBETFNE R #E. BN, FEZEEE
SERRE R B, EiE. SRR RN ENNE BEREQSSEEMG A @ EEE

B R mALER

All in House fIRE55RFH4E & it S, ML K B, pisE LAOTBELF R 2 5 i d | MR e U SR RN I ], I BEERGE, BEAEFnEE
(L, EWARRATA R R 4 A ), A REE B E 9k FAY A R,

H EREAE BRAEITES ., WhaE BN B BONREE 508 78 ok B RE E RERI RN R, BER S th e A BA, EIERBSE R R &
Bgre *k/\i‘§4 IRMERRA BLA R A, T ;X b B,



— {528, Signal Chain: ATE # — DUT & — ATE ¥t — ATE

Digital 1/0 7E#ER it L HE & [ EBEIR FE + timing | ; Probe Card /& & A AR, 1M & HUEASREAS Probe / DUT

Stimulus Response Expected vs Actual



Digital Pin: 0/1 REFHMREES, MR4E VIH/VIL/ VOH / VOL EHERERE K

e Input: VIL(max) LA T £875 LOW ; VIH(min) PL_EA%FE HIGH ; 1 [ B35~ AR5
e Output: VOL(max) / VOH(min) & DUT %54 ) LOW/HIGH ¢ 2425z B Bk

LOW Undefined / Transition Region HIGH
<0.4V 0.4V ~ 1.2V >1.2V

VIL(max)=0.4V VIH(min)=1.2V

VIH / VIL = DUT FE I ABIESE VOH / VOL = DUT #&BI A\ BiE %



Timing : Voltage ¥} T3 FI8E FAIL, K% ATE thiE® [{alFzx, (K

100 MHz — 1 cycle = 10 ns; Drive Edge €% ATE {n[Bfe 8t A, Strobe & F&{aFEH]Er DUT Output

Strobe = 8ns

Setup = Clock RTELCRBE Hold = Clock # B E{R# Jitter = B TR AR Skew

Skew = A~ [ pins / channels %8 — i Z|



Signal Integrity : ATE 5%} # DUT & — B —RAVIKRE

=

1518 1% PCB trace / Probe / Connector #f3/& transmission path ; JALHT~HAE € 15 5K Reflection, Ringing, Overshoot

i N_~—

. — l
|

Impedance Reflection Crosstalk Loss / Delay

=iE / & pin-count T, Probe Card RIfEEMEI 8 | FHER A #FF measurement fidelity |

R EIEIR : FormFactor 224G probing )




Continuity / Open / Short: SCRERBIFREEL R (E, BMEBEER Functional /
AP

o 178157k : PMU Force /)N&E{it. Measure Voltage ; ¥ 1 DUT 1/O protection path | contact / open / short,

—> Probe / Pad ey 4l ESD / DUT Path —>

Open/Short J& observed electrical symptom, /~% 2 root cause; 7] 22K H Silicon, Probe, Prober, ATE, Program,

B E / e Test AT — Gross Fail & Early Exit — #i44 Tester

Time



Leakage, IDD, IDDQ:ZHREIEH, FMAREBRFFE—ESK

Pin Leakage : PMU & ] Force Voltage — Measure Current; Whole-device supply current HI| 55 2% H DPS &5 1 &,

Force = 1.8V —_— DUT Pin —_— Measure = S5pA oy 4 FAIL

Limit = 1pA;5uA > 1uA — FAIL, AZEH Force / Measure / Limit J&7E— 2,

Functional PASS . Leakage FAIL

IDDQ = Quiescent supply current ; 7] F 2] £2 i

b
)
G
=
G%
—
T
iy
2
o
"
F
i
i
=
R
B



Digital Functional Test: Vector —1& Cycle, Pattern 1B Vector BBk

o [F]—1{& pin /A 0/ 1:3% A[HESE Drive 0/1, Expect 0/1, High-Z. Mask (Don’t Care) ,

1 0 0 0

ATE {% 1t Drive, #ES5t 5L DUT [7] i [F]
— 1/O pin 1&f% contention,

Mask / X

7% cycle REE I pin #% Pass/Fail Compare ; &
FHTE W A2 sliA Kt undefined HiaiH,

Functional Pattern:583& [ & SLThBE G & T1E)




Scan Chain: {2 AF REIH NEB Flip-Flop BEk vl W&

Scan FJEZ.LME{H = Controllability + Observability ; 1~ & ZhEEHIFR, M/ DFT structural test HJJEAE,

1 | Shift In 2 | Capture 3 | Shift Out 4 | Compare

Scan Enable = 1 — Shift mode ; Scan Enable = 0 — Normal / Capture mode (/&L B fi%)



ATPG + Fault Model: EEiS B 8h & 4 [ R EEI B 4G EREHEBE 1R Pattern

\ i ] Fault Coverage # BB Defect
Stuck-at-0/1 H4# internal node 7KiE 1F 0 8¢ 1, Coverage
Slow-to-Rise / Slow-to-Fall ; fiz £ & 2| [ fife {5,

BN 2 1511:1,000,000 1 modeled faults H detect 980,000
— 98% fault coverage,

Transition

AT AN FZAH IR node FZAK bridge /

Bridging short, Pattern 7 — Test Time T — Cost of Test 1

DFT PR IEE{k: 7 Coverage / Quality /
Test Time Z [H i (EEG,



At-Speed, Speed Bin, Shmoo: CP R R 43 Good/Bad, HLeEiREEEHEEE S

=

* Frequency 1 — Cycle Time | — Timing Margin | ; At-Speed Test 41T B B8 FE /44 Timing-related defect,

Speed Bin Example Shmoo: Voltage x Frequency Test Accuracy — Revenue /
Wafer

#; Test System uncertainty A K
, Good Die RJHERE wrong down-bin

PASS
S - _ High-bin Yield | — ASP / wafer
Lo
SE /& 211 Timing Accuracy / SI/

Thermal Stability fz #&#0 & 88K
g1,

Voltage

— Speed capability Y% 7E 3.0~3.2GHz [ [#]
’ ﬂ’ﬁﬂi%@ﬂﬁﬁ SKU, Frequency —



Analog / Mixed-Signal: EIEEERYZ [ XE R ], MARREE 0/1

ADC Analog — Digital  INL/DNL/ Conversion DAC Digital — Analog  Output accuracy / linearity

PLL Clock / Frequency  Lock / Jitter / Duty LDO / Bandgap Power / Reference  Vout/1Q / Regulation

Set — Wait Settling — Measure —_— Average / Noise Reduction . Test Time

Analog Test )% 5. bottleneck : Accuracy x Noise x Settling x Test Time,



Multi-Site / SEATHIR  R#F BB, tWF[EEEE Cost per Die F{K

Multi-Site A & & — K touchdown [F]HHI 2 HH DUT

T

#i5m UPH Piim UPH Piim UPH PHm UPH

3,600 14,400 57,600 230,400

| FRABFHE electrical test 1 #2, 100% parallel efficiency ; B FE & #% index / shared resources / fail handling 171K,

Card ASP 1 E— UPH 1 / Tester Time | e o S8 —E DieiA T

UPH = Unit Per Hour
f/ NIRRT LA 220 DUT / DIE / IC
1E CP IR, B —EIRE N throughput (Z RERLR) FEIE,

Banan R —1& test cycle ¥ 1 £, i B A single-site: UPH = 3600 £ / 1 £ = 3600
FrEA: G/ NRERAOT 3600 FH AN SR 4-site, tghe—RRIRHA 4 FE, i B HAMARRET—4K : UPH=3600%4=14,400

{HEE R =35 ZH084 : Prober £ BHKF[#], Touchdown, Alignment, Retest, Probe cleaning, Thermal stabilization, Tester overhead, FTUAUPH I & b B A5 {E 152 TAK



Bin, Wafer Map. Yield: [F]5& 90% Yield, Failure Pattern ] LA52 & [H]

. HEAMAY failure category, {540 Leakage / Scan / . BRI RT3 : Good /
Soft Bin PLL. e 1B Reject / Retest,

Yield % —#%, SERRREAR—H Q

Center / cluster fail

Random / scattered fail

Yield Debug )] Wafer / Lot / Site / Pin / Test Item / Time / Tester / Card / Temperature,



Correlation / GR&R: [F]—§8 DUT # Tester, Probe Card, Site, f5 B BEAREE

—E

Repeatability

Reproducibility

Correlation

GR&R

[fl—% setup BAM, #ERBEATE,

4 tester / site / setup 7%, #& RHENREEHFL,

AS[A] measurement setup ¥} [F— DUT AURE R G—E,

Measurement system A& FH ik "%/ variation,

Golden Unit / Wafer

FH reference device B5 4% tester /
card / channel /&4 drift,

Production Confidence

Correlation 4f — Retest | / Debug |
/ Qualification | / Time-to-Yield |,



Spec, Test Limit, Guardband, Cpk: HJFB R HLER Yield & Quality BYpF3E
b

e Product Spec # Test Limit; Measurement uncertainty B4, Test Limit &XEE L VT 5 H Spec, Guardband FEHERME /)N,

Test Limit Product Spec

K& — Overkill / Yield | BAERE — Quality + Yield K¥ — Escape/ RMA 1

Cpk:3E Process Distribution EEfff Spec BH £/
Margin




AI/HPC Power Delivery:{SEBR, BEME# mQ &R v sEE R ARIE

o #Z0AT:P =V x I, Vdrop = x R, Ploss = I’R ; Current #%5, CRES(Contact Resistance) / PDN / Power Probe &4 #E,

Remote Sense Decoupling / PDN Low CRES Power Integrity

B DUT Ui B IS Voltage, fifE 1%

IR Drop L ZEW#HE load 1Y Voltage Droop, FAES Vdrop Ei I°R heating, FHEE T N VDD {5 2 fE,

Power Delivery 1% — Good Silicon t1 7] 5E At-Speed Fail / Down-bin,

R ¥R : Advantest V93000, FormFactor Apollo 22




Thermal: AI/HPC BBt F5BIThRE 1R T BERY Test Bottleneck

RAEEME, Y, ERAFEC ELER AHED

BEEFH (self-heating) Broki¥ (B 2

IR FeE, B IRA SRS, EMERL

| @ l)l"‘=ﬁ EE.TAb'riiﬁhu
) |ﬂu ”.“E“'MEHEHEHE i « Timing / Frmax 37
I} * Voltage Margin g%
* Bin Accuracy it
* Correlation %

Chuck + Top-side /BB R #

2026 : TEL i Prexa SDP, iff 8 Teradyne UltraFLEXplus &
P25 24 Al / data-center KGD screening,

R ¥R : Tokyo Electron Prexa SDP, Teradyne x TEL 2026




Probe Card Anatomy: EARZEI—3E PCB + %#iR#t |, ME—ERBEER /SR

ST T R i Signal / Power
routing
Space Transformer K pitch — fine pitch
Probe Head i / PEF1 / planarity
=N
bump

7M1 Probe Card /A &]Rf— E 2 : i — & /& B
R m—EEE 1P ? W— B E 2

¥R FormFactor, MPI, KSMT




Probe £ i1 : Cantilever. Vertical. MEMS FRE#MMER — Bk

- _ . . . . MEMS FEffi 27 R I & 2 A
=, % A - 2
R 24, Peripheral Pad. /& rea Array. Flip-chip. High AE ], TEEZE Probe HIfSLE

in-count Pin-count
P 3 1

IR : FormFactor, MJC, MPI, B4






Probe Card: EIEAVEIRTIE [ RFERES |, I AR RGHEREHF

Probe IP Fine-pitch Manufacturing Space Transformer SI/PI
Contact Physics Lifetime / Repair Qualification Field Support
B LARRERARNS 2 [=E e A RS A SR 2
e g s \ \ AR i — N
TN (8% AR TARIBIORRT  ESEA + RERK + et oy ERUE o B L A
:CRES / probe mark / SI / thermal / yield TRHEHE + ME(S R T RIS, RN AP R AR e TR

—RE SRS BIRERRTE — TPl

correlation / cleaning / repair #%2 EAHL, FEEEA AU T b R (R

EEL PREHFR MR R A R B S ERG TR B BB R T, K] B S A R R I A S e SR A

RK¥EHR : FormFactor, MJC, MPI 26




ATE B4k : EIEEAIR Modular Platform + Software Ecosystem

Timing / Pattern / Channels TR

Installed Base

DPS / VI / Transient

Software Ecosystem

Qualification
Precision / Jitter / RF
Instrument Breadth
Backward Compatibility
Software Test Program / Debug / Data

ARTS

Capital Equipment

ATE technically FJF5{t, {HU)#LHFHE Test Program / Engineer Workflow / Correlation / Interface £’
—fL#E) — switching cost 1R /&,

R : Advantest V93000, Teradyne UltraFLEXplus 27




Advantest vs Teradyne: AI/HPC A& —FATEZ ], TiZEME SoC ATE Y

Advantest | V93000 EXA Scale Teradyne | UltraFLEXplus

o 5[ SoC / AI-HPC installed base 7# e UltraFLEXplus % % pattern-intensive Al / compute

* Pin Scale 5000B : pattern-intensive AI/HPC test * 2026 #E#7 Digital / Power / VI instruments

e Power / Analog / RF / electro-optical FJ#72 * [G-XL + Multi-site / production economics

e SmarTest + % X, compatibility * Al networking / vertically integrated compute exposure

EIEBBsE: T—RX flagship design-in + test architecture fit +
switching cost

Advantest 2 2025 Integrated Report 5| F H AL Fl: CY2024 #£54 semiconductor ATE market share #J 58% ; i st 1 FEHLAH A,
g p

REIR : Advantest V93000 2026, Teradyne UltraFLEXplus 2026 28




Prober: R~ R Wafer, & Micron-Level Motion + Contact + Thermal
AN

Wafer Prober X/Y/0 Alignment Z./ Overdrive

Probe Load / Planarity Thermal Chuck
Automation / Uptime Vision / Probe Mark

FHELF : Tokyo Electron (TEL) Bl Accretech / Tokyo Seimitsu %5,

A[EAR, {H recipes / alignment / thermal correlation / automation / qualification
AP EE AN — replacement friction /5,

R EHIR : Tokyo Electron Prexa 29




Test Cell Economics: E1IER) EHEH Weakest Link 1€, A REFESHEH
%

ATE Capacity =100  fomms o Probe Card =100 — Prober = 60 —> Cell = 60

I ATE £ 100 F+21 150 % H, [K14 bottleneck i=TE Prober 60,

Index / Contact Time Electrical Test Time Retest / Downtime Thermal Wait

ELIE KPI: UPH, OEE, First Pass Yield, Tester Utilization, Cost per Good Die,

R EKIR: Teradyne Test Cell Ecosystem 2026 30




Bl CP Test AfRR HEATFI BB E, FiEiBRHERRENOBS

CP Test Cell BLJE B4t fER
_ e Probe Card e DUT / Wafer e Data / Yield

Advantest / Teradyne MPI / G5 / EEH Wafer-level DUT FNES / dkEE

AT ARS TEL / Accretech

B BRI/ FE S/ A/ IME  JE A Probe Card i BifE, AN
{£ ATE—DUT ¥ signal path i,

Probe Card #<B# : Vertical / EVS / Test Interface : Probe Carc.i 4 Lozg ?LObe rcﬁrlij/jjcgg\g{l?ﬁee%n%{ﬁHHIU”‘% Probe Card #I3&3% 0 : B BEET / F 4
Substrate / PCB integration, Board + SI/PAI + T/h\ermal ;2026 S SIS S USSR Fal / 3B4& ; Technoprobe ﬂi[n‘x&b
FormFactor & K& 1E, +o

31

RE IR : AT EH, ®E s, FormFactor 2026




MPI / [ERY iR ITER# £ + AR + S, MARRE—EIR

FENL : i [E SRR 270

Probe Card & H# & & £

Vertical / EVS / fine-pitch probe know-how
H 7 substrate, needle 2% #ERE /)
PCB/SI/PI &

FEAE BLAE MRS

K P58 K& production data

B B A AR, PCB SEREMLAN, Wit —uh RS ARES.

R IEBYLERSTF 2%, R B AR ER TERR
B, BETHT EmEA+ R ER HEF R RIERE NS EK
LNt

f—HAHT IC [Kl Pad/Bump AZ & . Pin Count, Pitch, Bt ELFAGETE R A

[A], 1 FEE E R e HLERE S ERY Probe Card; /& fhiE N & & %, KE BEREERAS 2
EELEIEEN N, & Fe@ing . HHF, R E B R

FELTETR ., MEEBLEHATEOR, Kt Probe Card 3675 HAT BIEAN) UL

HIEEEA IO R AJLL, ¥} advanced MEMS / leading-edge global
installed base, FormFactor / Technoprobe 1/} & B %

KT FIRSHR ORI AR, TERBMBURIESAR R, AR Denchmark (AR A€M (.

K B —PRER, TR AER = e wafer-level test ecosystem,

2025 FNFIABIEEHE R, Probe Card #9525 ML 72.2%, s {9k FASiE . RRULEESI | + Ml / e

26.1%, HAhHK) 1.7%, 183 B A5 LL Probe Card & & E AR Ly,

REHE:MPI ES 32




FER : Test Interface Integration f£5HTE ; Advanced Probe IP &R 2Bk

R Ry B

TEAL: 1IC BIRNE

* RITE%AIZ : Probe Card; # E%;8I5% : Load Board / Burn-in Board

o HtTARFE : SI/PI Simulation. Thermal Simulation. Production
Process

7

* /5 pin-count / high-current / high-speed Probe Card ; B /7 # /R EEFUfG 2 5

& RBRE

¥R FEE  FormFactor 2026 partnership

2026: FormFactor x KSMT

BT EAERORIE A 1F 5 & FormFactor
probe-card technology leadership £l KSMT
manufacturing / assembly / test capabilities, 3%
AI/HPC %SG EM,

B RTRE ST

SI/PI/ PCB / Test Interface integration, 7
engineering, qualification, % 7 5 JH &,

REERRIRY

H A EE BERE A 3= Probe IP EL42fi &1 FormFactor /
Technoprobe ; 75 27 leading-edge &7 | pitch/current/SI, &7
adoption,

33




BRI + AHTARES : MEATFIHZE CP, HERERZEFR—ERIE

o 3 BIEAR 7828 | Probe Card Manufacturing

o Bl MJC RIEA1E, & ni#Z Cantilever / Vertical / MEMS o HENES, B HEEFL. AOI sorting, Probe Card H ER(E
LML 5 B ERFEE RS Probe Card, Pogo Pin fiE /i,

o FEBUA AL M - (EH service, & E integration, « JfLSH : Pin count 1 + Pitch | — AT assembly /~FE ; H
MJC relationship. H A o FLE B throughput / precision / repeatability,

o AR JoHERREH R 1P/ global installed base, FormFactor . -

/ Technoprobe / MJC ASB {7 ik, « Technoprobe K& — relationship moat ; H. (&l

1M Al HEAK H Probe Card Kk in-house automation,

i%iAl: € Test Solution / Service AUHTART:  Automation Equipment / Line

REFRREAEH. R0 7828, MIFRBES




Fetk T —ABIFARDER

f 738 AR EIBIR) Bottleneck RFBHELLERT /4B

Test Data /&/E ATE Pattern Memory / Data Architecture
Fine Pitch / Pin Count Probe / ST / Probe Head
Current / Power 1 DPS / PDN / Low CRES
Power Density 1 Thermal Control / Prober
Parallelism 1 ATE resources + Probe force + Prober

Advantest / Teradyne

FormFactor / Technoprobe / MPI %%

ATE + Probe Card vendors

TEL / specialized thermal

#{H Test Cell

FLIE Pricing Power = BN < GRFEHERE < WIHARA x Fff M S HI R A / Content Growth,



Non-Memory CP —H Cheat Sheet

ATE: | Continuity Pattern / Vector Scan Chain
Probe Card: % Leakage VIH/VIL ATPG
Prober: &) / i {22 IDD / IDDQ Timing / Strobe Fault Coverage

At-Speed Multi-site Power / CRES Qiiﬁlg:;tcilgn
Speed Bin UPH / OEE PDN / Thermal Switchine Cost / Busi
Shmoo / PVT Yield / Wafer Map KGD wite mgM(‘:;el UsIness

2| - Test Fail # Silicon Fail ; Production Test 7K1z fe/E [ B TJ ELl Measurement System | 2 [F1£% AT 15 U2 5,



ATE #5185

ATE 2| i & BB [ F5HE %

FRiR

DPS

Digital Channel

PMU

&4

Device Power
Supply

Pin Electronic

Parametric
Measurement
Unit

ARG, BRI 2

RIMET

¥ DUT EEH#HE

BEILATE BE
#a DUT ®4 digital
pattern(0101), 3£
E| DUT & digital
pin

Lt

%8 KWICHT
BASEAE

HEFIRICH
Digital Pinj&1&

A ERETEEF

—BEE/ER A%

% EFDUTHE
S

Digital Analog

Pin Electronics PMU

Pattern Generator |

v

DUT Interface
v

Probe Card



Digital Pin

Digital Pin (Wefir 2 IR/ iz 5 | 1) S2 kot e, ERA B b, PRSI BB #AE ( Digital Signal) #94:
B (Pin) , 12— 1A AR IEFASEACRE 0/1 IR RERD 1C BRI,

BN AR LA R M 80— HIGH (& EAN7/BR/1) B LOW (KN /EE/0) .
OFRIAVE bR TBIRE, R T 0 8 5 e [ A k. 01,
S5 —HEVDD=1.8VIIIC, FI HEHLE :

e 0V~ 0.4V — ¥ %4 Digital 0

o 1.2V~ 1.8V — H#%Digital 1
o  HH[E I /Z undefined/transition region, 245 F AR B 5% ICHY & M B KK



Digital Channel

Digital Channel it /& ATEH i 8 FH & & 24l

HY Digital PinfJ7HIFR08 18 , & R 2R U F =

Drive((Ef1/8E, {15 ) ->Receive (DUT[EI1EE, A BERFERE ) -> Compare(GE2|H R TR R — 00 )->

PASS/FAIL

Drive

ATE

l Drive 1

DUT

ATE

|

DUT

ATE

Drive

DUT

Receive



FAND Gateze—R52EHIFA#E#HE (Stimulus — Response — Compare)
AND Gate (X i85 H.[#) J& Bzl B  rh ) BA o, U & B s A RIS 2 rm BEAL (1 B 20 Iy, i Hi o

FaREmEin (1),
(X DUT N B 2 — {8 55 i B HY) AND gate:

ATE#5Stimulus:A=1, B=1
TEERFER Y=1
BB Y=1

APER =ERER — PASS

0 0 0

1 0 0 ICIEE A5 R (REXAND gatelZis Yk iREgH 0):

ATE#4:A=1, B=1
FEHASER Y=1
BERRER|.Y=0
1#0 — FAIL



Pattern
{

Driver
{

Voltage ——————— Input

I
| Logic
i
Output
|
Voltage e————————1
{
Receiver / Comparator
{
0/ 1
i
Compare with Expected
{
PASS / FAIL
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Derrick
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| sohmpemst poest SoC & A iEvE(L B B R A

o GCIEREAEATREL SoC ifiE i i RBOEE, A TRIEA A A BRI (ATE) [,
o FEHRNEAIERR B DheE, AL, JNFE., /O By FERE, (EL T | R0 T ey BAAE B R AAS | R —FK,

LR RE R AR SR

& M) FE1&8% : DRAM, NAND, NOR, HBM FEFCHEEE: SoC, CPU/GPU, MCU, PMIC, RF, ¥k
TR E 5 RBUFEE M) memory cell array, &35 7R B = #1/0 e B SR A B R | JE L RF. SR, RIS B AP
e G Read/write pattern, cell fault, retention, refresh, /%, ZIFE, %@iﬁ?ﬁﬁlscan/ ATPG, 5Py, FHELRSFE (RF PR, BIFBCR, ThE
ECC,repair, endurance B LN HE
SR ZE R e, E AL A AR B, FRAS (LR EKESE Edh /B EAZERK
ATE ;BRES B AT EE (multi-site) , BEEREBEREFFE, 4 bit JIREA SHEBEL . W, FIREEE, IBAFRRF/ BIIEES
BB AR A BEE) 558 ASP MHEHE, MARERRR FIAZER A R SoC FYEEEE test time AT HIBRE A 1R
Probe,/ SRS | E ol dics FEHE VO, T pin count; HEM RARRER 3D | gnngs 5 pin count, RF, /AR, JEEER chiplet S50
Binning ZREHIFR | A&, HE grade, DikE, BRREUEE % /T A& PERE, ThAE, SR, 0B Yinefuse, B %4k
SRR B DRAM, NAND bit demand, ASP, capex cycle & 85 B, BT, T4 HPC, 1M B 75 i & 5 o0k

Source: BT 76



| smimstn e — RS, B WASEELERARL

e FMERESL{: (DRAM. NAND,/NOR Flash,
SRAM) 72 = BE BRI B0 — e fE 77 F 81, Holg
e A AR B SR i AR K R AN ], Re B RS R

s ERAR A1 FE  stuck-at  fault (SAF) .
.. . sCTERE R ElRR AR IR SoC A&
transition fault (TF) . couphng fault (CF) E@ _ M Soc 12

FRIRHERIEA vs. $8E 7 SoC JUFARIFIAR Ll

address decoder fault (AF), [RtFEE —F£7 B EHE (CP) BEHE (CP)
S A AT BB AN IR, S I March RSER S M (Scan Chain) BABE
PRI S ./ Waf S G MEREE RN
LD Bitmap ~Wafer Ma ATPG [H
o FH¥HN, ¥EEESoC EEANHAINFLE E{ﬁ&ﬂﬁgﬁi&:E%&f&@ﬁ"%ﬁ (858 stuck-at/transition,” path-delay

By a) e, JHIEASR IS Ce LA i B (scan
chain) ¥ 1E X #5 BR ECRBAL B (72w, F5AL
ATPG (B BhfEm & 2E) A m B E R
HIE A &, AP at-speed JHIFAMEE 75 #k

## (Packaging) #}4¢ (Packaging)

(binning) ,

© REMUREEEERN N, BIERA % (Burn-in) +MAME (FT) RS (FT) +IAEREt
ﬁjz:t-F’ m%ﬁj(i cell %@ﬂ'&ﬁfﬁa ERENEHERHARRY » W March at-speed scan S8 m TIESAR
B AEERNRIE S RERE MR
EER EEENETFRERSHEESH HE (F HBM : KGSD &) EEF4R (Speed Binning) HE
¥

Source: B 1T



| March 58 25 SRR B R AORE L R

*  March HEEE —HE March elements], ¥R cell EALHHIER (E4T1,/ F1T])) $ATE AN FEBUTH, 275 FHEY
March C- 2 10n BHEE (FELIHEAT 10 RERVE), RIJEZE SAF. TF. CF. AF VUXA&fE, TE LU (L) 4x4 LIRS RE
March C- FIAZHEFRHGNE

BRI EENEFEEME  cell BA 01 WHHEREE, HECROPHERRELL, $HEBFAEGRIE

T 1 {IHBRETA 0 T2 0 W1 (A1) IV PW31, ®0o GER)
0 0 0 0 rO/wl | rO/wl | rO/wl | rO/wl rl/w0 | ri/w0  rl/w0 | r1/w0
0 0 0 0 rO/wl | rO/wl | rO/wl | rO/wl rl/fw0 | ri/w0  r1/w0 | rl/w0
0 0 0 0 rO/wl | rO/wl | rO/wl | rO/wl | rl/w0 | ri/w0  rl/w0 | rl/w0
0 0 0 0 rO/wl | rO/wl | rO/wl | rO/wl rl/w0 | ri/w0  rl/w0 | rl/w0
AD—ALS ¥ write(0) A0—A1S5 #F¥F read(0), write(1) A15—A0 ¥ read(1), write(0)

March C- 2 10 {l march element (10n $##34E) > RJEAZE SAF/TF/CF/AF DQ3R&FHREY

EPEPRL EREETR — CHZNE Bitmap — 855 BIRA/BISR FUAR{EHEAHE

Source: BT 78




I B—REEe . s ERLHIB Wafer Sort,/ CP

*  FRIEREE A UIEIRE, prober #4&hEIENL, probe card FEET TE B SIHIAT, FIRRERREERSR ( Die)
Pefik s — T die pad 3¢ bump, ATE 4T memory algorithm,

JEE A= wafer map BLAEH die FOTHIRURE R, Wire bond Flip chip
« B DRAM fii 5, CP MIREH A4 Fiiphe |
1)  Cell array HJEEHIF: FH checkerboard, walking pattern, N N\ \ \ \Probe '
March test ZEAE K H stuck-at, transition, coupling %0 /E Padum mm wu == == m m
A IR o —
2)  Retention test: fE78 cell 1E—EREM NG REMERFE RS,
3)  Refresh test: 38 DRAM refresh 1T 2 & @575 5 Bk,
4) B, . 1/O L FE IR, Test Head
5) Redundancy,repair: %1 spare row, column ZETUERE IR ¥ g
A8 Jrd i ber, 75 BRI eRR. a; ‘3 =
6) Bk wafer map &7, e VO (10 =N
Ma(inframe u— Probe Card
o 3B PEEHY B BRI UM pass/fail ; BRI E ML die 7 H) S e : e
I N BY, DU PR EOBIN R, TR EE S Th RS, controller) T
—fi% IC HF wafer sort, {HECIEREIE cell-array 78 2%, [HA T,Y;/f,?f;r
2, IR ISR BB A L S ELR BRI il |
P . Left Right
Probe

Source: HITEH, MS 79




| s pemy . emhr b MR SAT TR

o LB AR RIS HERESE AL bitmap, F ICHIETERIE ARG 2 BEBLERE | BT BATRAL, 1B AR R AR RIS (cluster
defect) , 573 Hit B A {E R E 75 ATHESAH, e fn Bl HRURE B SR [ gE Y B 2R3,

o EREE 1C JUFKHIRE R IE 2 R b A S ] 2o BT, T KRR i PR R 25 22 (fault coverage) TEA%,

o FLIEREAL A ERGHRFE VRS, AT, & bitmap S HTEH EBEATHES, % BIRA (Built-In Redundancy Analysis, &L
#2/747) BL BISR (Built-In Self-Repair, N H FIEME) ks cell bR, 17, FEHienl B =R, & /& 1C W HR1E
TER) B3R F B,

Bitmap,/ Wafer Map 5347 TLE2 &% ( Redundancy Repair)

Yvs. X ) Mg .li'

pX  |Wrap Overlay P iil -
& o F %) N !
: o>
Z _IDL g
:; nterval Ig[g
“ :
jj oA a €
2 » i I
i
i sys_ready —>
Hi

boot_cfg_done
_
2
—RCK ) BISR \ Redundancy
RRST
.

ME LR R £ i L U F T Rl :E.| I-Il ki i BIST: EUi_It'In Self Test i Soft-Repair
A | e | Iyt BISR: Built-In Self Repair m Register

Source: BfTEH ., JMP. JCIIE, tHBH



| —peBy . 2143 Final Test, Burn-in/ Pl EFHE

o EF4EF%, handler &Y package 251 socket,” contactor, £ ATE LA B FE B BRI EETT fc ik BIER S,

* DRAM f{E wafer-level test 1%, & {EE L TEALE FREEAT — IR BEL B FRER/EH R final test, DARERR & RLER I EL K& 88 FH KA ;
B rllERe | 2RI, B m R TR | ) LR AR,

*  Burmn-in E7EER, SER, REFFEET, RO R R BN R, TR L iREE 2 S gl LU R 55 2
AT, 1. server, BLH | & T 58 FE B E RLABIRG A A RO EE B HR

* {£ HBM HJ DRAM die e, ERAITE wafer FEE: 1T burn-in, CASERTHERR AR P 5E die, [KI 2 1% ifdE A Ml 1% ) 3 JBg 1k,

AREAE TR,
. . . NN =2
Final testing (tester + handler) Burn-in YA g BB RS
Handler fWEN i BE 1 & 3% i EEBEY
| |
| |
| 1
| |
ES | |
% | I
Tester ~ } BYE® |
Mainframe = i !
(power ! .
supply and : :
controller) — Socket [ !
B
AEIHARFERAEIRETR - oS —EBAMU T =8N ESNERR# :
g g g g > SE—EHRRMERSREERRMAKYME  BRBHAKY -
a_ 8_ a_ a > EEHHNBREEIKME - BRBERKR -
> B-HMNABIBERBRIMNSGE - MIFEMIESARUE - BRBIEHERRL -
Cable

Source: HITEH, MS. B8R



| sl st & s o AT B RS, o A R

o HRAR AR, EHE AR HIFBE ARSI AR G b, REIRBRTEAREE SR TR BT ARBEALERA |, SoC i I AR A
BRI A pin DyREEE . mFEEE L,
o H SoC WHRRLIERZHE (b A EAE  70-80%, ?ﬁ?ﬂﬂf&%ﬁ%ﬁxﬁﬁﬁiﬁb@ﬂ fRIESEAE g SR A ZCRL IR RS 55 BB Y

MBIST (Memory Built-In Self-Test) {2l %5, FHib 7 A EBHEHIEAT March 15 L, RNFEIMMBATE & A B AR AT 58 Akl
15 A LR R [ N2 B SoC IR HRAR B9 SR Z= 451,

FRIEBERIBAMSER SoC /SRR JIBAME LB

T 4] FLIRER BB SoC /5 IR
AT g;;{'ﬁ”z%ﬁgiiﬂﬁ%mﬁl |(A1 Advantest T5835 5f8¢ | I ST L site
£% pin A K, 1BSRKREATLARR cost-of-test &, £ pin DRSS
BHBER K AL RV B ARG, pin DhREAH %R T R B R R G EARER SR . RE AL pin
MR 2 A DN i R YR e 2 2B & 2 2E March [ Clin AL iERe 677 ATPG [ &
RFEHE Advantest T5800 251 (T5835) | Teradyne Magnum 7H Advantest V93000 EXA Scale, Teradyne UltraFLEX(plus)

Source: HfTHEHE, Advantest 82




Advantest Hil Teradyne & #101dH
AT 80 %riifdi=E, Advantest

EEWAL: 4 T5800 EVIE
DDR/LPDDR DRAM  Hi&i#

NAND ; Teradyne Magnum 7H 2%
HBM BIEEREE, Xi&
HBM2E/3/3E/4/4E,

T2 2R K OSAT, 9 70%
Bk HiLEM, TERFEL
(HBM %) | #54% (NAND) . SKif#
Fit, G AL HEEE
(FOPLP/PiFO),

PR EN A e R B A B S 1C
BHAIML, 2Q26  RLIEREE Sh 5
51% (DRAM 21%. £ 70%;Flash
30%) ; DDR4 =N SR )
70-80%, A& DRAM [EIIRE#E
ZHE,

#E T [A) 24 R ZE AU SO R B A g, 2
P ELARL, FEAR T RNV LE,

Source: B fTHEH

| i = men

ks : sRfEEM

ATE A58

+ Advantest (EEH)

+ Teradyne (FEHfii%)

+ Cohu~ Chroma (¥7%)

###tF Probe Card

+ FormFactor * Technoprobe ~ MJC
- BER ~ A (B)

Handler.”Socket/Load Board
+ Cohu ~ 8#) (handler)

- FARY ~ W (socket)

- iISTE% (load board)

SEERKMNE rEENE

+ =& (Samsung) — I-Cube/SAINT

« SKi8ht —HBMIftEE

+ %K (Micron) — B AATT BEES

v

RBERMAG TRV

- TdEE ~ FHE (FEE DRAMNOR)
- B¥% (NORFlash » X% BH)

Tiff - HRARTI 0SAT

ERlEESEE )

« 11pE (Powertech)
« @ (ChipMOS)
+ R (Walton)

&8 OSAT
+ BA¥ (ASE)
- B91& (Sigurd)

WARKT
+ BTEF (KYEC)

$RUEMEAE © Al [FBRE3HBM » BEIFD « Fi - BH5H

83
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| HBM BIREEE SR B SRS 28R

e HBM LL TSV HATHE 8/12/16 J& DRAM T EH HEEAE base die 2 b, SSRGS (79 25-55um) | 1/O & EEE T, EFTEREH7
ITEELALE A ARG VEGR I, (545 HBM IR 2L —E BL{EHE DRAM #A A [R] A 22 [ B i B iR

o HBM MGl 2 B EE, B2 R AR, Advantest F5H, HBM <88 BRI AR EE AL 4% DRAM & 5-10 %, EREF
=% | die stacking 1% 8718 PO BRER £ K B8 R 0 B R, HEER 12 ATRERE B =B R UL b B [RIRLE Fn R B R IR,

o HEEAYZUEGE HBM stack 5 —J& DRAM wafer #\Z—7K wafer sort test, {ax A /\JERLEMUI/\IK, W H HBM 18 #4580
AVHPC #ib i, 25 % R SRBISRR 5, HEAE % B Yk G (BRI GR B 2 — i il (B HTERAY 5-6 5,

HBM #BHIRFGERTRE ( KGD — KGSD — Final Test)

PEEG— : KGD st PEEG— : M4+ KGSD Al PEER= : Final Test

(Known-Good-Die » &) (Known-Good-Stacked-Die) (& Burn-in ;8 H)
DRAM Die
i ' &

FTRIRINAE SAN
5058 > MBREIHE

—

FHEERREER = »
R R die » BIGHE A T3
TSV (W27) FEMM®8/12/16 /8
MOERENRERERERES

Source: BfTHH, Advantest, MS



| HBM BIREEE SR B SRS 28R

|:| HBM testing process(illustrative)

Before Stacking: DRAM Die Wafer Test

/" DRAM ™ wafer / wafer
% =< [\_wafer ¢ é = sort ! {  sort
P test® / test 2
- 2
175
[oH)
pS
.g Before Stacking: Logic Die Wafer Test
om logic _ wafer
wafert . sort  °*
test )
L4
| After Stacking: HBM stacked wafer test
S
7p] = stack
S test @
& A
< —

-

Stacking

process

Source: HfTHH, Advantest, MS

R
)

™\

L HEHBEAKM: DRAM wafer
— K wafer sort testD@®)
(=JEHFLE)

HR AR B : Logic wafer — [
wafer sort testD (— & HIFRLL,
WAL it I U S L)

5 WA M5 B A A 14 BB IE N A5 32 1Y
Stacking process (M flfz) |
HEBME: DRAM #nBl Logic
(base die) 7E3E fll5ekk TSV HEH
BEG, HEER R HBM N7 7 854S,

ﬁ)\@ﬁ@.%@ stack  wafer
testO@Q—— %t B K8 HE B 52 ik

.S %%n&t%ﬁft@ EHIE, wERE
Y 1% 10 M B B 2R G 3L 2 Al
ﬁ?ﬁeﬁ%%iu ) KGSD  JIEk
, Known-Good-Stacked-Die) .

86




il

=
o
=
S
&

HERZREER L mESe =R

[ Wafer Test | . 1 i Logic rE +

8 ;i DRAM ¢nlE,

f— A2 45 H

H— YK Wafer Test,
* B 9 AdaEESE

Z 1%, BAFHIRRE AR

Wafer Test |

AM | v

f

| Wafer Test |
£ < : THHEERS]  base
Grinding, Molding o e
| Wafer Test | die, 1 %1 ':P 0—5 ] HE
{} H & Wafer Test KEEA. TSV EjE
| Wafer Test | \\, J/ 5-6 times normal %{ ﬁﬂ EI:E E A= %ﬁ E/J @E
b - NS i,

' 3 : o BEEAGBATEE, B
. | 1B, B — i ot A
[ WaferTest | : BB, 1 78 S A 4

. BIFHBM  FHEA S
S—— B 2 B 25—

N raLEE 5-6
| Wafer Test | TS o

{} Dicing . o
' o IR FUHEALIE,

TITTYT

Source: HfTHH, Advantest, MS 87




I HBM HRAFBEREIFEHR probe card B handler

HBM ¥ probe card B)EEBhRE
HBM die BYENH /O, B 24280 8L B ik sk e M7 ok, #ETmd ik, =i, mfRE EEROERE R RE K,

*  HBM BYZhfeE, HE, Dhie Bl n] 5 i Buat o 4240  HBM4 At HBM3, "HBM3E, i35 A4 i) 5 i R o i B =

o el KGD FrdedE:, A Bk & TSV, /el 4856 7 38 B, BREFF IR e —MREA 32 pl RS- T B,

o MHEREHEPHE —~ HBM FEUH, Samsung ) HBM3E, HBM4 & Ei[EIF. Micron 72, I E Al ASIC & F i KER A, %
PREF-F L EEEA A,

o GREEEHRETESIEARE M A B ETHR, SOV E R AR R /R (pad layouts) | 7B R K BLARERALAK

o THGIE P ) e A s EE SRS (vertical /" MEMS probe card), H B #4714 electrical performance, S GEJ#E P 5
1) pitch,

HBM ¥} handler B X EB)E

o EHE. mEEIEHAENRESE Eiﬁ%é“@t IJH:M\//TT [ MG T HERFIR B RS ERO G ER 5 Eo

*  HBM HEARFH R, EAEES, LB EEm AT E B W g =, DOk fleiak 2 = el s

o RIEREELR &RACK LA tester, handler, 1nterface\ load board E probe card %A 3ARERTF, M+ \%ﬁ fF HAHE,

*  Advantest ) M5241 7] 15 2% B e 28 EaAaR s EAL 7T AI %&ﬁﬁ%a {E#8, Z{Z DRAM., NAND, HBM & 7R, 58501
T redBIR e KIS B 2o, &2 mlif 512-site EATHIGR, & 46,000 UPH, dF #4#d Ho 53 DRAM tester,

e HAal HBM3E {3 & Lt i Bl R i% 0, {H HBM4 Fﬁﬁé‘%)\i@ Tione,/ B €Y, HBM4 HOREEE, SR, HEE: Bl S it
FESETT, ¥f probe card HUFZZEEE T 50 S AR RIS TR . Ml vl 58 B BLJIEAIRE[H ; ¥ handler RIISCBRAEIR RS, A THIE, 5%
i B =R Bl test-cell % (:I\Hbj]

Source: HfTHE, Trendforce, CMoney 88
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FERERE

« Advantest ( HZ - 6857 ) : ;01552 ATE EASEEZE » =M= DRAM -~ NAND - HBM &2 —
£, GDDR / LPDDR / DDR - T5801 1% GDDR7 - LPDDR6 - DDR6 %253 DRAM ; T5503HS2
\IJIH DDR / LPDDR / HBM @m;ﬂjgg ° marklapedus.substack

« Teradyne ( =Bl - TER) : Magnum %53I/75/5 NOR - NAND - SRAM - DRAM £2 HBM ; E¥3E
E4555 tester instrument 2| DUT A95EEE » DINESFRCEIRA0NREDRIZABE ©  © advantest
Cohu ( 28l - COHU) : Y handler - testinterface - inspection / metrology £238Iz5 B &L 5
* - HEESESHA TEATEEFBEERS . —In » F55I2 package handling ~ E5ELRE -

Efi sciERE RIS 1ERA

7A% (PTI SCEE2E o) OSAT » 124t E=77517~ DRAM - NOR Flash - NAND Flash - MCP &2
6239 ) probe - 3£ - final test - Logic # final test » A EEREREEEHZITN -
burn-in 2 © teradyne

Fa7% (ChipMOS »  ZCfE#E - mixed-signal - LCD A SlfAfEEHR# 2 ELERNEEAERE - WHRE
8150 ) driver {9558 / BIEUARHS HIEAES] - cohu

=nET (KYEC , ZFEUHERYED  EREH 124t wafer probing - final test £ burn-in SEBRRE ; =0
2449 ) ACIERESEEE SoC ERAHRESEEY—  EREENERZSTEEEN

Eit o cohu

Source: BT 90



Bt

SXRFtFHIEREH LR (2024)

1t
FormFactor
STAR
TSE
Kl
«--'lllllllizlll Nidec

MaxOne

JEM

lechnoprobe

MJC

Source: HITEH, MS

HGBEE (%)

3]

=XKa8 MEEE) hHLERREY (Morgan Stanley (&%)

—@= BIHER Hon Precision (2% Handler i 4)

e BERY MPI (R8T &) 40%
- HiE WinWay (RS E)
35%
30% 30%
30 1 ®
20%
20 A
10 - 8.6% g
—
8%
0 T T T T T
2024 2025 2026e 2027e 2028e



| misk

REEM = ATHISRIER R (Morgan Stanley (£5)

10 4 $9.8B

L ke
. i ()

*x7T)

s
=

hinRIR (41

Handler it IS
RIS Probe Card Socket
(2023-22027e) (2024->2030e) (2024-+2030¢)

Source: HITEH, MS 92




| misk

P& ABE(l Morgan Stanley Zi iR 24

RERE Al/HPC 5 &8l Al/HPC 95 (538 70% » ¥2B8 handler 1 5 TBfEE 2024-25 E/) 30% B#AE

Hon & Handler B 2027 519 40% - ZEH R AR RRE SR » TE;HPUEF] (ATC) HEiliHs

Precision g8 @ ASP L35 ; F81& 2025-28 41U CAGR & 61% e

BERY RE-EHETE %8 MEMS E2E % E VPC R EARBHE » T &HT8(4E 2024 & 8% 1#FH = 2028

MPI HE F 20% ; FIRFR{L CPO (HEFHENE) RERIHRE @ IRERIARAE -

Corporation Fafdh 2025-28 FE K CAGR & 66% ©

AR pil TE A SR FHERST  BRHEELAGEMERMA > FEREE#BIEE (coaxial

WinWay (Socket) 48 socket) £ Hypersocket ¥R PEEMEBEFIEF o BISET SHTELE 2024 F
HE 11% FHZE 2028 £ 22% o Fa{h 2025-28 F UL CAGR iZ 71% » 2028 FEFFH

ZFEE61%-

Source: HITHHEL, MS 93
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CPO Al




|

CPO HIFAILL NB| HEEAR £ B BHERREB

« @] Insertion (% CPO JHIFRHETELAIRAE, dfE vl LIRS R SR7ERLE TERE 1 4 T IR0 —JFE s e M
X EHFE ARG, [F]—1& Insertion N FAIRETL & AR, M1 LREUARS ¥ CPO a2 MIMEER, Kt
Insertion FJ LAfR 2 —FESREAYEREL, 1 IEE AV RI—IR,

o HERIRITRE A VEAL T RR, (A RE BRI LAS3 % Insertion 1~5, 45 H ¥HEARIER DUT ARREELEZ.C:H 1Y, 4n
W B RIS Insertion AR EF, A% DUT (Device Under Test) AR HUARBELL L8 T~ 5 & B3, L)
TEIHE CPO f—EHIE R,

CPO HIRATRE

Insertion 3/3.5

1 | FAU?
|
i Module L | Test
Wafer Ijevel Test Wafe_r Level Test D|e/Pack?ge level Test odule Level les Syt o T
Ba: i HE&BM B EEEICHPICH# B =% OF B#:CPO {24 FT

KGD BEAXAERHEIAE
BRRIE: Nomura, Morgan Stanley 95
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Insertion 1




Insertion 1 & EIC/PIC B9 51 54 B HIER

« Insertion 1 27E EIC i PIC [WAEIE, MR BARSES 2 /I, 20T wafer BT wafer-level test, &7
EIC wafer map Bl PIC wafer map, fiiideH} r] LI A HFE S H) Known Good Die,

o SEHEER) EIC HIEREL—f B r &L L A2 ATE—Test Head—Probe Card—Probe Needles—EIC Pads, 3%
% fii el fh ATE. Prober, Probe card, test program, wafer-map system, 537 PIC HIELHIFEEE ATE, M58
PR JEEEEE ARG, TRITON s&—7FEf54& T Advantest ATE + TEL prober + FormFactor Jt:7& probing
PIC wafer testing solution,

What is EIC & PIC?

TRITON for SiPh Testing

— .

24 BFERER (EFAMMENX) FFIERER CEFARERK)
Ih8E EEREREENNSEN BEREEEENNSRR
e Driver. DSP. TIA. SerDes. 2 Laser, Modulator, K&, {84525,
%8 T Photodetector
sle 3= =] £ #e%
ARMES  WERR. BER.AH. MR o R AR, S {R'ctiok’iph e

-

B3R : FormFactor



EIC Wafer BRREVWE T IC CP, BWEIHIRIEFA S 1R test

« CPO FIt5E OE 1Y EIC K615 LA FHe: : Modulator Driver, TIA . CDR. SerDes, DSP or Control logic,
DAC/ADC, heater controller, photodiode bias, B & Fl it 7,

o HRHIERNEFRF 2 : 1. Structural / contact test, 2. Power test, 3. DC parametric test, 4. Digital Structural test, 5.
Limited functional test,

« Insertion 1 & ~Hesc 28] BAFH) EIC BhRe 44K 409 line rate, [K 4 HLRF EIC R PIC (W R8ES,
TR TBER R B E N EE, (NILFEEE Insertion 2 $H¥H88 5 1% 10 & [BIEES THIE,

EIC REE EIC (351 ) HOE Ve EIC (B0 ) HOE /R
EIC TX Driver
e Switch ASIC L, SerDes/DSP L, DAC/Driver Ph ':IS d TIA | ADC
: x Ea E REESRAR s LB RE R sy ERHERER FIHA
AJIL
Modulator CDR
PIC Modulator . Deserializer N
P Driver ey [ FCAIREIRE
*Eé**%mj‘ﬂ *E{;i\glﬂﬁ_ﬂﬁﬁgjj 'V')_(fg:F'fTﬁ*-l' HJK

BRRIR : 98



https://www.imec-int.com/en/imec-magazine/imec-magazine-april-2018/developing-silicon-photonics-technologies-with-a-wafer-level-test-station?utm_source=chatgpt.com

1. Structural/Contact Test (FMBEE B EEAEEHIE)

Insertion 1 FJ Wafer level test {iiF2 il [ERUss Hopisl PR [ 2h=R B RERY], d@iE E R, ani—
{# EIC ELEMEEE T, AMRE DI pin fofthfd T HE&EEst, IREES,

o B EEERIRYE NS B AHEAS IR, B2 Insertion 1 BYEE —{EHIEGE, FEBLE EIC fickiAR
¥ 4% pin A2 H B FHAH) open. short, leakage, B 5% EIC 5 _E Tester, fE7% pad contact, LALRFE%ZTE
AR BRI FEGREH A AT TS 2L, $53% ATE @ IRER I 2 s, B8R 25 ﬁéf”f't&ﬂk(ﬂ
Fim A FGHIBHPUGRREEA R O N, HIFR R A B, F4CH] pin open, & i v #2 IEE 2 . B
%518 ATE #a/NE el dh ke

o

Insertion 1 BIFRFE

Functional Method VDD Diode
KR +REHEER RS |
Functional Test
Limits
BRI ATREE P FAILOPEN
A= = N\ O
BEEM MRS TS A5V
Pin PASS

A~ Open short Test ZEiR 2 . b R B BA 45 B%

an U ;| ALSHORIED
= D1 R+ R +FERF
TVSs=I Dy FiFRoe



https://www.cnblogs.com/shangdawei/p/3205325.html
https://www.imec-int.com/en/imec-magazine/imec-magazine-april-2018/developing-silicon-photonics-technologies-with-a-wafer-level-test-station?utm_source=chatgpt.com

2. Power Test IEZ_EEH EIC EIEEH RN T EERHIT

i

B/ T/O rail — Analog rail — Core rail =78, B42 BEhEFE S G HBLE KER, BB EOIEESE,
A H L % ATE f2 EIC [EZ\BHIE, B BEEA R A M-, B0 EAR E TIEE1%Z, FE
TR/, K PTREF AR, /N FTRESEHE{E block {3 BUEN, B2EH0 EIC Rk, HIFRET &%
Ty, HHIR R RAAF/ENE, g R —F rail BIPAEMAY, BED rail 2/ EA R EiE,
w % — YR 7% A = A silE threshold,

PSS BB — AR EER S B, cERRM, (5 B, S0 H B2 D ME R, AR A R
AT LGRS AR 52 A A, HRmRs REEESN M +HDMI #R2%5E: (PIC) RIS ERFE,
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3. DC Parametric test HlFAEEEILE /0 FRB{ERSSE

55 M Input B Output FIHIEK, ATE gfzi@dm A ERE, HlEr EIC &7 6 % EfeflEr 0 1R 1, FIRrma
EIC #ait 0 BR 1, EZEERSEENE RS, #35 G Bias current, HifA Driver, TIA, DAC/ADC %
AR B H 5 2 A2 Y bias, ATE &gzt Htl 5 VAR 8 e SRHE 4/ bias S5 &8, P2 Reference
voltage, KEL LR bias current ZH/E— LAY BE, LR bias 9 TYERiEE/E reference voltage, f 148 535
#t¥#} Driver, TIA, DAC/ADC %3 B aa A1,

P A A BRER & 1 ATE 2551, ARG R EIEE] ATE, $H KGD,



https://www.cnblogs.com/shangdawei/p/3205325.html
https://www.imec-int.com/en/imec-magazine/imec-magazine-april-2018/developing-silicon-photonics-technologies-with-a-wafer-level-test-station?utm_source=chatgpt.com

4. Digital Structural Test &k N8R 2 5 M2 ERE

o ZH—{Eff Scan test, ATE % & —1& Scan mode, #1#h #2508 A —H (% chian, 7% ATE EE— 8%
NEERRE S R, LB RL el ab R B A R stuck-at-0/1, 25 B4 Logic BIST, &b fEaX st 4]
# —1{# pattern generator, ATE 1455 i E) generator #4 & B ) & 4= K & random pattern, ATE F5F
i g v B EHELE pattern BYBEPREE )& 1 2EAE, 25 — &% Memory BIST, [FlAxEU#/E(E 23 ¥ H &
SRAM, fiEfrfg:—ENZEABREAFHR 0 B8R 1, 3 H.fg—ENLEABRE OB FHR, 55U ME % Fuse/OTP test, fiEiE
mm B —UIE R, 55 B Register Access, 35 [H5 Bk BMMUE MR —8 register HURAVER B THY—
£, 1% Basic control function, =24 AT A ARSI A M-, BI& e —fai ey

double check,



https://www3.advantest.com/documents/11348/146462/DfX%20Glossary%20of%20Terms.pdf?utm_source=chatgpt.com

5. Limited Functional Test 27 [R5 AL ShEEHIFA

17 17 VU A5 B OHR SR 7E A & &5 open-short, leakage, Z/HE VNG B A FLHEiE G, etk — (@4
BRA PRDIAEHIGR IR TE — R LR —Ik, &7 PLL (4H%%) BAts, #— M Driver,
Receiver, SerDes, Control, {EM# 21 EIC I [RIFHH 2 [ RE A BERIRF A ESERL ATE U RE,
Insertion 1 &%t EIC 19 Wafer test TENEFFmEE L, #HR [FEDBREE 4 T — P BRPERRE ] B9 HI %
BT, FEREEC AR, & —{E EIC il Insertion 1, =/ ZE[ERAME : 1. PREIHEMIERL . 2. No open-short or
leakage. 3. £:{5 power rail B(H), #HHE, TAEEIL O, 4. FULRBIEAEAHEEE N, 5. Scan, Logic
BIST. Memory BIST ZZIBLERIHIE ., 6. fuse, register, control BLEFPELNREIEH, | 7. Fr AT A DRg @, 8.
ARSI 2 IR A7 A,

i Insertion | K& R{AFK EIC MIRBEHREIHEE AR, LLK BIC B PIC Z L&A & A %7 EZUE, A
A LAEREASE L EIC A BEI ARG, RIRFHE 2 EERAYFZ 2 Insertion 2 HYJEAL,



https://www3.advantest.com/documents/11348/146462/DfX%20Glossary%20of%20Terms.pdf?utm_source=chatgpt.com

PIC Bt FiRRER, AFREE, MR EREATR

o RGN EIC ik a4 Bis il fhds 2 I E), I PIC sh @il i RRWEM/ LIRS, OthE
e A E), HAEER E’]m PIC 1526 &, & "FJ modulator, photodetector, heater %% JL{4: 5t /& &5
MEITAR, Rt PIC Wafer test 18 i A2 25 6]

- HREHE CPO OE #J PIC & H A & EFHSEAVHEALE, @ RIEFELNR BIC JE—HK, M AR
&£ BE ) 8 — P ThRE R S IEH 2 A B DAl LIE ARG EEEREEL,

o NERIGEIDER R 1R UE BEflEL L EV AT 2. g Eh Y ESIHIEK, 3. Photodetector I, 4. Modulator
7. 5. Heater B wavelength tuning #I7, 6. Limited funtional test

Modulator

PIC BIEASE

Photodi o/de’ T e Coupler, Photodetector
Cavityring~ _~ P ,;g%ﬁ);#{ﬁ‘ > Waveguide & > H%%Eﬁ.iﬁi
' " WDM responsivity
\\~
T Limited Heater PA{E SR SRS
: < syl = transfer curve Ei
) functional test KifEE ER
Waveguides
Grating coupler\

BEEKIR: Winway, Nomura



1. 21 EIC —i%, PIC Insertion 1 ZCEfRERIRHIE

2 | PIC

w
i

fHE EIC, PIC ALy Rk BA BBy, KIAERT A HIEABIAGZ AT, L ZHRECR PREH B B 2%
M AL PIC 4%, MEPRTLAEITAT failure #S N2 RFEAIRIE, M2 PIC AL HIRTE,

TP EHER RS AT IEREIECE. eletrical pads b, YA E A HERSMEIRRE RS I TENK BOK BRI PIC
waveguide, 7538 LR AT E T — UCEHE, BB EE] coupler FITAMNNALIE, 2 BITE X, Y. Z Hlifff
VTR =3 Ty = i KRR, S e (RN B 7% - BAAATHIEK, 1ALl active alignment,

RN %ﬁﬁﬁiﬁiﬁ%?iﬁ%-ﬁi
ET?

PRl

il

-
5 I T (]
]

BRRIR

. Winway, Nomura,


https://www.imec-int.com/en/articles/silicon-photonics-a-scaling-path-towards-terabit-s-data-center-networks?utm_source=chatgpt.com
https://www.formfactor.com/product/probe-systems/300-mm-systems/triton/?utm_source=chatgpt.com

2. FREDEERBREER & PIC NEBEEIEE T RE B

R Bl S 223K modulator B /& photodetector FBIEAFE, 2k & coupler, waveguide, Splitter, WDM <&
Tt A R,

&1¥} coupler, FAMEAEINE YEREARENEFHE H &b F, &6 AN E S A ZhE,  power meter I
HTh, SRREAGERASH D) =FEHE, MR EFTA  PIC JoffdbF EA, SHEE, e Ll
' propagation loss #& /DA E RS A4, fBEMERIEE lom BOIEER 0.5cm HYHEFERE =
%0, kA LLENE IS BOIROEL R S A, B Splitter, IR R IE R, $1¥ WDM, SME0E M &7
1 c-band F)—BEAHRE, 512 AHHEIEMEIES] 1,310/1,550nm, HIIZER WDM REH#,

|

BRRIR

1R Splitter E&HIEE }

#IE propagation ) / i
loss /_/

I N i { [

WDM BEIEE

. Winway, Nomura,



https://www.imec-int.com/en/articles/silicon-photonics-a-scaling-path-towards-terabit-s-data-center-networks?utm_source=chatgpt.com
https://www.formfactor.com/product/probe-systems/300-mm-systems/triton/?utm_source=chatgpt.com

3. Photodetector H[FA #ZZ PIC YeEBEHIIBER B IER

Photodetector 1 7 /& Ge-on-Si Juff:, B EMECL) =BT DIEE, HEHIAK IR TR 2 2
photocurrent, 3= P& B A9 HIEHE 2B 22 PIC S EEEHARY R DLANAT, 3= BUE 22 AR DS I B ik
Responsivity, Linearity i saturation,

SHERE R4y, JoRAPASNEE ST, MO M REE, 7% photodetector 7E72 A JERIMHE Il AR IE H FE R LR
BN AR, B AR AR E B H LT, SR G A A 01 SR, B
Responsivity, B A ELEEE3% &l photocurrent, 5 H R=A/W, R XZATERFEHAELL E, #%
Linearity, HIZFHE LR EHEIEEM L, 185 & 358, R[E bias EHMHIE,

ATE{LhRA

I:l I:l ? Responsivity Linearity

] (i

LRITAAAT

[{]

BRRIR

. Winway, Nomura,


https://www.imec-int.com/en/articles/silicon-photonics-a-scaling-path-towards-terabit-s-data-center-networks?utm_source=chatgpt.com
https://www.formfactor.com/product/probe-systems/300-mm-systems/triton/?utm_source=chatgpt.com

4. Modulator FJZ, HF PIC EBEERES

«  Modulator 7£ PIC & HRAEHAK A EIC WEMGREEDE B, A L& — e aBHRE R, @] e
Eﬂﬁij(ﬁ*’% 0 iR 1, #¥&4% _EJ& EIC Driver to Modulator to Fiber to Photodetector to TIA,

« % —A 5 open-short+leakage, 5 A5 HIE & h=R EHEDL, ﬁﬁﬂfﬁ% ES)RETT e, #H¥ MZM 5
MRM A ARBTG5 =20 S REh S o 22 LR i, WP B IE(ER]  Insertion loss, 75
ARiERE e fif TIA BER hi5, insertion loss i & HIJ & 8 Ho v {4 My 257 o2,

MZM., MRM. EAM ki

Mach-Zander Modulator Micro-Ring Modulator Electro-Absorption Modulator
S {2 N AT BB BRI R I SR B LR B
LRSS PN R, H 2 B0E pm A% /N, LB pm A% /N, B RN B pm
EEES BIPVBURAR, FRAEFA SR B WDM H &8 B, BRT/ BEARV/N BN IR
EHLE M FE K, Driver THERS HERIEE . PAM4 ¥ R MRS | AR

S5 ) 5 1) Coherent, & IHHfE, PTG CPO., /&% % Optical I/O CPO. 400G/lane



https://www.imec-int.com/en/articles/silicon-photonics-a-scaling-path-towards-terabit-s-data-center-networks?utm_source=chatgpt.com
https://developer.nvidia.com/blog/how-industry-collaboration-fosters-nvidia-co-packaged-optics/?utm_source=chatgpt.com
https://www.formfactor.com/product/probe-systems/300-mm-systems/triton/?utm_source=chatgpt.com
https://www.nature.com/articles/s44172-025-00395-5?utm_source=chatgpt.com

5. Heater BEJ% 5 tuning HIFAFEE&# WDM

JBL R & R B PT B R, {45 ring resonator 8¢ WDM filter B H .03 BARA, [RIE PIC #2350k
heater,

&%t Heater 57, & JCA% heater resistance 2K #{ %% heater /&7 short, FHi tuning efficient 2K 3 £ &5 7]
VI IEREE B0 B tuning, & AL E N EH#, &M Thermal crosstalk, &#¥t£E—f4& channel/lane %
HIFKIE channel 1Y heater & AN & 52252 Hifth, channel,

fH 72 : What is WDM ? WDM (Wavelength Division Multiplexing, #7572 1) Bt & AR [E EE (A, =AU,
HHHERFE R, mit—EAEER—GOL#, T4 CWDM, LWDM, DWDM, SWDM, H fifF:ii L

{RaFE FH DWDM Ze4#
,/ /- ﬂﬂg /// ,,,,, OD%E

/

Figure 23.1.1: The proposed clock-forwarding DWDM links for CPO. One of the nine
wavelengths, each spaced at 200GHz, is allocated to the FWDCLK, while the remaining
eight are designated for data transmission.




6. Limited functional test fEZ& R, FEIF: PIC [HEEHREAE S LY

SERL PIC B — oy BRI, ATE €585 Joh i sk K Baas — K1Y optical path 24 FRIVEL
FEEE AR, 1895 : Laser—Coupler— Waveguide—WDM—Modulator—Output coupler, HIFk channel loss &
5 —2%k, Modulator /&5 REVEH| IEMERY channel, B8 TTHTEFE ES B TG A H IEMERI A,

g% BIC BURSsm— M, 181 Insertion 1 BY PIC die R EEFE /& — (8 & & LM T AR die, AR
e —EE K EIH OE,

BRIRIR : . Winway, Nomura,



https://www.imec-int.com/en/articles/silicon-photonics-a-scaling-path-towards-terabit-s-data-center-networks?utm_source=chatgpt.com
https://www.formfactor.com/product/probe-systems/300-mm-systems/triton/?utm_source=chatgpt.com

EIC E& PIC 4yBRE, @E &8 EIC wafer R die 847 PIC Wafer E

- {EHIEUVEERF i, BIC ®AEAES IR, iR, HUL T AE—H T4 EIC wafer time =
(Die %/ #11%%)* touchdown time + Wafer handling ¢, fERaxf5EH 12 I EL[E], die ) 8mm*8mm, — H 4
#HE 1,020 $H, 4 site probe card £:VUFH die F5FERF 45 P, Wafer handling 5 0, Al EIC wafer time £ 5 KK
12,750 B, KK 3.5 /MK,

«  PIC st A FERs, T ex TEVEHEFEERERF 15 80, Bl 1 £, & K + multi channel 75 FERFS

S EIC FERPA, B HAN 60 %, {H PIC A F K2 B TR E R R, (Ra% die £ 15mm*15mm,
— %1€ 270 FH (EIC:PIC=3.7:1), PIC wafer time J& 20,520 ¥, K#IJ& 5.7 /NEE,

EIC B PIC 85 4-BHJ prober B probe card OE Ry die to wafer bonding

r Insertion 1 —| 1 B EIC wafer ﬁ » rI?ondTgCMP}
. nterface +
EIC wafer test PIC wafer test Dicing & Picking + Cleaning
1 1 I
KGED KG PIC wafer ‘V V
 / |— EIC PIC bonding J 1 57 PIC wafer 1 i PIC wafer || 1 F PIC wafer

B3R : Nomura, FormFactor 111




EIC JIFEERERER AR, PIC AL E EHBR 2%

o FRANATR, EIC 5 probe card R ATE kvl LLAEERHISE T, {E& PIC £ TOLEERSy, —/& tunable laser, —
& Optical power meter, — &g #HETT EENEHERRFRL prober, TUEH A BREI H 2, LA HIEL

FEYER BB FE R B 51, 79—, ATE RS BEAERE—EREGRE T, rTLL 5 A nseiay it 5o,
{HA2 45 prober BLEERESLiE o 2 EIERY I Sk,

ARFRIZEFLE Insertion 1 & PEERIE H

V93000 platform, instrument cards, SmarTest HX#% B test orchestration

Advantest
Teradyne EIC wafer test
FormFactor Prober, electrical probe card. optical probe. alignment, 5 % Bl s A
TEL 300 mm wafer handling Bil &7 prober
Keysight/Viavi Laser, fi# OG22 B HIERR
Chroma &R optical~electrical tester BIBHESZ KA E

112

B3R : Nomura, FormFactor




Insertion 1 A% Hi

DUT : A AENSRE ; BAMELETRE » LIk EIC & PIC EFE—REHE R -

EIC : Ef%IhsE 'DC =& TH
ATE . {#8 « PMU ~ E{LAIR

PIC : J¢i84E TR RF 514

CW_“Tunable laser

BERT VNA : f& RF RITEZEFC RF BJ40 EO Y&k
' |
3 VOA / Optical switch
DIB“Probe-card PCB Polarization controller
HE ~ -ﬂﬁfﬁﬁ‘ﬁfﬁ l
Optical probe &K FAU
ibeopyr: ESR0I
Probe card,/RF probes . - ATE
PIC wafer [
Wafer E!C wafer Thermal Modulator/PD
prober > Driver,/TIA < chuck Waveguide
WX EAL ek lle =8 EE =
Power meter : ThE 185
# PIC B © WUBIE BB RIEEN & ETEEEIED - Wl Wafer prober

HEIE A EH2ERE e B B #E . BER

Thermal chuck
18/ Z sensing

BEAR L OtER 4R4R L B (A€m)
BERIR: Nomura, BT

TRER  BEMCRIE REAR | OERCERTE
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Insertion 2




¥E Insertion 2 Z 8i], Hybrid bonding # EIC &&%| PIC 5k EPIC

« 1 Insertion 1 f& R 2 1%, Ff1F AW Wafer map, Feff1:Zab)E| EIC wafer B9 2% Known-good EIC
die £ die-to-wafer bonding F) 5 ZEA SolC, #HELAEKEH) bonding @1 solder microbump i S5
, hybrid bonding [E4%5% Cu-Cu, SiO: -SiO- &, HE2H bump, B MY E R Z % TR EIC-PIC #Y
coupling loss, W H.[RIRF> % GC & EC 2844,

o BRAERBMAEGHE @ EEBLAE T, TEFE EBIC #A7E PIC Lk, ik —E1E Wafer b (FR.2 %
EPIC Wafer), Insertion 2 Gt &#H 5 AR YIEIR OF A& 1T IR S,

EPIC Wafer ;R H Hybrid Bonding &34 E§85 B

#37 Bounding B BRAIFELR
- a NG E . .
Interface CMP #8281t m;EE
OIRREARAN X - 2 Dielectric | Pick and Place
\ LS " o pre-bond Face to Face alignment

Y

Annealing R Carner\%%?][]l%ng BifR



https://www.appliedmaterials.com/us/en/newsroom/blogs/why-the-world-needs-an-integrated-chiplet-to-wafer-hybrid-bonder.html?utm_source=chatgpt.com
https://www.youtube.com/watch?v=ky0-JlfuuM8
https://zh.wikipedia.org/zh-tw/%E9%80%80%E7%81%AB

Hybrid Bonding

Hybrid Bonding V] CAS(EI 5 & ALEE E

Chiplet )
( { alignment Annealing
\ Ta Surface
e preparation
Microbumps Hybrid Bonds } I

< 1,000 VO/'T‘m2 10,000 to ~1M I/O / mm?
> 0.5 pJ / bit Power: <0.05 pJ / bit

Simplified chiplet-to-wafer hybrid bonding process flow

CMP BB 75 W REFYSBER . Hybrid Bonding BZAEEL A S B B T %

CVD Etch CMP [KI3%, ©fE dielectric (ST EEA#}) Bl metal (4
) LB J B Ve, IR AE, DA A%
> } FEUERY alignment (CEHERE L) |
ey — o SN, BEAHEA IR ETEME AN RERHER &
IRFfH, .JHS Serface Activation to Bonding Y
Simplified copper and dielectric bonding structure process flow queue time @E‘ZE%E’J@*%P%%U@ﬁ&O

BRHRIR : Applied Materials 116




Insertion 2 FEMBRERFRE EX BT HEMES

EADLEL TR + BERE & —EEHE A H’J%/F%H& KM Insertion 2 827 EPIC & THEER

PETERIRE, 2145 Cu pad :#E R, Interface {F/E A EFES . EIC Hi PIC bias ANPCHC 4% [ RE
T ra e %Eﬁiz;éﬂ Insertion 2 X {2145 Double-side prober Eletrical/Optical probe card. ATE\ Tunable

laser., Power meter 2545,
5| S, /E% Foundry fE¥AT Insertion 2 If, FIHEE 5K Advantest B ATE+MPI B EE R Prober +

Viavi 19 tunable laser BLAH g Y 22 Fc A4 A A 5

BUBSE S B S 5

waveguide, coupler, filter, splitter

SEARREHE

Elctrical Probe Card

EPIC Wafer

E-O Modulator. laser driver + modulator

oF Photodetector, ecefver, TIA chain LAY
Optical Probe Card |

E-E Driver., TIA, CDR. ¥ ¥ . REFEAE



https://www.mpi-corporation.com/wp-content/uploads/ASTPDF/MPI-TS3000-DS-Automated-Probe-System-Fact-Sheet.pdf

Insertion 2 EREHIFI RS AARIE, HAREEH KGEPIC

B T AEAT 0/0, E/O, O/E. S-parameter, High-speed test T2 HIFRFARI, 43 5l#H ¥ EPIC &-FEA[R L)
REETTIIRE, 37 BAE ) KGEPIC, 2RI TR AR BR,

o AHETE AR BRBAGET 27, TRIIEGIFEEA —E step 0 2K LA Functional test R DC test,
KLA Ei Onto HJf#/% particles, cracks, voids, topography. pad alignment 5 wafer shape %!] 2 5§ i 2215 H
, [RIFRFEH 3 EPIC i open/short test + DC test, % Insertion 1 #&8 {55 &) v 6248 28 i R B B — K,

B RAOZE TR AR B #EBENENRR & R R B

BF Image HSIR Image

Chipping


https://www.mpi-corporation.com/wp-content/uploads/ASTPDF/MPI-TS3000-DS-Automated-Probe-System-Fact-Sheet.pdf
https://www.kla.com/products/packaging-manufacturing/wafer-inspection-and-metrology-for-advanced-packaging?utm_source=chatgpt.com
https://ontoinnovation.com/resources/enabling-in-line-process-control-for-hybrid-bonding-applications/?utm_source=chatgpt.com

O/O Testing flow 2 EH—KR PIC

« O/O J2 Optical to Optical 7, 284 LK &g A2, miton, KE 0/0, FHENIHEBFHZ, o
FEAEANBR Y Insertion loss, Wavelength response, Center wavelength, Passband width, Crosstalk, PDL <,

- JEB O/0 PIFABEIH- G TRIRIEALAS Sk U = K B AVUAE H &, ffesdhl ok 3] DIEAL 6 H & K, 18
o KA DA  H 5 A, MERIZ A K B i, H2 A KSR B M A Sl ts, A6
R A B2 M AE AR, BAES IR AR K, T LU IR,

BRI EEE (REARMER )

0/0 JIFAZEIE

i

Tunable laser *| PIC optical input Insertion loss S PIC 4K/ 2 ST
l Wavelength response ENEN =St AE 22 6 B RS
WDM - Waveguide Centerwavelength MRM HinE R FFaakEt
l Passband width A 368 308 P 91 I A ] FFEaEt
PIC Optical Cross talk Channel :Z [#] t8 R & ARG Ay
—|  Power meter I " :
output PDL AR TR HEFEAE 5 BN



https://www.keysight.com/us/en/use-cases/perform-photonics-ic-functional-test.html?utm_source=chatgpt.com

E/O 7EFRB /KK, BEHIE, BE EIC B PIC ZERER

o TEREE L, B/O FEEIMNMBEHFT CW light (R4 0 R 1 RUEFE LK) # A EPIC, IIF EIC 19 Driver & ki
&) PIC HJ modulator, modulator S8 i % FHYHT ST SR sl Wi, 1 —28 OB R SR EE AR, BB HH 52
(1) B (0) BEAEZADEE, A2 MZM, It 2, BRSO — R E R Ak R 8 S,
NS MRM, HilZs i fE R S Al A B A, ff)’an_JﬂEETLLZFﬁ'ﬁKE@J@

o TEHIE L, hERZREEEEWHE, TiFae (KEIRAEH] & Optical output power, Modulator insertion
loss, ER, Modulator leakage %% ; = iRiE T~ (GiF /& F> High speed)ill E/O S21. Group delay, Jitter, OMA
PAM4 level linearity, {K# Eye diagram R TDECQ 2,

E/O BERZEH: Insertion 2 E/O JHIEAZ 546

Electrlcall pattern Eye Diagram or TDECQ F&#&
| EIC Driver |
External SolC | Bond >
CW light SolC | Bond

| PIC Modulator |

I

\| Modulated optical output | Y,



https://www.researchgate.net/figure/S21-electrical-signal-of-electro-optic-EO-effect-obtained-at-different-DC-bias-VDC-as_fig3_328251291

O/E HIFR&RE i A2 Eim HAV Kk pabng

o  TEJREE E, B e A modulated light 1 A PIC #J photodetector, %t SoIC bond 2 #% 1 A EIC i TIA,
PHEGIEE 1Y) photocurrent f K% Al BREEAYFERE : V_out =~ 1 _photoxZ_ TIA (Z_TIA J& TIA #YLEFRAYEE /1
, T A B AHIE AR ),
. f I b, B ErOEEECLFE RS FE V. Responsivity, Z TIA. O/E bandwidth, Receiver sensitivity,
Saturation power, CMRR, Jitter, Noise % (#3777 /& /Y Hlgh speed JHIFA T2E/yF54E), IF H UL BER (Bit
error rate) 1E 2070 HIFNIA B BB AR EGE SA R A, ke BB E/O JIENHETE],

Insertion 2 O/E JIFRF A

Modulated light BER F&#%
| PIC Photlodetector | /\ AIRERE
< SolC | Bond > Z TIA CMRR |- Jitter | Noise |—
SolC | Bond
| EIClTIA |

_ | Electrical data | Y,



https://www.keysight.com/us/en/use-cases/perform-photonics-ic-functional-test.html?utm_source=chatgpt.com

S-parameter B —EfIRBEAGAMMEA, KNEER DUT BWFE

o SRYFTETHEFES (S for Scattering; HiiT), & HEEMEA DUT KE, #50€ @i DUT, H50& SKATRI%k
, FAMEF i B e S RE & 5 be, TEmA BRI B, R S §j, j 2, i ZHIEK, S11 EE S21 A FEH H
FEZ 1 WG, K& T f M ELAGERE RS, thE % TR AR BT loss,

« Insertion 2 f@@ A LIHEIR 2 FE S21, WFEHFE S21. O/E S21, E/O S21, {H & %HE - O/E S21 R E/O S21 7
fi O/E test i E/O test BURFERL & T, MiFE S21 BUEE 1582 & BhAIR & B F8 I B AR AR
JFR, S 20 2/ aApE, KEnE &1, IRE S BER HIREREASE. EEEE, "R S BEAHK
(B RE AR A AR, RZIRK,

mABAIRLARE R

E/O S21 test & HE

Low frequency regime I High frequency regime
AERTT 1) REEE '
Si1 Port 1 — Port 1 A nEE, XEEIA QLD g
s21 Port 1 — Port 2 A DS, HEH nE S
S12 Port 2 — Port 1 Bt sl i, /D4 A O
—— Vpc=+15V

s22 Port 2 — Port 2 BB A, /0 RIE H 00 1' ' o %

Frequency (GHz



https://helpfiles.keysight.com/csg/e5063a/measurement/setting_measurement_conditions/selecting_measurement_parameters.htm?utm_source=chatgpt.com

EEAERER EPIC 7E Insertion 2 BIREKER

o EIEHPIE G RS EPIC TEEE Y T EEAE RN, W B LL: PRBS, [R[E ., ER + OMA, TDECQ,

BER % i ff i i FEARACHIETRZ EPIC &4 A,
o FHE ERTRNERFEAGCIA, A —SE SR REEAAR) EPIC BYHIEK, FEAD heater JHIGAE 5 B HL R 45
BEUEH) MRM-base EPIC, multichannel simultaneous JHIFAE ¥ 4/8 channel iﬁfﬁﬂﬁtﬁﬁkiﬂ i e, dR 0 R F A

ARERREE, R ERERFEER P AREALSER) EPIC #E1THbH 2gH], ELE - E R s TP Y

Insertion 2 SOP,
EE IR T EEE(igE
BB/ LA E#

—BARTIE EXBLUERENERNSEEN, R

PRBS b —EfLF 5 B8 3 R B (D 3
HIs [ Eye Diagram BREREEEEKAER, REE#XRIRRABEER
ER+OMA I SR RYE BREEEE
?E'T\ x‘E nu.;ﬁib%gu‘ ,E E-u‘ £ Elk
TDECQ SUETET LT DTN B et L oo el his i

BER AL TTdhRAR EL BT B R 75 RE S 1L fife 5



https://www.keysight.com/us/en/products/berts-digitizers-and-daqs/high-performance-berts.html?utm_source=chatgpt.com
https://www.bilibili.com/video/BV13U4y1f7KJ/?spm_id_from=333.337.search-card.all.click&vd_source=2c69ee37478adb2eeb3b852a2bd1334f

Insertion 2 ¥ EAZFR AR CPO HIF & B EER)BIFENRE

 Insertion 2 J& b FHERIH, £ 5% eletrical probe £2fiff EIC, T 1% optical probe H%fif§ PIC, [F]HE
wafer chuck AR EELBH O, [FIRF SORBERE B U8l 0 T & kG L alignment Mafsl, 5 — 5w
W b RIRR =R S E Ak A S REREE, FEAn alignment E4s 1dB AR A i —BsAEk R, INE%FE ATE

e BRI E 2 PIC total loss 1dB, type I error #HE BRI ETF, BRIZ O, A0SR 2 B Or HEfE
¥ EPIC RIPTA channel £ AT A 22 BRAS & sl AR B EIPH, VAR,

o JRRERA pE B IR IR L RS B SR I BB AR R G B R b CEHEIR B BN ) BT R
U LURAE B SRR R 8 T an(nf PR g R EE R must, WREE AT LU proxy. WIREE m] LAFHIH, i — B

1) HVM recipe to minimize test escape

HIEAR AL B R

1.min T test

Test escape < B_max (BEFP A ISR KR MR A B MmAHE )
2. Subject to False reject < a_max (B F A LUHEZRAMR SHERZ AZ AR )

Coverage 2 C_min GRITRIGR LRI LIEZE L E B EHIE )
BkkIR: BT 124




Insertion 2 IR Hi &

DUT : EIC die B bonding E| PIC wafer ; #% COUPE $8 L E Tt 2:48 » Bs8%¥51% DCE/OO/E/ &R M4HE ©

ATE+ &4 BERT 5§ VNA
CW,“Tunable laser pattern,”PMU VNA /il EO/OE A
SRIE EO SBEER (Rx Al Double-sided wafer prober RIS
v WX 18 Z sensing /
VOA ~Optical switch /(R RDFI Ea/bll_: de?aosatr:e
RESCINE ~ BEARIKR
JKEBFEEREE,FAU R EPIC wafer ) _| Probe card /RF-DC probes
7584 active alignment EIC die+PIC wafer %% EPIC &M pads
__________ 3
St SR s SMU_Power supply
Power meter,” DCA-+ Y¢Rx RE ~ BB R A
OSA ~ RF OE receiver : #fg

Thermal GridChuck
Tx—Rx optical loopback (EEfz) HZEERE F2mM

E/O : BAJEH ; O/E : sAEYLAEH ; BERT ;I BER » VNA+EO/OE RISEIZEFE o
BLAR L MR AR L BER (FIEME) AR MWL OBRITE EAR L ERRE
BEIRIR : Nomura, HITEHE 125
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EPIC 7E5ERX Insertion £, Z&i® Singulation HJ5k OE die

+ il Insertion 2 %48 EPIC Wafer map -2 %, @ wafer 27 OSAT BEEATYIHI, FEBHNAY) 14 iR -2
#% /55 —1# Optical Engine die, BIEIA RS OF S0 HAE 1C 1 S HEE 5, 2% VS LR A RE
J& . SERNIE S RERFAR A PTRE SRS IR B coupler B,

«  15#( Singulated OE die Z % ¥#4T Insertion 3 (Die level), AV E FEL Insertion 2 FA{EL, {H &K 2 —{F
REIRET, —ERUIEIR, R EhEFRANE T rIRERYBRIE, N b5 8 E A R A AR 5, Brll

JRAAEDNERIRR B BERTHE T — R IR R AR

A, i KGOE %1 — 2 EHE, $25% Insertion 3.5, 5 — 71l

Insertion 3 HL & 7EHRAL Insertion 2 1Y test escape, ¥ CPO HIFERH X LT — &R,

EPIC wafer S)H| R -Lhin—P 8

AO| & = 2= o 1% R EEEE
+Warpage &:+%& Hia?ﬂ%iﬁzﬁ%{%ﬁ Dicing frame £
LT EEE = 1IN Dicing tape £
'

Bt BB MR R &/ blade saw =, | | R Wafer map &

EE laser dicing £ % FEE|
#4T die edge., 3 1R wafer map #%
W, BRAELENE A% die B, Mt

wmE tray

Insertion 3 HLEMEFELL T &RERE

Insertion 3 FITEEA S Uk %

KEVis = Pigz % B [(1 = ROE)(CFAU + Catign + Coepkc + 613.5)]<
+Pr35 X (1 = Repo)Cepo

_[CI3 i Ccap + (1 - PAIZ)(]- - Spi3)Cfalsereject]<”

If delta EV_13>0, do insertion 3. Else, do not.

BRI : Morgan Stanley, Nomura,



1% Insertion 3 B2 OE BY FT, BEE—UIRRAER AT

— BEE " pu
o eI AT, BT Step 0 HWERER R OF A EIO B
U, Rt rE — B0 R R e RR HE ki O/E B&1E ATE/BERT Bi
« Stepl e NEL, B BN B SR B, 1 ELS/#E BERT !
Handler ff2 DUT #IUE /A2 Optical-Electrical Load board
socket L i€ open-short, [ELE|FEEFTA . ks S%cket
pil’l %Bﬁjgfﬁ VOA+FAU \ OE
« BEFAIERPAA Insertion 3 H9 =N — IR o EIC Driver * PIC
HH, BMEEREGER— M PIC PD + EIC 1
:Full calibration,” DC test, High-speed TIA/CDR \ FAU/SLI4 7 &
functional test, Optical loopback test, | I
, Load board
Alternativly: S-parameters + Socket St 77 i 28
BER'I} Error Y
Detector 5\ ERJL#4 Loopback

¥BBRJIR: Winway, Morgan Stanley 128




KEREREREEY DC Test fift2 Insertion 3 FJBEPIBE

o TEEMEZEREY, ek & OF WEARBRINE, BB GREIER BE), & (& lane ¥ EREE ErESE
S, 1EE AR & Y failure J&RAEEMERY SRR, K 292 A S5 E % E 2 B IR R, HEEHEE,
Mm% & M1 758 Bhvim IR R PORR UE, $+¥H388tuE, EIC Driver M 78T & OB REERE) PIC NEBRY
MZM/MRM, FAREE JREZ B R AR, F—E3E 52/ modulator FTF5H) bias ANa5AHF, ATE @1EE
i B B £ 2 Modulator B e TAERL, $1¥HE20, FZ@sM A ERm PIC i A ELAEEh3E, K& Dark
Current 56— R AIFEAE, iR a2 5cbm HY fe A A 2
% ESTHFRE Y2 2, 1518 CW Laser M| ESCHITE Insertion 2 42 K @A FEEE,

BRI : Morgan Stanley 129




& functional test KR [LIZERIZ OF WEEF1TH

o HE L EHE B AR EASCKELE Insertion 2 FEEESTHEIME T, BB B EITRE AN, e B
St R P I 73 B B AR, FE5E 5, %5 BERT/ATE &4 PRBS #SH Socket i A EIC Driver, H
Driver B8 PIC Modulator #f£ CW light #2551 PAM4 YCaA5%, FF Bk &8 optical error detector
Peli, B TREATE B 1T he &, fEEs, BB BERT Tx 46 4B T 0 PAM4 #RAGE, 21 VOA P
i AOGEE, Hi5 A OE #J photodiode, PIC iRk FEfi, EIC B TIA. equalizer, CDR ¥ HR Ak
T alGE, B4 H BERT error detector Mt ¥,

« 1 Insertion 3 B &R HIGEEIEpt B £ EHEIEIZH) OF Bl —wk, H— UK A UE S [HEEMEAR S
BRI &, FL U Insertion 2 AYRBR IR .,

Tx E/O S EHHE —H%

7E 95% 8. L/K¥ET BER FrRBllRRHAK

Line Rate A ER| HEE lane B
AOP TR . 2.996
OMAouter PAMA Ji BUR S0 A BB Time (seconds) = 70
ER THYtEE
TDECQ B BLE OB R PAMA R E 5 2K
RLM PAMS IURL S {2585 S EK BER = 10712, 349 bit rate £ 100G/lane,
Risell ime SR (IR L2 100°10°0, HFERTRISBRMME 30 B, LULEHES
e e 58 R FEEE AR BER BB E
Optical crosstalk AT lane ¥R lane 15
BRRIR N 130



https://www.tek.com/en/documents/application-note/analyzing-26-53-gbd-pam4-optical-and-electrical-signals?utm_source=chatgpt.com
https://www.keysight.com/blogs/en/tech/2019/03/10/ber-is-it-bit-error-rate-or-bit-error-ratio?utm_source=chatgpt.com

Optical Loopback I3

o SEERIEFERE R OF fEEE A RS RN, (B2 S EBE R PASRENE, Al & Tx iR Rx 47
BRI, 38 YRR i[RI s R RF i 5 — 42 & B, 48 & crosstalk B end to end BER,
AR RS T 21E BRI Optical loopback R High speed % {1 /BRI 4] SR EE 5L T OE HIEEN
DR A PHHEMZ AR : — (REXHE OE Tx dmfinlliR, A2 Rx dmiztne /11R55, &4 R optical
loopback Tx V%% Hi R YL RIBEERE#E loopback loss #1532 Rx ¥, 14 p]AEEEMEIEK, K4 Tx WmifE T Rx Smr
5524, [KIE(E OE w#ild T optical loopback, A2 —fE R 4FHY OE, ., Tx lane 1 #5225 Rx lane 2 HYHR
. FAU JCREHESIBETR . Tx Rx Wi Rt s iy & SR p AR ILAT 12 A #F5 %08 High-speed (IR ik,

AEZ 1 optical loopback 2K EEAK LA {3 1T i,

- S 8%

: 5% Loopback

— E R K85 BER
D S — . 4 Type-C port for easy access to device.
C . SERCR RIS
- s A% S e Support loop-back test
o = FEEREAH Support 125M/1.25G/2.56/3.1256/56/
a1 BRIz EB5R BER 8.5G/10.3125G/

Loopback 11.3G/14.5G
J'L'._T.E/Jm xlﬁ“ n-t

BEIKIR : Morgan Stanley,


https://www.teradyne.com/2025/06/23/scalable-optical-testing-sipho/

Insertion 3 JHIZER s ik

DUT : BEIEI ~ HREEKA FAU BY OE die ; FTEHRE ~R4FS T - &tk ) B2 ARIS IR ©

ATE+EM BERT 3k VNA
CW./Tunable laser pattern,/PMU VNA 1l FO/OE Al
SUARIE EO &R (RxGAIE) Die handler,” Die prober ﬁiﬂuigiféi’ﬁﬂ
Pick-and-place /fR& E{iI :
VOA,Optical switch /{RiRIZEH! DIB,Load board
s THEE | 3B EER RF cable/Bias tee
EE:#%*%EE/FAU Singulated OE die RF-DC probes,“Contactor
$1#E OE coupler EIC+PIC (k3% FAU) f& die pad,/bump FH
. K ‘
a8 s SMU_”Power supply
Power meter,” DCA+ Y£Rx REE ~ EREAEERE A
OSA ~ RF OE receiver : fg

Optical-Electrical Socket
Tx—Rx optical loopback (E#c) RETE R AZEIRTE

E/O : EANE ; O/E : A%t AE L ; BERT Al BER » VNA+EO/OE RISEIHZFE o
BEAR L EES AR DB (FI®m) RAR D HEMORIE  ER ERRE

B3R JR . Nomura, HITEH 132
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OE die #&38)8 B R N OLR BB SMEIEE  OF Pacakge

o RFREIFREEEL . OSAT BEA RIBANTELER A A RIRYEFELT7 20, (B B Al EiRp0 7 20Uk 2% OE die 1%t
et BB AREER L, FESLEEMES T 2 1%, BRAGET B TR OL 2 .,
ME LB B ST EFE FAU, Fiber ferrule, V-groove, Micro-lens 2%, £ H @ ¥ % (Active Alignment)
MR R KB E B TT i, gt — A [ e i, N E ) ORE, e BRI B AR 2] FAU
{56 G B Foe (1, et b Lid + TIM + Stiffener HAB#ER, £ IRERYR7E FAU K%y OE i & f&
CTE R RIFME R i B E] FAU RINLE,

FERHER BB SR E RN B OE FyAREAEEIETER NPO or CPO

o [ sttt Poward Front ‘Pandel
\ - 2 _ : L S
| | ASIC CHIP QSFP, |OSFP MODULE! I |——Optical fiber
- \ v C o 3 —
- COBO. NPO [
TR ["MODULE i N ( - Opti(glliber
1
' CPO M R
\ [ AsiccHip [ MODULE | — =Sy (> Optical fiber
\ & 2=
\ | |
\/ IPO .
- S REEraE ) R 3
ASIC CHIP_|MODULE| — e SN SOV SRt | (_>optical fiber
e ———— =il
[



https://ase.aseglobal.com/ch/silicon-photonics/
https://research.ibm.com/projects/silicon-photonics-packaging?utm_source=chatgpt.com

Insertion 3.5 FRAEHE v 5E € 1ERH 4L BR 51 HH B AYBRIE

o TENCHIHERYEIEEEY, S EEAE S FAU B02RE . IBA B E R0 Boks . BSOS mE 77,
BRI T Y e S 0 5,

 Insertion 3.5 F E b &5 ¥H55 4L nAE H B Ay JE fwdE — 20 Fk tHadis H 5% OE Package, i#H EIER) KGOE
= A& ) CPO Package,

e Insertion 3.5 ARG FER A FZHEGRAR, AIRER MU EEE  O/O test, {HH A K EL Insertion 3 %A K
KRZH, 215 DC Test, Tx ¥ + Rx Wi @ HI5, Optical loopback,

FAU EBh# B s BT RS LA BNtk BRI B RF SRR IERIRE

CPO Alignment Accuracy vs. Optical Loss

// \ : T3.5 = Thandling & Tcontact + TAligmnent + TO/OQ
// \ ‘ +TDC + THighSpeed * Tloopback + Ttemp’(J

Asgnment Offset (um)

Tolerance Stack-up: 3.8um |
42% of core diameter.

BERIR: Winway CPO forum,



O/0 Optical test & Insertion 3.5 F EZRE(LRYHIER

o HRAEHEGEEFRAS HB failure BIHIT LR FAU, [KHEH¥ O/0 #47 Insertion 3.5 #¢ 51 T L&
+, SHEEELETE M Insertion loss, Optical return loss, Wavelength response, PDL, Channel Uniformity 47
Il A B,

o ELEEMBIZ R Fiber B2, FAU $&(7. Lane mapping SRR 25 [ RH, i AFRFE[RIRpE 2 B 1% 46
HHEFE LB S A 1% TR AE A S B B R R P T RER AR DL, BEEE RO [RT I HRAE nT e B 25 RO A R
i, 38— PAMA SRR, I BRI TS B OF M RN R R a4 R 23 5
ERIEAR B A H B rTRERI IR B, (2B | OSAT A& 42|, BAanfrApHiz 57 Know-how

B RBEH A ARFER B RO

12

10

w6
B

BHKIR: Winway CPO forum



High speed test B Optical loopback [ HHEiF7E Insertion 3.5

 Insertion 3.5 7EMIIA FAU % £ 751432&03 %f%fﬁ%:%ﬂ%ﬁﬁ TESEEATHIE, s HENELE  Optical
loopback HYIFEERE T Insertion 3 TLAEI M HE M, R ML RN, M S 2 gkt fEHiH L B B T eE

AHEEL Insertion 3 TR test escape %Tﬁ%

o SREURIREE SRR R —HE FARE, BAMFE A & B RIS R S SRR e A T —
A HHIEA,

o BRI BB AR T SR T RO TIRK, By 4y 100% & IEATE B LAl SRR E

« Insertion 3.5 FY AIHEMEMEEEHE Insertion 3 151, IRl 2& B IR IR R 25 B AV LE, MFEEELIREERY OR

I8 B B Ak T SEAERIEATE B Insertion 3.5 FIHZRER 263K B /M3 o

FAU / Connector ;5
%3 F DC. 0/0. ik D L R —— | FAumAT=Z
— ~
A ok i M BRI B 1
BLIRF ] Hot/Cold test et & BLR Eh IR OE THEE ﬁéﬁ—‘
JE R[] 4 lane loopback L 7] \>\ ocket T R |
[ BER Optical and Electrical Socker=~ FAU A5 EE |
52 OE A58% |

BHKIR: Winway CPO forum



Insertion 3.5 B3k EHAS B4R Mo

ELS/Optical BERT Tx

A

A

VOA/Optical Switch

T~

Handler & Package
Prober

Permanenet
FAU

Packaged OE

/

Power
Meter/Optical
BERT Rx

ATE/BERT/VNA

Optical-Electrical
Socket

BRbskIR : BT

Load Board

138
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Insertion 4 BYHLEY DUT 2 Switch ASIC #8228 OF HAEE N

o FMLL Nvidia F5 /2 Infiniband 85 € 1B Quantum-X800 CPO Switch 41, F7E Insertion 4 F4ERFRFHY
DUT J&fHBERIRE, HAZHa 5 B A Switch Management BLifk 75 AR IBCR, 1804 & K BEHEVEE, —
{# Switch Tray A PU{E CPO ASIC, f—1{# ASIC #B4 /S{# Optical Sub-Assemblies, #iA —f& OE,
¥ Ef—18 ASIC #1F 18 i OF; &1l ASIC th&r ¥}/ 324 {# Optical Connections, 144 {[E MPO Fiber
Cables, f8IEA 1152 MR BEBOLME BB BB ALA 18 {8 ELS (438 ELS M 8 JAEIHILAL), B0 A

EiEF AR CPO AZHLR) BB HLERS

Tx/Rx 4 576 lanes,

Nvidia CPO A #ul

The Path to 200T with Broadcom’s CPO Architecture

I 8x 6.4TFR4

I @
e

NOw

Il 16x 6.4T DR Il 16x 12.8T FR4/Bi-Di

. 2026 Production TBD

First to Market at 200T with CPO16 Architecture

© BROADCOM


https://developer.nvidia.cn/blog/how-industry-collaboration-fosters-nvidia-co-packaged-optics/
https://www.simpletechtrend.com/post/cpo_nvidia_vs_broadcom

Insertion 4 B LEMHE CPO module B RBAR A R —BE

o QORTEPTIR, CPO FERR 284 ST AOREA: 26 (R B 1T Bk, 14— {18 255 RE AL ) SR LT 2 (o I Aok e g
IR BE AT BT A Y Insertion ] LARELR OE REZAEEE] 99% 1Y EL =, [H 25 FAM7EALEE Quantum-X800
BA 32 OF) ¥, A HLrefefriny R =AKR 72.5%,

TE 72.5% WY R RILHE T, TfME=H vl A ¥2] Package to Module 25 HFT & A FORASN R 28 A= 10 A]
REME, E145 ASIC to OF FYREMS T 4N, FAU 2 EAEE A%, 32 JH OE [FIRFRUE) & &
crosstalk, ASIC Eil OE FY lane mapping. training, CDR i timing /&5 1IEHE. JM0EE 5@ T RE 4 1EHE 70 655

— RS,
CPO Module BRAR
n
YCPO ~ Y;lSIC X ‘ ‘ YOE,- X Yattach. X YSubstrate X Ktllignment X Ythermal =
i=1

EMFEBRERFT A RIIRET B REE 99%, CPO Yield th & RFI T8 68.94%, £i% OE
BERHZE 99.5%, A|EXEA UBIEAAEEHEMN 81%,

BERIR : Nvidia, BfTHEE




Insertion 4 4372 4E B2 40, 45514505 1 5P 1A B i {8 i 3R

o BAMCASERABEMERIEARRR THE T, KIHESEW A E LB RIS, ELURECAT BRI RREST BB
, 4E 1947 /=251 ATE/BERT zE 4= PRBS 8 RFERY pattern %51 load board + Hypersocket %2 CPO
substrate %5 A\ ASIC, ASIC FFiZ i EHE N SerDes 2613 EIC, #{%% ASIC-OE eletrical lane mapping /&5 1E i
, DL K — o E ) B TR AR

o 1E 40 57, #H# Tx #51E ASIC 2| EIC driver £ PIC modulator ¥R/ LIRS AL FAU 726D
et e PR TR, BB MERIE GG TDECQ. OMAouter, Power %%, $+¥f Rx #4> All 27 VOA H#E#
Jt% i FAU E#i%] OF #7518 PIC pd to TIA/CDR 2| ASIC ## i fif#2 BER,

¥E 4E B 40 ZRif—E5 5

Test Requirement Test speed, Alignment, Mechanism Design.

BHKIR: Winway CPO forum



B&T 4E B 40, Insertion 4 & Optical loopback

81 Insertion 3 FH[A], CPO module H1 & Optical loopback, E.H& LM ASIC Tx v %%, £ EIC— PIC
Tx— FAU— PIC Rx— EIC— ASIC Rx, B#75 — {2 #%HY pre-FEC BER, Post-FEC error <,

15 {4 Optical loopback B Insertion 3 FIAVE Z# 1T/ CPO module 2 T ASIC, ASIC-OE [HRYE M 8IE |
CPO Substrate, Acutal Permanent FAU, Multiple OE ¥ lane mapping %%, #H ¥} Insertion 3 B4 OE AY1E5E
A i B NN A,

RIEHEAE b, BB &% HUT 32 OF 2BBYHIEK, B2 CPO module I AL, HE k25—

R EEERRME A L MBS,

¥JH OE RRE{HARIR MEIeHIME

@) o
(=) o

HAER rail HIR
voltage droop

@

=& lanes £F

OE

\

0.2 PR ERELRE F R AR
MRM wavelength
drift

143



CPO SLT #JE48

£ H Nomura ¥ —# SLT FUE TR, FfM:iFE1#E System test board Hf% ATE, 7% DUT 1EHET ps A EREAR O BR
BT BUTEEEE TIEAH, RAFE L server (EEIERFLE A orchestration 5 i (b,

FoAM mT AR S AT RSBt (. CPO SLT YA BRPR R G AE, (E2 BB 2B AT 5 VAT i AR AT 1 A
B ER, KM HBR i 2235 BLaAR,

SLT BB

WA Socket tE ’EQE’JE';;(‘%EE*'*‘EFE MEEHARE
Pass/Fail 9 R EEIRE1E AR port BB mE

BERIR : BITHAR 144




Insertion 4 JEAER M E S BRAR HIE

BRbskIR : BT

Handler + ATC

JEThEET/OSA/DCA

A

OE

OE

JHE S /FAU

ﬂk

HyperSocket

Load Board

ATE/BERT/VNA

S/
&l

#54
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CPO Az (e




Insertion 1 | CPO I3 3= SR AL ps i E]

EIC B2 PIC wafer 9358 ; EIC {RE M ATE » PIC EANANLIER ~ YIHZRE R EAYLEEMI o

KREBER B RIE

¥tiE,VOA /Switch / {RiRiZH

@ Keysight N777,/N77 &7
@ Santec TLS,/PCU,/VOA ~0OSX

Wafer prober,/#i% /B #E
@ TEL+FormFactor : TRITON
@ ficonTEC WLT-S2
OMPI IEEFH

BRI 28 AEE

ATE "BEENAHTS

@ Teradyne Photon 100
@ Advantest V93000 (wafer/528)

AP ESEBE

@ FormFactor Pharos,/FAU
OPI ; Aerotech ¥tz

Y

JIhE IRE YR (BRIIR)

@ Keysight power meter,”DCA
@ Anritsu ; O Yokogawa OSA

EICwafer | PIC wafer
HFER{kimiE DUT D RECE

BERT,”VNA+EO/OE Hijiin

@ Keysight MB050A,LCA
@ Anritsu MP1900A “ME7848A

RIE KR EERSEFH

O MPI TITAN + R IEER
O FormFactor RF probes+ISS

RAEES S HH S
@ TRITON,FormFactor
@ Keysight PathWave
/\ Chroma PIC tester

Probe card,“BiZfE7TE

@ FormFactor MF80,MF130
O MPI RF probes ; Technoprobe

@ ESEACPO/SIPhHERE O BRENRE « RRATER A FERE BEd
HEFAEAHBEER ; ERRTYERE > TRTEBXEHE  tIRRBETREEMTE

BRIRR | RHiEE

DIB, Load board ; SMU_ £

O CHPT ; DIS (Technoprobe)
O Keysight SMU ; Keithley 2600B




Insertion 2 | CPO I3 3= SR AL ps i E

EPIC wafer BYBSTE L m%AE - BT chuck ASRBEHI ; ARBEHEASHEIH ST

KREBER B RIE

¥tiE,VOA /Switch / {RiRiZH

@ Keysight N777,/N77 &7
@ Santec TLS,/PCU,/VOA ~0OSX

£ wafer prober JB#E
@ MPI TS3000-DS,”GridChuck
@ ficonTEC WLT-D2
/\ FormFactor,/TEL

BRI 28 AEE

ATE "EAEBNXTFR

@ Teradyne Photon 100
/\ Advantest+MPI gt

JEEB/CEREE, 7N EhE (i

@® MPIficonTEC ZR4ERE
O FormFactor Pharos ; PI

Y

JIhE IRE YR (BRIIR)

@ Keysight power meter,”DCA
@ Anritsu ; O Yokogawa OSA

EPIC wafer

BERT,”VNA+EO/OE Hijiin

@ Keysight MB050A,LCA
@ Anritsu MP1900A “ME7848A

RIE KR EERSEFH

O MPI TITAN + R IEER
O FormFactor RF probes+ISS

BERE/EREEE
@ Teradyne+ficonTEC
/\ Advantest+MPI
O Keysight PathWave

B probe card, RF-DC probes

@ FormFactor

AMPI (BBFEER)

@ ESEACPO/SIPhHERE O BRENRE « RRATER A FERE BEd

HEFAEAHBEER ; ERRTYERE > TRTEBXEHE  tIRRBETREEMTE

BRIRR | RHiEE

DIB, Load board ; SMU_ £

O CHPT ; DIS (Technoprobe)
O Keysight SMU ; Keithley 2600B




Insertion 3 | CPO I3 3= SR AL ps i H

Singulated OE die K%K A FAU ; /A RAFRBELEIERA « MR REFAIEIR BEREMI o

KREBER B RIE

¥tiE,VOA /Switch / {RiRiZH

@ Keysight N777,/N77 &7
@ Santec TLS,/PCU,/VOA ~0OSX

Die handler,/Die prober
@ ficonTEC DLT-D1
/\ MP1/TEL die prober
O Thermal fixture : RFEFHES

BRI 28 AEE

ATE "BitlHFE

@ Teradyne Photon 100
A Advantest OF 424

HIBF FAU,EEREE, i

@ ficonTEC B&¥iiL
O FormFactor,”Pl,/Aerotech

Y

JIhE IRE YR (BRIIR)

@ Keysight power meter,”DCA
@ Anritsu ; O Yokogawa OSA

Singulated OE die
EIC+PIC » K¥ZKA FAU

BERT,”VNA+EO/OE Hijiin

@ Keysight MB050A,LCA
@ Anritsu MP1900A “ME7848A

RIE KR EERSEFH

O MPI TITAN + R IEER
O FormFactor RF probes+ISS

ZuhipE, SHEES
@ DLT-D1 : &% 3 test heads
@ Teradyne Photon 100
/\ Chroma OE tester,/ELS

RF-DC #££t,Die contactor

@ WinWay chip-level 5%
O MPI/FormFactor RF probes

@ ESEACPO/SIPhHERE O BRENRE « RRATER A FERE BEd

HEFAEAHBEER ; ERRTYERE > TRTEBXEHE  tIRRBETREEMTE

BRIRR | RHiEE

DIB, Load board ; SMU_ £

O CHPT ; DIS (Technoprobe)
O Keysight SMU ; Keithley 2600B




Insertion 3.5 | CPO HIER = E 4t RS HiE

Packaged OE E%&7k A FAU,receptacle ; Alsimc A Pl 4G EHGEML » Bt AR B IR SRR

KREBER B RIE

¥tiE,VOA /Switch / {RiRiZH

@ Keysight N777,/N77 &7
@ Santec TLS,/PCU,/VOA ~0OSX

Package handler,JB#%E
@ ficonTEC DLT-D1 #4
A\ Chroma package handler
O BE e EHARHES

o

BRI 28 AEE

ATE "EAEBNXTFR

@ Teradyne Photon 100 : OE
A\ Advantest OE package test

kA FAU,receptacle E2i0 st 548

@ FOCI : CPO fiber solution
@ SENKO : PIC Coupler,/&E1%33

Y

JIhE IRE YR (BRIIR)

@ Keysight power meter,”DCA
@ Anritsu ; O Yokogawa OSA

Packaged OE
EIC+PIC+KANENE

BERT,”VNA+EO/OE Hijiin

@ Keysight MB050A,LCA
@ Anritsu MP1900A “ME7848A

Loopback #RiE /"IFE T E

@ SENKO ; O Santec switch
O MPI/FormFactor B4R IE

BB TS
@ ficonTEC E#f fiber coupling
O Pl Aerotech i F 24t
/\ Chroma OE E/O tester

Optical-electrical socket,contactor

@ WinWay £ package solution
O B EEBERTHIEGR

@ ESEACPO/SIPhHERE O BRENRE « RRATER A FERE BEd
HEFAEAHBEER ; ERRTYERE > TRTEBXEHE  tIRRBETREEMTE

BRIRR | RHiEE

DIB, Load board ; SMU_ £

O CHPT ; DIS (Technoprobe)
O Keysight SMU ; Keithley 2600B




Insertion 4 | CPO HJZ&3

= B e e R

CPO module=ASIC+ %58 OF ; DRIFNZ 40 EHEM, 4G 4E > Handler,/ATC,Socket,”ATE ZB3E[EE&ET ©

KREBER B RIE

ELS,CW J¢iREL N R A BN

@ Keysight Santec Rl IR
O VOA/Switch,/{R#xiZEH

Handler,/ATC,ELS head
/\ Hon CPO &
OHon ATC EAEmS
/\ Chroma Jt2E 4

BRI 28 AEE

ATE,“Module FT #I#F &

@ Teradyne Photon 100
A Advantest (MS : E&z&H)

FAU /&4 vmE#Ha

@ SENKO_FOCI }tH &
O Pl/Aerotech ; A Hon &

Y

JIhE IRE YR (BRIIR)

@ Keysight power meter,”DCA
@ Anritsu ; O Yokogawa OSA

CPO module
Switch ASIC+ %58 OE

BERT,”VNA+EO/OE Hijiin

@ Keysight MB050A,LCA
@ Anritsu MP1900A “ME7848A

Optical BERT “loopback /#1E

@ Keysight,Anritsu+ Yt E s
@ SENKO ; O RF RIE

BESFT/EEEEE
@ Teradyne Photon 100
/\ Chroma 40 tester
SLT B3 A&EEE

Socket, BIHEEHIEE

@ WinWay HyperSocket : module
FERIE A BRI R R R S

@ ESEACPO/SIPhHERE O BRENRE « RRATER A FERE BEd

HyperSocket 72 WinWay 43 ZEfm ° WIEFFE CPO module BB HE ; FihEhm HEEE BOM KRR ©

BRIRR | RHiEE

DIB, Load board ; SMU_ £

O CHPT ; DIS (Technoprobe)
O Keysight SMU ; Keithley 2600B




EREIRE




B EBRESURRTE

RREIEE : RIRARF AR

o AIEARR(ZRITE): Rubin tH{RIZRFEEL Blackwell 110
#8118 50% ; #Fk ASIC ThEEZEH 1,000W #, Burn-in +
SLT A {# ASIC E82:A|5pER{Z 18

o IREtR:ERFETEM TAM 2026-2030e CAGR 25%
, MPI 1 & 2 2024-2028e H 8%—20%

At U B Hopper Blackwell Rubin
BRI FT 1 4x £ 7x
RIEGAIR SLT 1 1.5x 2.5x

Z1HlE BIT = 1 4 2x

BIEFERE, MEOREEEMBIERE), MEMHEEZER
HANBHEA(FTHBITHSLT &5 & RAERALER 1.9%
FHE 3.3%, GLLBEEAL, B0 (RFARDREAR) 7ER L HAR
g EFH, BEREREHRE.

BEIRIR . Teradyne, Nomura, Morgan Stanley



% 2830

5

ATE

Handler /
ATC

AT ERE
# (BREt R /
)

AR TR
%

RENH

Advantest.

Teradyne

B, Buk

HIEQ\ %Ejﬁs

Rl EE

miuts. BA

Jt ATM

Wie 2 4 )

HEHESREE
OSAT IEEM &

STESRAEERS
RIEREF, HER
ASP FEELBRE S
£ F

SEMEEREE (KRR, /
R BUHFE) , MR
{Cip=31=]

fRE AL LERE,
WL R inE B

Tt

R

RigE, ESEBTHRE
BhT E % beta

= BRI LIE, FEER
an ASP BkFt

wREREs EREBEIN
, BRRET RE FEx i
AR BT @ A H R EX
HERREE

= Al R R E B R AR
iR, EEEE. KE

EF|E

~60-62%

~56-57%

~55-60%, B &+
B (BEAY
2026Q1 GM
59.45%)

FREHRIE (RF5E
FER)

1B RE

B & E kBt (Advantest
P/IE —E3ZE ~45x, A#E
LLEESRER
NVIDIA)

HRE R (B 2027F
P/E ~29x, BRI
39x)

JBH1H26 eps = 56.14

E Brl4n BARE [ BR (BERS B%
BHENEFFRARS

Rik(E, 2024 F£—EiR
BfE P/E)

RITE Al Sk G LB
Ba, MEHEEEDRS
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Derrick



KB ER—: B At




AT

H A JERAERT R 1984 4, 35502 AL BRI IR, S EISHR, 2% BEEaE | MORHELAR IR, J& 4 BkEHIE 3 (OSAT) 1
5 SR IR R O RRRE , AF] Ty A W K SRS e — A R R AR ZE (IC ATM) , AT IR, (3L 8LFR (Bumping) | 31
Bt HIRK, 495 B ORI 60%-70% ; H 281U L (EMS) 2, fR R EUBGHEMHEARES, K d 30%-40%.

% P I#Z 2 Apple. Broadcom, Infineon, STMicro, Renesas, NXP, Hi##F} | =il % 2Bk 2 1C 5 a1 LR MRS ; [F 2RI 2

%% Amkor, B ERBELEERBL, LKL EE )L,

BB BOREL R EBNE

SUZIESE - B [ IcATM (AR, a5 66%) i

- BIERAIEL (CP/SREEH)
8 7/ b 0 1
29 27 28 28 26 24
45 47 46 47 48 49

« %R (Bumping)
0 « £ (Wire Bond./Flip-Chip./Fan-out,/2.5D-3D)
24 « P&l (Final Test/SLT)
[ EMs (BFRT, Wik 34%)
49
3Q24 4Q24 1Q25 2Q25 3Q25 4Q25 1Q26 2Q26
m Bump/FC/WLP/SiP  m Wirebonding m Discrete and other = Testing + Material —

o ZRETRBUBEIEE (SIP/HBARTI)
Source: PLEBE., T KB

+ PCBA 48R SREBIRILE
- BRBEF (USI) EEHHRGT
- ZRZ5TL, SBH. BA. HUURTF

158




A

o EMEHIEK (OSAT) (7 FA -5 R0 2 SERERY NUE, db BRI BRSBTS R, Dh2aRGmEHH, %], SHEE %S E Ly, &
RE R 2 P {18 R A7 I kLA £ FH O B A

o FEERRME BRG], 2 3EE Chiplet, 2.5D/3D SEHEE AR S E SHIEHANT A A T & 1 Wig 5, B A et fs s
BRENL . R, 2.5D/3D IC S et E T,

* %l Chiplet 15, A [FIRFREIEA S A 5SS EHER B — B, TR R RER[RIRE, MR AL o b i RERR I ok
B RBRY,

R IR PR

FERHEAE (0SAT) RIZRE

HERYIR I Rl
SaEEHA peies ORaE i < HE
(cP iflEt) (G;::::g)g/ (Bumping) (Assembly) (Fln;t;r)est / (Shipment)

BEES SR R sEH L e AR TiES /B FpeR R RfIER
EAPRT R &R YRR BB RS LB BA2.5D-3D FERIIBER R ETREHER

Source: PLEBB. T KRB



P A B 1 S e

RITHRES S| 2.5D/3D SefEdtiE

TIES ERBE =h kS 2.5D/3D #Hi&
(Wire Bond) (Flip-Chip) (Fan-out / FOCoS) (CoWosS-like)

A TR |
LﬁﬁﬁﬁJLfffZ]LTﬁTﬁJLTﬁ;ﬁJ

[ L

o FTHEEA (Wire Bond) : fabiLL 4 & Fob bR EE R, FT Ak BB, £ FRA BRI SRR A e AR BiLE
HEME T E

o BinBMEE (Flip-Chip) : dvhifliEr L& ek (ER) B2 B EL o, FRSRIRAS AL, BMERBLUE &, B m B e sk
W

o FHAEEE (Fan-out, FOCoS) : b cl MR EI BB, 518 B A AR 8 (RDL) [m /M 2R 7, RITEAR6E A i
&Il T BRI 2.5D EHERFASRE B, & B A 6 B W eEEHE S 2 FOCoS AR LT,
*  2.5D/3D E#E (CoWoS-like) : #3iEE H fi J BL HBM %5 2 JHibkr, d5imay I 8 G b & i Rl —BHE N, RiEseTt
HEE B AR S B AT AL GPU/CPU 7~ /] Bk i) Be S S 1
Source: YLEBE., 7T KRB 160




ZIREHE oS mil CP HIARE, TERERN CPU ZFTHE

2026 LEAP %éﬂ% BAEHEE, 56% BAREE, 40% BAHIR

2026 £ LEAP EIRBIE (f8%7T)

H i 2.5D/3D JEiEEHEH LLAFEE R Intel ARG, (BB AR BfEH, 6% CoWoS-S ERERMIZBNEAK 1.8 #HH E
FR, B — D475 CoWoS-S,/R & RErVEtEE, BT CoWoS-L 2+, H A JrkEEHANGRRT B,

Marvell ({{ T. AWS Trainium 3, Trainium 3 Lite) ELFEZZERH H A . CoWoS-R & #R & & i 58 B TPU INMER ATE1ES % P, LN &
TPU v8i (AVGO) 17 5 Hl 5 FE B A PRAY CoWoS-S E e,

£ N B R Nvidia H7—1X Vera CPU }2 AMD Venice CPU RUZ #ET 5, "I £ B H JEHY full process 2.5D £#4£77%¢; B At 2.5D
BIAE A ERETEME I 2026 EEER 1.8 B, /2 2027 £EENIEHEEE 40458,

EWEZEMARS T, GEEEAEET) GPU KA — A RERER CP & CoWoS %EBH oS E¥ /MG B A,

FEML B A JEAERTE FT/SLT (B BIEt Rk flel) B G2, #2027 F127HE 40% LA L,

120

NERT -
$¥;I&%§Iﬁ§ 0. 105 8%t
35 BT 35 @t
32 8%t 85 BT
|’E 80 4
26 BT #
&
~ 60
H
&
& °7 aumex
20 1
0 T pe .E
y ! 2025 2026 &4 2026/2-4 2026/7
2026484381 2026/2 %% 2026/4 #ERE 2026/7 &R wh Bha _tﬂ%/fﬁ B J:/ﬂ%

Source: SLERE, T KB 161



LEAP BWoEEMERRE, BE[E 800 5T, Upside 31%

* /AW HEHHERY Full Process LEAP (FOCoS, B H™ CoWoS-like £ 4&) THRI 1 4Q26 BAATURRE M, i rEHHIZER; B R w]
AZEHE 30% BIFEREME E#k, TR FOCoS 1A 2026 F-H k= ok 3 fE357T, 2027 FHIFA 8 528 25 3£ t,

o HEEE LEAP F5REATEN, 2026 4 LEAP 22Uk B AZHERF 35 83570, YoY +119%, #U4dEHHIE Ik 22%, TEH] FOCoS H 4Q26
BRAEE R, 2027 FEBHAG T &, 2027 4F LEAP & WA L5 2 75-80 (BT, A wlE I 22%-25%

o RENEASES] &K LEAP B TES, 1 2026/2027 4TEAE EPS 435I L7 13%/20%, [SBERIFAL L&, 1% A
FE(EFRTT=E 800 Jt, F&1 26 fiF 2027 ALK,

LEAP B (L %8 BES, 7R LE) MBRRIER ( 5 SRR THYIEH)

Rev (USSmn 2023 2024 2025 2026E 2027E
Leading edge adv packaging 250 550 1,200 2,720 5,971
e ol (v05r) | 2025 | 2025 | 2027 | z00se |
CoWoS 350 925 2,417 5,639

- TSMC's outsourced WoS 311 886 2,008 3119 —ESIVPN 645,388 839,777 1,056,828 1,308,122
Units @ B A ) 432 923 1,165 1,529
Unit service revenue (USSA ) 60 80 150 170 LKA |
-CoWoS S outsourcing (kwpm, & B /8 ) 14 15 10 10 Ei%%J 114,193 179,375 260,147 343,944
- Units per interposer (@ /& ) 30 30 30 30 Yok e =
-CoWosS L outsourcing (kwpm, 8 & /2 ) 32 87 137 =z \$Um1 501756 101:302 169;778 232;757
- Units per interposer (8 /8 ) 15 10 9
- ASE's own CoWoS 39 39 320 2,520 EPS 9.3 19.0 30.0 40.8
Units (kwpm) 0.5 0.5 4.1 30
Unitrevenue (US$ 6,500 6500 6,500 7,000 FEFZy 177 21.4 24.6 26.3
Testing 50 400
LEAP & testing revenue (USSmn 600 1,600 P4 32320,
YoY 140% 167% 129% 104% = ﬁj"‘A’ 7.9 12.1 16.1 17.8
% of IC ATM sales 2% 6% 13% 22% 34%
% of whole company's sales 1% 3% 8% 14% 22%

Source: YLEEE, 7T KEEE. UBS, MS, JPM 162




s E L) $t %5 T

% Revision vs prior
2024 2025 2026E 2027E 2028E| 2026E 2027E 2028E| 2025-2028
ASE LEAP and Test revenues (US$mn) 601 1,606 3,859 8,110 11,866 1% 5% 7% 95%
Growth (yy) 167%  140%  110% 6%
Packaging 501 1,237 2885 6,344 9,232 0% 3% 7% 95%
Growth (y-y) 147% 133% 120% 46%
43%  52%
(== -
11 : *;E 12 1@ ﬁ }E{Ez&ﬁtb oS 81 697 2019 3809 5437 % 6% 13% 98%
Growth fy-y) 762%  190% 89% 43%
Tatyi:] — 5 heud Total Al accelerator units {using CoWoS) 74 10.1 16.3 252 30.9 6 %6 15%
P& - E(Egﬂ]) i ANfREE - 1D(E§[ﬂ) 0$ Content ($) $130  $150  $165  $178  $196 % 2% 2%
900 9% outsourced from TSMC 8% 46% 75% 85% 90% Obps Obps Obps
800 32X Full Stack 2.5D / CoWoS 70 140 416 2040 3,250 6 03 0% 185%
Growth 100%  197%  390% 59%
700  27x ot tyy)
wafer shipment (K wafers per year) 10 20 65 300 500 6 (0] 0%
600 mzzx ASP per wafer ($) 7000 7000 6400 6800 6500 3 % 0%
500 a
I 17x Others 350 400 450 495 545 % o6 0%
400
1 1 2 X Testing revenue 100 369 974 1,766 2,635 3% % 6% 93%
300 Growth y-y) 269%  164% 81% 49%
200 2 2
e AT Aot *\,.,v—"’ Average Tester Capacity 23,181 27,379 33,097 41292 49,067, 3% 9% 3%
100 W % of teserters used for advanced testing 5% 14% 27% 35% 42% Obps Obps Obps
0 Testers for adavanced testing 1,153 3,833 9,069 14452 20,608 3% 4% 3%
Total testing utilisation B80% 85% 87% 90% 88% Obps  200bps Obps
Jul-21 Jul-22 Jul-23 Jul-24 Jul-25 Jul-26 Total utilised testers 927 3,258 7,890 13,007 18135 £ 6% 3%
Growth {y-y) 251%  142% 65% 39%
Blended ASP ($ per tester) 107,847 113,235 123,431 135,774 145,278 96 9% 3%
2024 2025 2026E 2027E 2028E | crangetyy) 5% 9% 10% 7%
ATM ex LEAP 9,540 10,898 13,030 15,264 17,007 |icapbreakdown%
Packaging 83% 77% 75% 78% 78%
o) 0, 0, o)
yoy 14A, ZOA’ 17/0 11/0 oS 13% 43% 52% 47% 46%
. i o 0 P o
Packaging ex LEAP 7,963 8,957 10,736 12,569 13,908 FO‘:L' steEKine ;;; 2?; z; 22; Z;:
ers
yoy 12% 20% 17% 11% Testing 17% 23% 25% 22% 22%
Test ex LEAP Test 1,578 1,941 2,294 2,695 3,098 |vs.icam
ASE IC ATM revenue (USSmn) 10,141 12,504 16,885 23,374 28,873
yoy 23% 18% 17% 15% |Revenuegrowth ex LEAP 1 20% 176 11%
LEAP % of total ATM 6% 13% 23% 35% 41%

Source: JPM. BLEFREE 163
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AT

o BURAOLR 1984 4, & B B LIRIEE i RLERL, 2 ShARARES 1C JIEK, BB o, mbcEkE, YREE 1, TR R 2 K
HEJLFE. LED, $EEEM & AR d) Bilal 42, TR AL ANKER | ke B R,

o BURARE RIS, ) REREER S FE, SRR B o A,

o ATS ERHNREGE S A BEE. LR Flex SERALERG, BURA e mif5 318 60%,

*  Semi/Photo 5% P iiZ Al GPU &b %% 7 (SLT hi48) Kot @ sAEE Ik (Burn-in JGEH% 5

o [FIZERISHE % Advantest, Teradyne (- EF3HIEER () &), 582 (LCM RaillEx s ) .

BRSO AR BORAI R Al BRI RRR

m Test Equipment & Automatic Testing (ATS) m Semicon./Photonic Test Solutions Al & Advanced Packaging Test Ecosystem
B Tumkey Sohutions Service & Others 2023-2024 2024-2025 2026-2027 2028~
Sales from Overseas Operations& Related Sub MAS 8 9 Ir JRLLIIN,
u Other Subsidiaries - H ég
" 4 T
100% \GPU TDP: 700W 1000 - 1400W 1800 — 3600W >5000W /
90% Y
80% FT & SLT Test Systems
70% i
60% .
=] I
40% s ‘__::,: 9" I:_‘
" ; &8
30% gt S 0 “bf' Hei J
20% Advanced Package FT Test Hander High Density Testing Platform
10% :Jln(l-H -3200-HD
0%

3Q24 4Q24 1Q25 2Q25 3Q25 4Q25 1Q26 2Q26

Source: TLREE




FHEE AR ( ATE) 2

TR Be il 57 -

*  CP(Chip Probing) : fE&m [BIEIEIRT, FEEEF + Tester BEHIEAENE, HIFRAE die, BT R, HAER(H% Prober+ Tester, =22
JiipE Advantest, Teradyne %%,

*  FT(Final Test) : 5 #£#% % DC/AC K DReHIEK, Mefrdh A TEARYERR T LIEIER, i {H#H G2 Tester+ Handler (57 884%) , 75 2L meh& i
&, FF(E OSAT 5 IDM 14 B 7 R 52 ik

*  Burn-in (FARE/ZALHIE) #8448 7 E# Burn-in Oven, 7E -40°C~150°C, IW~1500W R [ Zh MG {508 A Ak, LIATRH] S 244
fte AIVHPC & ZhAEdL 7 Burn-in B8l AR ST HH FL AN,

*  SLT(System Level Test) : {EHET B SR ACER R I HUskfs /A0S, sRFHShpe BLAEARME, JIBNRFRTE FT 09 20-30 1%, AI&E A THIBNZ 5 &
o Beliiki A & SLT Handler+ Load Board & Socket+ Host (F4%) ,

FEBRBKFRRE S 2 = KRR ae i BN B

Contacté
chuck |

® SoC (65-70%) : Al & fus& K CPU -~ ASIC - GPU - DDIC ~ RF @R % - 781l 2023-2026

FIHE CAGR 3% 18% - #E &S - Advantest - Teradyne * Cohu /3B #E - Handler

o JZUR/ABITH(Linear and Discrete ; 5-10%) : ;& PMIC - IGBT - MOSFET % - f&81& Tester ngfgt el
2023-2026 FIHE CAGR EZE 9% - #HEWIK - K]l - ERSZZRIEEECHELHBEKS - i

Load Board

o iiEE&(Memory ; 15-20%) : /it DRAM - NAND Z 21882 . Jafh 2023-2026 FE & BEEEEN st Head

CAGR iZ 10% - M35 1/JH Advantest - Teradyne £1& -

Interface AT A

Source : XXX



o A HEAARR PR SLT Buisi

*  Rubin & /7 THFEEE 1.8~2.3kw (% Blackwell B200 ) 1.3-1.6 %), #%8) SLT G A E HEGR T, Af E B BR T, 0 G
ARSIk, BB IR ERY 1-2 4,

o 2.5D/3D JeEEHE T, BAE AR e g IR REOR R EHEE, KRR E g E— PRI,

e  JAHfL Rubin 241 SLT #% TAM 5k Blackwell 5 1 fi%, ASP #7% Blackwell B200 4 1.3 %,

e AMD MI400 ;2% (TDP {55 Rubin [F145) . L& HTHY CPU/LPU TR MIETE 2026 /N A1, 2027 4k E,

o 1% 2026 4F SLT 25410k YoY H +65% FIEZE +105%, 2027 4 YoY +63%, 2026 4F & ERHEE I 26%.

2026 £F SLT & F &5 FiRA Rubin TDP $#&FE 2.3kw, WEIHRAREF REEFREEA
Hopper Blackwell Blackwell/Ultra Rubin Rubin Ultra
Nvidia GPU — __ = —
Architecture ; | | 5-_,.
CPU+GP.U GH100 GH200 GB100/GB200 GB200/GB300 GB300/VR200 VR300
Superchip
B100/
GPU H100 H200 58200 B300 R200 R300
GPU Power
Consumption 400W 700W 1000W 1400W 2300w 4200-4500W
(TDP)
Testing Time 0.8x 1x 1.5x 2x 2.5x 4x

Source: JTT KB




Al fRIIRESEIRE HVDC #7E) ATS iR

o Al fAIRAFEIRZEHENEEHT 48V i) 400/800V HVDC, HEAEIIFEZLM 200kW, A7) PSU, Power shelf, BBU, DC/DC
converter 25 75 5 FO TR ER 55 oK BT M 5 THiR i

o EUSETZEBEIRAUENREAEE., R Flex i R 60%, TEHITERE FIRIFEARE HIEE T, 2026/2027 4F ATS 4
I YoY 93%/31%.

o [EAI &R LR E B E I IEF R UL HVDC B 2T T, BIRHIEE RGP Capex FLE A LRHEIE N,

HVDC R TBOX power testing RIERHF %IE%Q NV B FLBCR R 2T S0 LT

Al Server Power Test Solutions

Power Supply Unit (PSU) Battery Backups kW m Power
e Q 1,200
— = p:
T
N 1,000 +
Power Shelf “"N Battery Backup Unit On-board DC-DC Converter 1.000
Al Server
2 ) 800
Regenerative Grid Simulator DC Electronic Load Power Conversion Device ATS Bidirectional DC Source
® ~N [
S 600
@ - I~
E 400
==
= = | i
= R S p— 200 +
~§ i ; I~ 200 120 150
S— 40
Model 61800-HF Model 63245A Model 62000D-HL Series -
« Power rating: 360kVA « Power rating: 45kW @I19UH _J i « High range: 2000V/480A/360kW ]
+ Voltage rating: 460VLN + Rating: 1200V/1680A * Low range: 650V/1440A/360kW o e X
* Parallel Capability: + Parallel capability: Model 8000 ATS * High power system: up to 1.8MW HULJ?‘"" Blackwell Ultra ubin Rubin Ultra
Up to 10 units, 3.6MVA Up to 60 units, 2.7MW + Up to S00kW
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SeEEt el B #PE) Metrology A& E CPO Burn-in ¥175R

Source: TR, AT &R

%M Metrology % fifi (Probe Mark & & &R
B 2025 FBIARE A G E T EL OSAT By
Bk CoWoS FERR, I EH A Sott B AL IR
AL, S, B, PREVE B SE S,

ALl 2026/27 - CoWoS B REAEIEHT 100%/44%
, HERY Metrology ZEBFEIE 150% LUk, WAE
2H27 BAAAA CoPoS 799X A& i T R TE,
NEITEHA 2H26 BAREHEE Insertion 40 CPO
Tester, #M[AIZE 40 FormFactor Insertion 1 HJESIX
B R B AR,

B 58721 13 JIEAHE S IE(E Insertion 3 FUR
B A P

Transceiver % 1 H Bz . 2£5& Laser Diode &
FEREIRTE, LUK E i BUSAE 800G HEER] 1.6T,
HREICELA R Burn-in HIBAFESRAE 2026 FFEIE R
, 2027 A AT LR 30%.

CPO Test Solutions

BOER 2H26 HHEE 2 insertion 4 CPO tester

Photonics IC EPIC Wafer/Die Light Engine
(PIC) (EIC+PIC) (Optical Engine)
= P
=
INS1 Test INS2 Test L INS3 Test INS4o0 Test & INS4eo Test )
Light Engine & CPO Automation Test Solution v
il j I INS4o Test ® ® N
‘ww—m A
‘::\ ,{ m == ;.
—a i o
58721 Light Engine O/E Test 58711 CPO Switch Module Test 58604-HS LD Burn-in System
* Loopback BER * Automatic optical connection « Up to 2,688 chisys
* Optical characterization * In-situ calibration and cleaning « Up to 1A/4V per-ch
K « In-situ calibration and cleaning « Insertion loss test - Spike free /
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CPO & SLT /23583, BAE{E 2400 JT, Upside 22%

o FEfl 2026 FEEIK YoY +89%, 3‘5%?‘?2%)% 1) AT {7 iR 25 B TR 5 R AvdEh ATS 27525 Ik YoY +103%;2) TEHA SLT
CPU/GPU 7 /it B EA Burn in 5% 2 2H26 FHEFENIA T KK, £ Semi & Photo 75 YoY +122%,

o TEHI 2027 W EHE YoY +47%, EPS #E| 65.7 56, £ HBEA &) Hedm B CERAH B AL AOMIRFE SR E) SLT TAM i
K. CPO tester } Metrology ¥ A& EH W], L& HVDC B3R T BRI =K,

o LDL2028 4 EPS %KFE, HRAIBEERZE 26 A, RATAMEHEF 4 1) CPO & CoPoS & AEAL E A SR i fr & ik
AR SR 5 2) d B rack DHAERRTHAFBhIEAERAG 5K, 46 7 HAR(H 2,400 Jt, 2028 EAZEH 32 £%,

W3R (4 REFTHIEM)

SZEWRA 28,311 53,466 75492 86,133
=ER 17425 32,973 47,958 55,034

2600

2200

1800

1400

27035 9,198 21,264 33152 38427
EPS (5%) 276 438 657 754
o o EFIE % 615 617 635 639
00 | 2% % 32,5 398 439 447

Jan-19 Feb-21 Jan-23 Feb-25
Jan-20 Feb-22 Jan-24 Jan-26

Source: T KEEE. UBS. MS. JPM 170
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R4/ ]y

(GLZEISE S

o
UERSAFIRCRS 1995 1F, S5 S DU -mmm

AR R 2 £, — REHORRER, tE & BE)

\ 13,371 22,838 48,697 86,667
LRl MR85 R, L EAREHF 2 K03

5. AERIRIES R RE , FE S| TP | RE | O | S
IERERE T R HE4 S =, R BERAEIE . BBR R B 3775 8427 19438 36,954
PRELF LIRS, ] 3,179 7,054 15,802 29,861

EBHLEE (2025 £F) EN\FBRER=R

2% 6,000 70%

60%

—— e

2Q24 3024 424 1Q25 2Q25 3Q25 4Q25 1Q26 2Q26

m Probe Card ® Equipment Other S = T R E  —e—EFE

BRRIR I B



CSP BEAXZ HAHE L& + CoWoS i EIGIMEREME) Al FR

« fR{E Morgan Stanley FFEIBHE TG A RIRFRIEE 2K CSP E AR HAVTAHN], #3857 CSP 1+
2027 FHIE ARSI TR 2026 FAIBIBLE RS LEBEE 73%, ST AEfE R CSP R E HiK
HOHARE, FM AT LAFE L HERT TH S R AL S5 R B 5.0, (H21E i%ﬁiiﬂjéﬁthfﬂﬂ)ﬁﬁ KE oy e
FEREEEER (BIR. B, WA, L) UK GEIREERY S, S B SRAIFT LR CoWoS #EH =,

«  CoWoS ¥ F E‘% 2025-2027 F-FHFHLL CAGR 99% #E TR R, W H AR REFRIIEEEE, Rx CSP AR H]
E%f%’faaﬁi ltth}i?ﬁ%%éﬁ Wafer Probing U5 K, E MAFEIEREFAFIE TAM,

CoWoS # i Bl M ERIFRE LB R ERR

$1400.0 3,000

$1200.0 2
2.000 CAGR = 99%
$1000.0 !
1,500
$800.0

$600.0

$400.0

1,000
0 Is‘— - — H- _____ ! e

2025 2026E 2027E
$200.0
N EEEEE H NVIDIA M Broadcom uAMD
$0.0 o W AMD (Xillinx) W MediaTek B AWS (Annapurna) B AWS (Aichip)
CY27 Capex Beginning of CY27 Capex Pre-2Q Current CY27 CAPEX
2026 Earnings | Marvell mGUC m Cisco m Others

BEBRIR : iE B . Morgan Stanley



FEGLLE A SRR BB RS SRR R R R 5 B

SeES LR B — (B BT HE BEAT AR MRS RO E R, e oE ¥ 112G/224G SerDes gt 7 8K AR, A
PR i in A 1R s I BHPTEE K, [RIRF micro bump PUR G RS R AU /) A m 2k, [KIE
EHA PRSIt ps ) E T 288 A T Bk,

A B Y pin count HULHETHEEET A A BOE FIERAE 10-20k HETTZE 40-50k, AZKH:ZE AIRER] 1001<
T BRSO R AR BLET FISBOOK 2 BURRMERAR, TAEE TR AR HEE #iRsh AR E Ik, e
A B BRI

mm 1 5 i Y BRI e SR R B FH B R B el i A B B T 2RO A4 R, (L ZE IR E  fine pitch HYTE K
AT 7E A P BUAS EEE B e B RIS R & B — MRS R pE Y know-how,

e fT TDP PROERR R H B ERER HTH#% Eidk A ERmAY pin count BB R EE

1,400,000 80,000

1,200,000 70,000
1,000,000 el

50,000

800,000
40,000

600,000
3000 30,000

400,000 TS
2000

200,000 . 10,000
) I I I O O

opper Blackwell BIkII Rubin  Rubin Ultra Feynrr

Ampere Hoppe Blackwell BJ k ell Rubin  Rubin Ultra Feynm
mmm 55 F£{S{§ ==@=Pin count

BkARIE : Nomura, Morgan Stanley‘ KGI 174




CRYAKBEE R ASIC 5T, EB BIATIE LR KRKEAZ HE=

- HEWERIRFEEER FafE AWS B9 Trainium R 415 Google #) TPU %41, UL HftAY#E 8 EL 5 DDIC
B2, [FIRFE W EFERLIERBERe F i E bR E =, KRR EAEMFTOUA, B FRMNERAIE
W7 PIr B in house BE /7 BLIEEIZ 1 2 Sk & SR IEXE AR BEESS CPU SMRET B AR,

o RIBAFIRRIE, = AT RO &5 E R 2026 FEE] VPC/MEMS A & #E 2mn/3.5mn, 2027 FEE
VPC/MEMS A EBE 2mn+/6mn+, H 28 IR BAHURZ E BB S E BRIRR ST, TAIZ AT iy
Patimii TR 2%, it —2 BE, REMTRNG i 49581, T 2027 45 MEMS £ 82540 A8 S0 iR 2
PEUT 8-10mn, R 2 e AR B BRI, (E29REE 01E%4 ASIC iSFE R Cross Check,

ERY B A KIS BIE % RBI e < TRAS

4

TRN & TPU RF|FEHHEE (CoWoS implied)

ATI4EEE A BEREIES] | 2026E VPC/MEMS | 2027E VPC/MEMS o 8.168
8.000

NERY & HE 2mn/3.5mn 2mn+/6mn-+ g 7000
4o 6.000
BofA 2mn/3.5mn 2mn+/6mn+ o 000
L 4.080
Citi 2mn/3.5mn 2mn+/6mn+ e
= 3.000 2.380
Goldman Sachs 2mn/5mn 2mn+/8mn #2000 _1'700 ; i
1.000
Morgan Stanley 2mn/3.5mn 2.5mn/8-10mn 0.000 |
2026 2027
Nomura 2mn/3.5mn 2.5mn/7.5mn i
mTPU Trainium

BRIRIR  FE B . BofA, Citi, Goldman Sachs, Morgan Stanley, Nomura



BEER THIFTERE R R B/B ratio F{Li% & v]{5 B

o RBIEWEEERH, AF4E LR B/B Ratio #AUKHHERF(E 1 LAL, I H.5T 5 AE L EEIE IR S0
—fEZFEESET = 9 i H, B/B ratio KR 1, REHTIEET B FEHHE ;% F 0P e &/ aE, J
et s — B ERRRE, & FRRETAN . ESHERF AR, AT R 2 RTEBR 223 7] el Y 2 sefioR

>
>

HEF T:%f’fééﬁ;%%o
o BIRIEWAKAEES, 1026 KA ME QoQ 44%, YoY 58%, & _ZA A EEHEMR R, [ARIT w

ERlIEES- RINUR ST ﬁﬁiﬁkﬁ (MEMS £REH-F 2211702 8-16 JH), Itﬂf/\ﬁi#ﬁﬁ%?}iﬂﬂ%fﬂﬂi WER

AR L,
R AR ARG E Bt E S E

6,000,000 70%
5,000,000

4,000,000

,,,,, SRR —

,,,,, 5
3
3,000,000
30%
2,000,000
20%
1,000,000 o
0 0%

1024 2Q24 3Q24 4Q24 1Q25 2Q25 3Q25 4Q25 1Q26 2Q26

—_— = - - SN EELEHEWLS

BEIRIR : IE 7 . Nomura 176




SeESRIREEE) CPO EXRE

o BERIBIEHEZME 112G/ lane FHELE] 448G/lane, (B0 AT faHiAsAE € [K] 2 s AR A SR R B 5 1 1 = 8 S,
Eh e — 0 BB AR L A PR PO AN 7F S s KR DSP 2k fififE, [FIIRF switch ASIC bandwidth
WAEREEL R, KBS A T8k, BHoL ports B IEHHERS, 1 T At Al T i A A4 Bl B R IR O BV BIL(E
%5, PHEAREEL ASIC Jh[R]) B AR R —#bk b2 i EirIfigis,

o CPO ZEHEHEE Bm AL, TR B = i B AV B o A (BB 2R, SEREE IR & TR 2
M, ] st B A B RR A RO B (2 Y testing methodology 7E fe FHRORE I N FELRAR/INEY test escape 5 12 1
—EARBEEE . CPO A JE P AR AR O R SH,

AR CPO #54H LB CPO #E4H B SR

100% 93.97%

Traditional Pluggable: 30W DSP:20W  Laser: 10W
Externally
asic DsP o) 1.6Tb/s
I Transceiver
Port
Cage External Optical Transceiver

Traditional Pluggable Switch

Co-Packaged Optics: 9W
Optical engine 7W
| SwitchASIC piai,

Substrate

1.6Tb/s

PCB

NVIDIA Co-Packaged Silicon Photonics

BRRIR : . 177



https://developer.nvidia.com/blog/scaling-ai-factories-with-co-packaged-optics-for-better-power-efficiency/?utm_source=chatgpt.com

IERYFE PA B2 AST SUSRBHES4F, EREEHEEIA CPO HRARIEES

o HERYHY PA B RANRE LED, PD, LD 5562504, V8 KonfEalllEk, f A EHGE, 55— i AST SAFE
TAREIBRHI, RFma sl B0, BROEEPEHEEEEEy, B E 2020 AEREAY LA TS3000 SiPH i Probe
System, {#Z 0-0. E-O, O-E. E-E mHIELE , FE5 BN S HAT, 20458 TS3000-DS GE# 3<% INS2
) i (B % e R0 B 7S sl G E L, K88 grating/edging coupling,

«  1E INS3 B4y, REWY i €& 1E 4Q26 /NEAZ(T die-to-die prober, EE #¥#} singulated OF #E1THHIEK, & B
JETEHA CPO % fa I m R T 2027 FEFREE B 5-10% AUAFELE,

o fEE¥M, BRIAESR COUPE FEf, 7% fabless A FIMAE#E R H CLWY CPO roadmap, 7E kil A% HETR 4
FOTE L T, BT i 2 B TR & A T R AOMRRER I 7oK, SR a8 1E  10% 5T,

HEAY BB B e PR AS =R EBYENATISE MoU JE[FBIEE TAITS

4,500

ey Y Az,
s - 2 | sebien | TS ETAE

3,500
000 Thermal ERY Prfg?;er‘?ﬁ\”g;fg{ " Test Execution Layer
0 solution & {& SR
s =55 B
e i 325 E"i Lichti PIC. measurement Photonics domain/test
100 Fr TDP FEh lehtium know-how methodology
o SHIEL,
500
. i i . Test
0 ’ . . Physics-aware .. L
1026 2Q26 30Q26E 4Q26E 1Q27E 2Q27E 3Q27E 4Q27E 1Q28E 2Q28E 3Q28E 4Q28E AXIOIIlatIC AI reasonin AI deClSlOn/Optllelng
WPA+AST WTS £ layer

BEIRIR : IE 7 . Nomura 178




B S B B TR

o WERY Z BRI FERERAEIBL ASP UL T 3R 2k i, FEREREX I, 26 FF Epeiik i LUE Bl N84 &
, 27 “FE RedE IR HII L Morgan Stanley FUTAMI 22278, [RIRFR I8 5l & EE7R TPU/Trn 7£ CoWoS R T
BfE4 27 4F 816/238 #HEM) shipment, & & FIFT A CoWoS & RE_HETE I BLEEE LR IER Y ASIC
5, N s A SE PR A 22, IR PEERAMTER 2 i i i sk R LA SCHEE. Y e e HAL T

o 1E CPO &M b, FfMilaA (8RB (E5RE, S hEE T HMEHE CPO fHEH R i KUk & IR
a%, B {EEFRIEGE 1Q27, ERIEIEE A 4Q26 BtAHIE INS3 By TREHE, [ FAMRRA G HARRS
RERIESTE 1Q27, 1% 2Q27 #1#f INS2 IR, LI 1Q28 & CPO 3% i 4= R HIR il &,

FERY PR+ AH BRER AR

MPI (6223.TWO) — Quarterly Operating Model

NT$mn, except per-pin and capacity Unit 1Q26 2Q26 3Q26E 4Q26E 1Q27E 2Q27E 3Q27E 4Q27E 1Q28E 2Q28E 3Q28E 4Q28E
Capacity & Pricing Drivers

VPC quarter-end capacity mn pins/month 1.138 1.500 1.800 2.000 2.049 2.199 2.350 2.500 2.625 2.750 2.875 3.000
MEMS quarter-end capacity mn pins/month 1.182 2.500 2.500 3.500 4.875 6.250 7.625 9.000 9.750 10.500 11.250 12.000
VPC ASP NT$/pin NT$356 NT$356 NT$356 NT$356 NT$356 NT$356 NT$356 NT$356 NT$356 NT$356 NT$356 NT$356
MEMS ASP NT$/pin NT$390 NT$390 NT$390 NT$390 NT$429 NT$429 NT$429 NT$429 NT$472 NT$472 NT$472 NT$472
Revenue recognition lag quarters 1 1 1 1 1 1 1 1 1 1 1 1
Note: Z#E#REI2£%E Morgan Stanley FRAEER ZER - WERTRR 28 FRERE - £#FTENERML LRICEBRR - €5 EHEESE - 2% Daiwa MBI RAERT MEMS Fit ASP SiR#H4) USD 13415 - BRI AL R
RORRMEET S EEEN - EULIRER 26/27/28 F£&1REH ASP /3 NTD $390/420/450 7T - EEWERGH - RRFHFFHOZHBR 12 B - AbS—FENS WL E E—FE0ERE -

BRARIR  FE B . Morgan Stanley, Daiwa 179




B S B B TR

ERYBRABEAEBIRER (ST R TFBIEA )

Revenue Growth (QoQ)

CPC % -43% 94% 11% 12% 5% 5% 5% -10% 0% 0% 0% 0%
VPC % -18% 38% -17% 20% 1% 2% % % 6% 5% 5% 5%
MEMS % 153% 60% 141% 0% 54% 39% 28% 22% 30% 8% 8% 7%
Membrane % 3% 33% 10% 10% 5% 25% 25% 0% 5% 5% 5% 0%
Probe Card % 2% 51% 38% 8% 32% 25% 21% 16% 23% % 7% 6%
PA+AST % 82% 0% 0% 0% 5% 10% 15% 15% 20% 25% 25% 15%
TS % -1% 0% 0% 0% 15% 15% 20% 20% 10% 10% 10% 10%
Equipment % 66% 0% 0% 0% 6% 11% 16% 16% 19% 23% 24% 15%
Other % -85% 0% 0% 0% 0% 5% 5% 5% -5% 5% 5% -5%
Total % 3% 33% 28% 6% 27% 23% 20% 16% 23% 9% 9% 8%

R ZEHLE

Revenue

CPC revenue NTSmn 298.9 580.0 643.8 721.1 757.1 795.0 834.7 751.2 751.2 751.2 751.2 751.2
VPC revenue NTS$mn 1,399.3 1,936.9 1,602.0 1,922.4 2,136.0 2,188.0 2,348.7 2,509.3 2,670.0 2,803.5 2,937.0 3,070.5
MEMS revenue NTSmn 760.0 1,216.0 2,925.0 2,925.0 4,504.5 6,274.1 8,043.8 9,813.4 12,741.3 13,803.1 14,864.9 15,926.6
Membrane revenue NTSmn 78.7 104.7 115.1 126.7 133.0 166.2 207.8 207.8 218.2 229.1 2406 2406
Probe Card revenue NT$mn 2,536.8 3,837.5 5,285.9 5,695.1 7,530.6 9,423.3 11,434.9 13,281.7 16,380.7 17,586.9 18,793.6 19,988.9
PA+AST NTS$mn 1,202 1,202 1,202 1,202 1,262 1,388 1,596 1,836 2,203 2,754 3,442 3,958
TS NTS$Smn 129.8 129.8 129.8 129.8 149 172 206 247 272 299 329 362
Equipment Revenue NT$mn 1,331.6 1,331.6 1,331.6 1,331.6 1,411.1 1,559.7 1,802.2 2,082.8 2,474.7 3,052.6 3,770.9 4,320.1
Other revenue NTSmn 64.7 64.7 64.7 64.7 64.7 67.9 71.3 74.9 711 74.7 78.4 74.5
Total revenue NT$mn 3,933.1 5,233.8 6,682.2 7,091.4 9,006.4 11,050.9 13,308.5 15,439.5 18,926.6 20,714.2 22,642.9 24,383.5

BRARIR  FE B . Morgan Stanley, Daiwa
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NT$mn, except per-share Unit 2026E 2027E 2028E
CPC revenue NT$mn 2,243.8 3,138.0 3,005.0
VPC revenue NT$mn 6,860.5 9,182.0 11,481.0
MEMS revenue NT$mn 7,826.0 28,635.8 57,335.9
Membrane revenue NT$mn 425.1" 714.8" 928.4
Probe Card revenue NT$mn 17,355.4 41,670.6 72,750.2
Equipment revenue NT$mn 5,326.2 6,855.8 13,618.2
Other revenue NT$mn 258.8 278.8 298.8
Total revenue NT$Smn 22,940.4 48,805.2 86,667.2
Gross profit NT$mn 13,8314 30,977.8 56,557.8
Gross margin % 0.6 0.6 0.7
OPEX NTS$mn 5,339.1" 11,470.4" 19,603.7
Operating profit NT$mn 8,492.3 19,507.4 36,954.1
Operating margin % 0.4 0.4 0.4
Non-operating income NT$mn 380.0 280.0 280.0
Profit before tax NT$mn 8,872.3 19,787.4 37,234.1
Tax expense NT$Smn 1,748.5 3,905.3 7,348.7
Net income, continuing ops NT$mn 7,123.8 15,882.1 29,885.4
Extraordinary item NT$mn (17.5) (24.3) (24.3)
Reported net income NT$mn 7,106.3 15,857.8 29,861.2
Basic shares mn 94.8 94.8 94.8
EPS NT$ 74.9 167.2 314.8
EPS vs MS NT$ 10.6 171 (4.7)

BERIR FE B . Morgan Stanley, Daiwa
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FERY Rt & Wi 3 FERY B fi B ok 55

25,000.0 250% 5,000.0 160%
4,500.0

140%

20,000.0 200% 4,000.0
120%
3,500.0 g
15,000.0 150% 3,000.0 100%
2,500.0 80%
10,000.0 100% 2,000.0 &
1,500.0
40%
5,000.0 50% 1,000.0
I I 500.0 20%
- 0% 0%
o 6 © &
o 9 g0 &8
3 RS

© & A & & K & & & & O KK & & & &
% (G G\ GRS\ G\ SRR\ .- . . G A AN AN A O )
o 2% &° & & & & & & & & ¥ & & & & & & & &
WA O O O O LY O O L LN NS QIS LIRS SN N IS LN
= Probe Card revenue e Probe Card Revenue Growth (YoY) N Equipment Revenue = Equipment Revenue Growth (YoY)
R EE REfR AR S RS F e 2 AR B
100 180%
= 12 90 160%
-4
" e 140%
L 10 70
: 120%
8 60
a 100%
o 50
B 6 0 80%
iz o
/ 4 30 60%
40%
20
B 2
atl RN °p | >
0 0 0%
1Q26 2Q26 3Q26E4Q26E1Q27E2Q27E3Q27E 4Q27E 1Q28E 2Q28E 3Q28E 4Q28E 1026 2026 3Q26E4Q26E1Q27E2Q27E3Q27E4Q27E 1028E 2Q28E 3Q28E4Q28E

EHVPC ®MEMS B FPS e EPS Growth (YoY)




Y S B B R 2 BUBME AT

o HNFTER, R Daiwa BUFH A, TREFREY ASP & —1{# range fERY, [KEAM R ARG SR, 48— FE
BE THBRER S ERE 10%, 5 — Uil £ bR L. & e O —IREHEIR 209 ASP &%),
LI 2 FEVERE 26 AR R PTTS2IRY EPS, 55 _fE1H W HILL Daiwa Channel Check 28T H#EATHEAS, WAE
% base case, 1A fEF L HI /& Daiwa Channel Check 29 F (7 85 B im A2 sk 1 TR HER, W55 A1 % Base
case 1T EPS HULL %,

IERY BRE-FHE BB AR

MPI (6223.TWO) — MEMS ASP Sensitivity

MEMS ASP case 2026 ASP 2027 ASP 2028 ASP 2026 EPS 2027 EPS 2028 EPS A26 vs Base  A27 vs Base A28 vs Base
"NT$260 NT$260 NT$286 NT$315 59.80 114.42 231.43 -14.58 -55.69 -124 .48
NT$390 NT$390 NT$429 NT$472 74.37 170.11 355.91 0.00 0.00 0.00
NT$420 NT$420 NT$462 NT$508 77.74 182.97 384.63 3.36 12.85 28.73
NT$450 NT$450 NT$495 NT$545 81.10 195.82 413.36 6.73 25.70 57.45
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