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— =

FAF

—.

ok

+ Z7|(Long-term): 3.2 Tbps 2 6.4 Tbpsg AZ|l& EEYHA PIC(Photonic Integrated Circuit)2t

EIC(Electronic Integrated Circuit)7 2=l 21 4A CPO A|AH 2=

Ol2fst ZEMO|| T2} Broadcom2t NVIDIAE thest 2 AAIE EOf, 7| 38 AAE Ao & Ue=
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CPO 732 M= A2l ZEYA(Silicon Photonics, SiPh) 7|gte
Specific Integrated Circuit) = A2|z| 20| Oj 285t H2|o|AM ZE
ZAlE CPO2| 42 284 e 71 2P0 e L|C}

o| &sk Aot 15 ASIC(Application
|OOF BFL|CH. O] 2tHOoj|A UisH= HH

+ Die-to-Die X Die-to-Substrate A& 22}: 2 5D I{7| 2 2 RO0f|M QIE{ZE X (Interposer) 2|0 IS BI|E O,

28t =3 EE(Optical I/0 port)2| 2|7} LE=0[E{(nm) E¢|2 O{RY 22 & &4 (Optical Loss)0| 2243
S/teHCL 55| 4= (Optical Flber)flf el QojHe FF, Ee gof iRl MY| F 2o YFE J|IE
S| 7Y 2| OtO| 220 (um) THelE o 2E -2 A0E 2+ L

- Hybrid Bonding =10 w2 A3 vho|= AFS: XIMIC) CPO 7|&0| HBMA4R} DRzt7IX|2 5tolE
2¢l(Hybrid Bonding, Cu-to-Cu) 7|28 EkS A, YT (Bump)?t Q= AEHOIA T12|(Cu) THE Zte| 2!
Hgol o[FofyLct o A2 OMgr dEd Eif( isalignment)= H&E9| Vvoid(®! 37hH HMOILt
Ctef(Short)2 RE5tH, Ol= 2 dAl|l & HIEX{A S| L2l stz 2 AU

- I§71Y 3(Warpage)01| ofst dd 2 AS CIb O 7[R A7|7F HEO o2
(CTE) 2f0|2 <lsff Z[|EOo|Lt CIO|(Die)?t F0A|=
A HYE dE fIAE =2H2=2 O|EAAH A

o . —_ —
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=52 202 2AIE ¢t AL
- € 220 T L I2Z kAT (Hotspot) Y s 2902 Zo|M Ldst= oftist S} Fst Alzlo|
TSFOIM Zdst= EO| stLtel TH7|X] Lol SZ5tA ELUE. 55| g8t 22t 25 #elof| 0 A5,
FH M| Zol LE= Qs 2= Pt FLEY 9 T (Wavelength) E2|ZE(Drift) 910 LEILE S4
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Lo E A0 QIE(Thermo-eIectrlc Cooler, TEC)% 27t 32, CPO g9 %EH g;ﬁlod PEETI

H2HE 2I0] AT

. W .z M7jjo] B 2.5D/3D XS TZOIME LO| LR YoM /R FEA T (Heat Sink)2 e
Z8L|Ch DY BYAMD} O|M| I|%|(Fine Pitch) &= 27| S28 }ttstn & 23 (Thermal

Resistance)2 =0], Ij7| 2| LI 2| & HIZ S Wallsts 22| Ao 2 28| C},

M (Power Integrity, PI)

3. A& 2ZAXM(Signal Integrity, SI) 2 2 2
; EHE S0l 20| 52022 7 (2| Lo nUE SFE

[==)

24
CPOE A7|H AlE ALY 72|12 thasiof Al
23| M2 A3 Mg 2AI1E oL .
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ZAM|CH 2 1/O(CPO) 7|& S8 241 2 32f|M(CRESSEM) Q| M2t 2 gt CONFIDENTIAL

= 224G SerDes 7|=0| 420 et
1(EMI) 2 I 2AEF(Crosstalk) 247}
, AZ 2ol ZHYE AFChstY| 2/8H 2| (Shielding)

x HA

A (EMI/Crosstalk): 04 G|O|&{ X4
7t 2= 32| vjA D} 01Z2kst s Az}
A

=
Ct. IH7| 2| L2l BjMIet B S0] M= ldat A
Z
24

- Y RAHP) =EO| o|HI: T2 A2z &2t &5t AlRI0] A0 +=E O Ydst= EP—J'.%J dF

= 242 Z5H(IR Drop)Lt Y 0|2 (Power Noise)S {2+t 4= Q) of 2 =
FAIA ClIOIE & 2F2(BER, Bit Error Rate)& &0|= 21& ¢l &¢l0] FUCt.

. omcA oja(Impedance Matching)? HAUE 27 7| AMSIt & ASE B3|

Integrated Circuit)2} PIC(Photonic Integrated Circuit) AFO[Q] QIE{m|O| A0 1 Q

3%, A= grAH(Reflection)7t YO{Lt C|O|Ef £ &2-40| T2 EL T =

MO 2 QLEA 0| IH| HtE 2, A2t A2 3 L5F0|M F&=9| "*D'E

EIC(Electronic
&40 ghgt

Kt w+20f O|MIet

mr rir
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=
=
N
o
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oX O
= 2
0 >
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[my

[22f: CPO IH7|¥ 7|& HHA| H| ]

Die-to-Die O|M| 24}, 2 £&41(Optical Loss) =7t, 249 3D AOI, Hybrid
4 (Alignment) - . N
Warpage 2 =% Bonding ¥¥ 7|&
_ - Oi C2|ZE At Hs 18 Y9E 4, 39 2=
of 113 SIATHEBFAH -5 57 ! !
A 22| (Thermal) SEATH A H-Ast 3t 25 Aol s2M
_ _ BER A%, GI|O|E{ X|E{(Jitter) DRI} YULM|EHA |0,
AE /22 (SI/PI) EMI/Crosstalk, 242} 2¥5} %, GIOIE AEJitter) | uE I B 1

BAY 2t (Shielding) 7|&

H5 29 CPO 7Y 7|= HHAl Bl

CPOo| g&4¢l &=t efet 22|14, 7|4 SAHE =5 + U MY 7Y S A9

s I s =
7|=0] E4H0|H, Ol= &2 FAL Y 5 729 =32 0|0 A2 dYFLUC

’

A2Y|M(CRESSEM)Q| 7| 7|3 L CHS M2k

ZFMICH & 1/0 7|£9Q) CPO(Co-Packaged Optics)e| S22 BHE | If7| 20| I 54
AE=Z Metk|7|1 JEUC Ol= TEd| QHAHUUE HAl9| §fE ‘-"01 &5t A2 r(Photomcs) PH*EZN 29
2l(Switch Chip)& 3tLte| IH7|Z| 7|ZH(Package Substrate) L{0| E&6H0F St= 2T ]1H7| 54
27U 22| (CRESSEM)= 7|20 &2 = 1¥Y &st 7:.”
SE0A H**”OFE 7|"’H HA|IE o Zst 2tMITH ZA ZH] AlZQ

oN
<

1. CPO I{7|Y SHof|Me| 7|2 nFE &2
CPO 7|=9| slial2 &3t ARl (Optical Engine)2t 17[4 &S 22|22 02 285t Biz|st= AY ULt O
| FC-BGA ¥ 2.5D/3D 7| ZAL 7|&2 CPO IH7 | At o= &Y=

o i
ox
=2
x
|
jir-)
0z
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N H

0 40
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r
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U= st ’le4 mi L gt [EA:
FATHBMAA|CH 4 2Hof| h2 2214 CRESSEM S| ZAFE 20260509001 pdf].

E35], CPO= A2|& ZEYA(Silicon Photonics) 78| PIC(Photonic Integrated Circuit)S ALEs5tE22
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DIO

1 & CRESSEM CRSM-AI-2026



ZEMIE] & 1/0(CPO) 71 &

el
Mz
iz
Ne
]
rU
ox
e
P
m
w
w
m
é
_|l'U
»
2
0[0
o

CONFIDENTIAL

AoIM 7|=H LU T £ ABLICH
- Die-to-Die ¥ @t A2} W& AL CPO IH7|A| Lo A sk AIRIDt 17|24 22| THO| (Logic Die) 22| DI MIGH
22| 22H(Misalignment)E £45t= 7[&YLICt Ol & 422| &4 (Insertion Loss)& Z|43tot7| 2|5t T4

SE YL

« 2.5D/3D Ij7|3 £ AA}L: CPO= CoWoS(Chip on Wafer on Substrate)?t 22 1 =31HE I47| 7|=2t
AgEl= A7t wSLCH 2| 0|0] &5t Interposer L Substrate ZAF A2 S5 CPOE QIE{RH
Lie| O|M| 3|2 THE 2 TSV(Through Silicon Via) Z%S ZE5ts £2MHE A2 £ JASUCH [EH:
A 32| 4CRESSEM20260509001.pdf].

- Warpage(8!) ¥ 7123 otdd E4: 1T 30| 0|F0{2|= CPO Ti7|2| E/44, U A4 2102 Qlst
71¢e| &l(Warpage) Si42 &a2 FHE Yolist= x|YAHQ 24LCt F2He| nEYU AH|O[Z]| A|0f
713 30 Z2OIUY 7|52 HAE HEfOIME ZefSt CI0|EE &0t 34 A YS este ol 7|oE

USUIC [EX: EAHBMAAM|CHA 20| =T 2] CRESSEM L] ZAH20260509001 .pdf].

a
CPOQ| n&3st= A= e LAl 2istz 0[0{LCt, Eﬁl ZEMIE o7 (el 4l sto|Ee|= 2T (Hybrid
Bonding, Cu-to-Cu) 7| =
74
| #2|(Cu)et dAHU(Dielectric)s Y Helote YAL=2, YT O
2 2te H™ 0t 2 M| I§7|2|Q] AlE 2ZAA(Signal Integrity)g RUH<2! 4
¢ ek RADE F2I5HOF gL Tt
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« Z15|H4E 3D AOI(Automated Optical Inspection) 11&E3}: Hybrid Bonding 34 =€ A|, Cu-to-Cu
§HHO| OIM| ZH= 2 0|2 &S HESIY| I8 Sub-micron(um) & SHAEZS 721 &8t HAt LES 7HESH0L
|CH [EA: BE0M_tHdHAHBMAM S| E HA |2as 22 T84 2520260509001 . pdf].
. H|Ot2| AAHNon-Destructive Inspection) ¥k 235k 2= LHE9| O|M|Et Void(Bl &7H) 7
el nsfa= 3D X-ray(Computed Tomography) 7|&& CPO At 2iQlof| Eget= 7|82 80|
LQPLICH [ EM_AYHRHBMAM S| 2 H AL |2-58F20260509001 . pdf].
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« Deep Learning 7|8t &

LO|2} HA s +
Zgt(Defect)t 4 O]
SUO [EA: 7|8 24 &2

2
ofgELICH 3ol Al B
SHORM, NUSS HyIHoR YRD MM EBS I0HY 4
)32 M (CRESSEM)].

ESUE: YU oIS SE 2R £28 dof 2 2
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CPO 7|2 HA TS HEF HERA

1YY ZSHAE] 0|2 AlH|H 202|E 3D/X-ray H|o}D| ZAL

A4 (Alignment) 22} @ A ()] @]
ste AsH(Void/Particle) O @ iy @ iy
g 22| 4 2l(Warpage) o Yy O o A
Clojel 25 Y HAL &5 ) @ 34 O

mh
ox
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e
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Cressem -

121 3. CPO 7|& LA CHe ZafojE2lA

5. 22 ZtMIc AAF A|Ee] AIY A|Q1%(Game Changer)
CPO 7|&9| &83t= BteA| 3E AN EH| AJAQ| 7|4 2IYAHE =
AM&t2 o|0|FL|Ct FAle 'Hybrid Bonding CHES 7|23, "Al 7|8t £8 2N 22 M', J2|0 ‘I o2y
2E3 HAArkeE M 7Rl s 22 S4HeE R&DE YISfor U [EA:
EMHBMAN|CH S0 2 3 24| MICRESSEM 2| A AF20260509001.pdf].

Ched| 2TS WOHYS HH| HZALZ HO|, DAY £L(Yield)S MU= 'TlO[E| J|ue| £8 (M5}
MEW'Z ZAMUTORN, Al Bzi ZIY UM Cfx 2IHsE BAl YIS AN 4 U Ao
Mg

AZ L AALE

Al elzetol FZEAQl dt 8H HIolE M&Ee 22| StHE S55t7| st 35 I7|A[H &sHCPO,
Co-Packaged Optics) 7 A Hetdo=z  z2| H/USLICH 7|—'——|
22 H=(Pluggable) 32 =

|%|_ — — = = —
2hA0] 7121 Y B4 U TIE Yol S BIO|EMEIQ] 2% HIS(OPEX)T
Z el BAHE A7 e, 0| SHET CPO 7|=2 MU Al 7t47] L s 2203 AlZel aiy

FY=H0| 2 AYLL

CaD 21 3 A% TS CiEa 501 APELI

1. ZtMICH ZAL 7|&2] MA|A =& (Strategic R&D Roadmap)

CPO= &3t 22t(Photonics)2t Bt 212 StLtel Ti7 (2| 7|20 S§dsts 1=2| 0|F 22 (Heterogeneous
Integration) 7|53 27 &LICH T2tA 22 L2l 2 7|e 1=o0f S50k gLt

o 29U MA(Alignment) HAL E2M: M2|2 LELYA(SIPh)Q} EIC(Electronic IC) ZH2| DIM|TH & 2at5

=57 floh, 71E2] O0|A=Z0[E{um) HRIE €0 L=0[E(nm)g sid=E Alsts 2= 3D
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AOI(Automated Optical Inspection) 7|& 7i{2t0| LA QlL|Ct

+ Hybrid Bonding CH2 7|&: &% CPO IH7|AOM HIZ(Bump) Sl &EH YAlQl stojEz2|E 2% (Hybrid
Bonding)O| SCH=0f| T2}, Cu-to-Cu &2 Q| O|M| 0|2 & (Particle) & ZEHS AA|Z o ES

At 258 SHEs|{0F gLt

2. Al 7|8t 2|53 A} E2HE 1= (Smart Inspection Solution)

ottt 22 42 90, AR SE(Yield) S Z2A2=2 e & U= Al-Driven A £R42=2

- GlojE| S8 Y HEH(Root Cause Analysis): ZAt THHOIA 4YE ket ClOEIS Al Y12IZoR
24310, HBH(Fab)OILt T71Y BYO S WRAD[ETE B0 O FHS AZHsH= Clolg 24
BUBS Yulol SYHO BUICL Ol D2 48 BYOI 1O Tloistol Y

=

= T
o] 223t

- 2} (Over-kill) 2| —%-?-ﬁ Held vlge] Za 27 7IeS Sl 44X Lo|2et 24 2= Yool
TREZMN, WAt 2telo] el EFY(Tact Time)S SCh3tot HAH 2= S =0{0F FLICH

F2ld 0|0] FC-BGA L 2.5D 7|8 HAL 20k0IA ZHE 1
UELICE o|2{5t ZHS HIEI22 HBM4 X CPOZ O|0{R[= DEIIZLR| TYF[2) ZAF A|Ho| SHAl

L okaof LTt NZHAHSKEIO|H A, A4 M2}, TSMC S)EHE 403t 38 40 U5 ST 4+ U= ZEH
U= AL A|28(Customized Inspection System) &= 2= Sofl, ZAMITH Al BE=2 S5 WHOIA CHA
27tst dAL E£2 M TIEHZ MO 2| S15] oifoF & ALt
2tN 212
1. [Cpo 7| S8 L 22| 7| &4 : EXIHAA HAME ] (https://engineering-ladder tistory.com/178)
2. (3= o7 | A &t (CPO) =g e Al et 2025-2035 -

IDTechEx](https://www.idtechex.com/ko/research-report/co-packaged-optics/1019)
3.[2026.03 Cpo (ESTH7|A| &S - Ai GIO|E{MIE{Q| 2FAM|CH ZEAI | ](https://kai-search tistory.com/46)

4. [Le|de| SHAI2F B 2| Q| M2 =0, Cpo 7= =
M (https://alchonomics.com/cpo-semiconductor-optical-packaging-ai/)

Ol

5. [Co-Packaged Optics Market Size, Share and Growth Analysis](https://www.marketsandmarkets.co
m/Market-Reports/co-packaged-optics-market-28874835.html)

0. [Co Packaged Optics Market Report: Size, Growth, Trends &  Forecast
(2025-2033)] (https://www verifiedmarketresearch.com/product/co-packaged-optics-market/)

7. [Co-Packaged Optics (CPO) Market Size to Hit USD 1,055.11 Million by
2034](https://www.precedenceresearch.com/co-packaged-optics-market)

8. [Co Packaged Optics Market Size, Share | Growth Report
[2034]](https://www.fortunebusinessinsights.com/co-packaged-optics-market-117954)

9. [PDF Co-Packaged Optics (CPO) 2025-2035: Technologies, Market, and
Forecasts](http://www.sbdi.co.kr/email/2024/20240826/sample/IDTechExCoPackagedOpticsCPO.pdf)
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10. [PDF IDTechEx
Report] (http://www sbdi.co.kr/email/2026/20260526/sample/IDTechExCoPackagedOpticsCPO2.pdf)

11. [PDF Co-Packaged Optics Gain Traction in Data Centers](https://www.mitsui.com/magssi/en/report
/detail/_icsFiles/afieldfile/2026/04/01/2601bttsujie.pdf)

12. [PDF Gtc 20250{|M = Cpo =
Ar235} (https://stock.mk.co.kr/uploads/20250321/1742510867b612c7d8f97fabda98dd.pdf)

13. IDTechExCoPackagedOpticsCPO.pdf (At 2tZ)

14. IDTechExCoPackagedOpticsCPO2 .pdf (AtLH ZI2)

15. 2601bttsujie.pdf (AILH 2t2)

16. 1742510867b612c7d8f97fabdad8dd.pdf (AlLY A=)

17. B0AM_ANHAHBMAX SO T2 H ALY | £S5 1S 2220260509001 . pdf (At 22)
18. O =2 HBMAdvancedinspectionSyst20260509001 .pdf (AtLY 2t&)

19. EAHBM4AM|CHZ SH0)|(Ch2 3 24| MICRESSEML| ZHAFE2026050900 1. pdf (AtL] 2t2)

20. BA_32{|MICRESSEM20260509001.pdf (AtLH 2t2)

21, pdf_QI5tCHEt n HFE S5t tolul & 220260509001 . pdf (AHLH AHZ)

22. ProfessorSeungHwanBaeReport.pdf (At 2t2)
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