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CPO9| airle A5t AMSE 22|5t= PIC(Photonic Integrated Circuit)?t 7| AlSE A 0{5t=
EIC(Electronic Integrated Circuit)2 Y0iL} &8Zoz2 ZAFSIELI0| 22 USLICH A AOAM= 02

ToI5t7| 25l ChEt 22 7| EHIET) LIEtLED QIS LT

2.5D o721} QIE{ L X{(Interposer) 7|&2| 213}t

CPO :R0f|A ASIC &2t PIC AtO|2] H7|H 2|8 z|agtstal A= FZ M (Signal Integrity, SIS 2HE5t7|
Qs 2.5D Ij7|A0| BHFL2=Z 22| 1 UFUCH H2[E AHEX(Silicon Interposer) E£= |7I
QIE{ZL X (Organic Interposer) <0 ASICt PICE Ltzts| Hix|5t0{, 2 2Zte| ol H& S=¢!
QIHHUE (Interconnect) 2| L= FCHRFEL|CL Ol= 7|2 F2| M2 Z2|4 StAIE 25517 ol & AZE
22| 2 HIZ ol 20| 2 WAHYE 71U £3] TSMC2| CoWoS(Chip on Wafer on Substrate)2t 22
JIEokE 25D 7|22 CPO 732 st iy 7[8t 7|=2 &&& L Ct

Alg|2 ZELA(Silicon Photonics) 7|4te| PIC £8

CPO9| 'Z(Optical)’ &8 HYste d2l2 ZEY
I

|5t ot

AE 7|2 CMOS 832 &30 gst 22827,
U

27|, =2 5)E H2|Z Q0T {0l 7&i5k= 7= /LI CPOOIME Of PICTF Erett £F0] OtL|2t, TH7 (2|
URel syl 49 QA2M ASICRH 21 AU CH 2/20l= 3.2 Tops X 6.4 Topsg2| 214 H|OJE] HES
A5t floh @22 EEYA J|20f 0|Met 7HEste| i e, O|F ¢l 4-F-&(Die-to-Die) 2E 7|&2
YL SR 27510 AGUHCL
2.7l a7Are 2 Y HA
CPO IH7[ Y2 7|29 17|14 Ti7|d 2= 20| LHE 223, g8y 2 AtE S50 gLt
- & Z&(Optical Coupling)e| YLUE: PIC LHFO| =It2(Waveguide)2t 2|F &7 (Optical Fiber) £&
0| H 2AS HES T, LE=0IE (nm) EHele] I8 Y27t 27U 28 &4 (Coupling Loss)0 245t
UA| A 2RI M3 58(pJ/bit)O| 54 5] A5H=]7] HE2YLICE

- & #2[(Thermal Management): ASICOHH g”%r: QTS ZO| AXT Foh 20 JetS T8, ot
SO ol 5)0| HstA FUCH Catd E 8y A% (CTE)7F nefE Ti7 (R ZAet Y5 Y £FM0|
LAY

—

- 01Z WYl B24: 22 (Logic), Bl22|(Memory), Z3HOptics)Ol2ts N2 T2 2214 S48 7
SfLtel 7I% 9lof B2l YOIA, 2 H 2Hel A (Alignment) L FBH(Bonding) M| BEBHE 20| 1Y
= BpgLct
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ZFAM|CH 2 1/O(CPO) 7|& S8 L F2| 4l (CRESSEM)2| M2k e ot CONFIDENTIAL

CPO Ij7|2| = CHHE

Optical Fiber / External Light Source © Cressem ZiA} ZOIE

. . 2 ZEE (Coupling Layer) . 2 2% A (Optical Alignment) 2 Z5F 241
Optical Interface / Grating Coupler N Fe 32 - 23
- PIC-ASIC 7+ QIE{IL A 1A e
st 3|12 (Modulator, Detector) ) -
.. . ' - £IH2 (Waveguide) Wi 0|22 2 &M
Silicon Photonics PIC =

ClojEf 22| st Y

nx

High-Speed Switch ASIC

Silicon Interposer
. oj7|2] 7|
Organic Substrate / Package Base

3 4. CPO I{7|A] L2 HHHE

Cressem - 22 #d

3. 2tMICH CPO TH7| 2] 722 218
S CPO AIZ2 T3 SB2 Hol, 3D M3 7148 S5 G 30 4Bslel DY HAZ AYY
2o= Bt

1= 2.5D CPO (zH/2t=7]) 3D CPO (ZfAIcH 2| 2F)

_ ASIC 20| PICE 21 H=
22X 5% QIEILA A0f ASICZEPICE EE A2
™ © 124 <ol HPICS S B (Face-to-Face/Back-to-Back)

Hybrid Bonding (Cu-to-Cu) 7|gt

QIE{AHUIE Micro Bump & TSV 7|8t 47|d A A 20[4] o2
— — =
. Jl& MEEIteD 80| ATHHo2  OoE ME A2 248 1Y AQ
°° 20|35t 2ok A2t
A5t 9 Ue U 2HY
SHAL 2pA| QIE{ZL 2| B2 (Footprint) |2 o
oo oo B A (Alignment) L

H 5. 2MCH CPO TH7| 4| 7|52 2|+

CPO 7|29 22 Z= Hybrid Bonding(712| 21 Hg) 7122 =2t HE 20U 7IZ2f Bump &4
=c|d 3712t 714 Mol sVt HESIEZ, M CPOOM= Bump g0 #2|ef H12|5 Y ¥
YAS 3l 1/0 L= V(M2 0|z Y22 L0 AFLIE Ol2{e #els 7|y SY29f HOol=

- o —

=
JIsterd22 4SAI7|H, Ol 2 ZAt 849 1=t B4 Y-S Of0[F LT,

A2 M(CRESSEM)2| At 7|3] 2! 7|=& HA
1. 71 T2t HSto]| W2 ALY FHe| 2

Al 4 #2701 ZYHo=2 ZUtetof| T2t HO|EAIE{el QIE{HEE &AI0] 7[Z2Q] S2{HE=(Pluggable)
FDE0M 35 17| &3SHCPO, Co-Packaged Optics) 22 S2&5| Z&te|D QELICE 0]2{5t #ists Chaot
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ZEMIt] & 1/0(CPO) 7|8 S8F Y I M (CRESSEM) Q| M 2k2] S &fot CONFIDENTIAL

o
£
i
T
Al
()
U
O
rr

Icl
gﬂ

Al ghAlol HAS HOof, BREX| Ij
AZHPhotonics)2t BHE A
Z-|7|7%'| A& 7&”.% IE-:lO‘I 2HSHA.

5
mjo @

r

kai-search.tistory.com].

2| (CRESSEM)2 159t FC-BGA(Flip Chip Ball Grid Array) & 2.5D/3D 7|Zt HAl 20F0M A5 =2
oA ot A 7|=2 Al HIY Z2|SE BR/ste JEUCE CPO 7|80 246t= 3y 240 ndE
CIE{7{HIE ZIAL, 0|Z %A (Heterogeneous Integration) A™E, 12|10 sk AZ(SiPh)e| ZEt HE2
7| 20] sl 2 ntte TH7 (Y A 7|22 A0 ASLICH T2t 2o A CPO Al
7158 NRItR|e] FotO|2e| A FYez A £~ Qe ZE A 7|8 (Opportunity) 7t 2 AYLICH [EA:
EMHBMAM T &Hof| 2 32 MICRESSEM 2| A AFE20260509001 . pdf].

2. CPO &S I3t S 7142 HH 24

o
Fefldol 7|2 sy dFd CPO 7ls 2+AY 2ol #4142 Vs ZHES tEt 20| M 7| L2

H=2SFA Ol
I'rroel‘—l— )vluzl [:I'.

o1

### 2.1, 239 Zst AAHOptical Inspection) 2 A& (Alignment) 7|

CPO= Al2|2 ZELA(SIPh) 212} 7|1 L5S 2|6t EIC(Electronic I0)S 0§ 2 5HA| 82|50k §HL|CH, O]
DHHO| A 2HAGH= DIMISE Z> X (Misalignment)= &3t &4l (Insertion Loss)2 2235 £71A|7|0H, 0l=
HA| A ABIS §s Aotz 2l AE LT

- 7= A F2H2 0|0] HBM42| Hybrid Bonding(Cu-to-Cu) 54d S 2lsH 48 Lt=0|&(hm)
Chelo] SHMEZE F3SH= Sub-micron Resolution ZStAH AA s3Hg

EAMHBMAM|CH 2] (2 3 2{| I CRESSEM 2| A AF2E20260509001 . pdf]. Olefet ke b 3D
AQI(Automated Optical Inspection) 7|=2 CPOL| &3t QUEI0|A FH LU O|M HEF ZAO| 2HHc=

38 4 AsUct

#HHE 2.2 ALBIY Jlgte] 2t 2F 2 HO[H &4

N

rlo
Jir i
o

oII

7fﬂ LICt 7|29 Rule-based

st T Lo OjM| 22

CPO TH7|¥2 &t 24}, Bt=x| g, DU 7|Ho| AEE Of* S&e 7
E = ==

a
AL SA2=2E Fst 29| OlMet & (Scratch), Ol=& (Particle), =

o
2Ate =2 TESt= o etA7H AS L.

Ol
AN
7124 A 39| Al-Driven Machine Vision £2M42 E2{d(Deep Learning) ¥12|ZE Sdi
o

=]
A22 i TleE 2RI GUT (2%

YAl Lo| 2ot HA| Zekg L&0t0] 2tE (Over-kil)ES &7 ol
719 A BM] ()32 (CRESSEM): ZFMITH Bt mi7 |3 HA £242] MEF2t 0|F CPO 540
HEgeh 42, o Azo| OIM| Zgtl MY|A Yo S SA0| HESHe XsT BAF A2 120
tsEct

#### 2 3. 0|2 A (Heterogeneous Integration) & 7T HAt Sk

CPO= 2.5D/3D Ij7|3 7|8 7|Ete2 5t04, Ol= HBM(High Bandwidth Memory)2| & F2o} 7|4
HE Zo|gct. 2lnt st A2E 5HLEQ| QIE{E X (Interposer) 2|01 B X|5H= 2HHOA EHAiGH= Warpage(2)

&2t Die-to-Die ¢te| & 2Al= 01 2FH Y LT

- 7123 ¥y 22 Y2 FC-BGA 2 2.5D 7| HAE S3ll S24E Warpage ¥ Tilt 0] £RM4S 275t

%4 inl
Q&UCH DYY AE(01Z] Aof 7|3 3D T2MAY 7|42 A0, HBE YEIOIME Fetet CIO[EIS
223 4+ A VS CPOO| BT HE TR AMOIN LS FY P9I U [EX;
A HBMAAM|CH M eHof| 2 2 2l CRESSEM 2| 2 AF420260509001 . pdf].
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ZEMIt] & 1/0(CPO) 7|8 S8F Y I M (CRESSEM) Q| M 2k2] S &fot CONFIDENTIAL

3. A E2|M'd IERA
cp

3ol ER JHO0| CPO AlYo| 2 HAHSS 9 HEEY & A=A[0f tiet 7= ojy 2l o3
2z
CPO 7| HA tiSS #I8h 328 A2 oY
st A (Alignment) LT @ iy O © 0
O|M| ZsH(Defect) A& (@] @ A O O
I{7|2| #&(Warpage) Z0f o o ® Al o
0|F HAH(H) #2858 ) ¢) ) @ 3y

Q)J
rhu
e
i

Cressem -

3 5. CPO 7|z A thiS= 2Iet 22i1d A of

0N

4. ZE: CPO A HAUS 2l 7|2 2EY AA

OIEL'= 2IsoofF LTt

2%, Hybrid Bonding ¥ SiPh S8 348 2G4 E ZAI 282 7|0 74Lsto] 7|4 AYEHS
AZ5H0F BT ot0 M3 (Fab)OILt TH7| S| HEh A2l A=A (Root Cause

. =%, ZAL HIOIEE &4

Analysis)gf 4= U= Al 7|4 CJ|O|E] 4] SMES AH|0| SEL22M 24| =5 T 2P H 22 7|045H0F
SHLICH [2X: BMHBMAMICHHEo| =2 T 2 dICRESSEMC| HAI20260509001 .pdf]. Ol2{st Mzkd A2
CPO A|Z0| 28422 Tlatst= A0 2| dS tiAll 27ts8t el S2i0|012 Af2|0j A5 & AL

|A3 ol dl EH% HISE

o o

ZEMICH & 1/0 7|52 CPO(Co-Packaged Optics)= HO|E{MIE{Q] 2] 281 HAE 2A|E SHES A
ﬁEMOIZIDP JlEed "It 7|1 [V AE HE WAL= 20| OfE £EL2 gLt S 9t

r(Photomcs) oF B RI(ASIC/Switch)2 SHLEe| TH7| 2| Lol S&dte HEoIM Lilsh= Sg4Ql 223 =
A Q] AYZEHO|ZL, SA|0f| 0|8 S=5t= 7|Y0AH= d&et szl (Moat) 7t 2 4= USHICH

2 MH0M= CPO &83 HHoM 2 £ = 22 22T E J|a2 S4E, AY BES, 4l 2|239| A
74Z| 2O M 241511, 0[0f Cht F 2|44l (CRESSEM) Q| 2k thg HeFS HA|EHLICH
1. 384 2[23 E4 U Fde= ot

CPO 7|& =0 TE 2|23 = Thad| Y 3o A7t ofuzt, 7|, &ef, d7|2 E440| Aol AAE

= O%
2ol 2AIYLICE. of2hf B 2t 2|23 2019] Yoot B|ZL|AM 0|2 JYEE Y
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2EMITH & 1/0(CPO) 7|8 S8 L

aAa3 g8

(CRESSEM)®| MefH ths et

2|23 29I (Risk Factor)

HHLHE Y 3%

(Description & Impact)

CONFIDENTIAL

o (Impact)

7|84 22t% (Technical
Risk)

A2 B3} (Market
Standard)

Aldl 2| A3 (Execution
Risk)

g EUZHS

(Thermal Management)

2YU 3P Y 2

(Ultra-precise Alignment)

BZEQEHoAY DZES
2Z|® (Standardization Lag)

AENA| T} 3} (Ecosystem
Fragmentation)

882 YEAS S

(Yield & Test Cost)

R&D £t A 2|4 7|2t (R&D
ROI)

BEe iy 23

AMal o
]

Sf Aztel Ngs A9
O] 21 HH=|Eoj| Ch2f

M O Hl oY o
nr B

o

[(Wavelengt
22ld A5tE =g

Alg|E IEUA(SIPh)Q
EIC(Electronic IC) Z+2]
&5t 2 (Optical
Coupling) Al =24 nm
CHRlo] FE 2xp7} gt
AL A5 &4 (Insertion
Loss)O| £2&s| S7tat.

CPO+& 7|2 Pluggable
Al Gaf Cheret # o
E£2 Mol =4 E 4= 0,
SSE QIEmOo|A HEFO
SHEE|2| b2 3R DHAE
L= S HIE0| 58

Broadcom, NVIDIA & &
Z20|0f 2te| 7|& 2EXY
20|= Qs EH &2

of
S4HE 2[€0| 24T

(=)
A
—

7| ChAo e Zeto|
HA| 07tz

A 2B (Switch/ASIC) 2|
I 7|2 0[]0 & &~ U0,
Pre-stacking THAIQ| ZHAt
AE=71 0% =Otof &t

ZMICH 7|& MY E 218t
{2 R&D A}t

A| 55| OfOF SfLY, A2y it
AEO| ol et =t 2| HE H

W EEEEPIEE)

00t

r= ot

~

i

High

High

Medium

Medium

High

Medium

D% (L
#H#H## 2 1. 7|54 2% S (Thermal)2t AL E (Precision)?| 25

CPOQ| 712 2|FH0l 7|52 U= E 22| (Thermal Management)LICL 7|2 E2{H&(Pluggable) 252
2 22|z 2elEof U0 W2Ho| 0|2, CPOE M3 AH|7} Bhdlish= A9 2 HEE Hoj| 21245 &5t
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ZFAM|CH 2 1/O(CPO) 7|& S8 L F2| 4l (CRESSEM)2| M2k e ot CONFIDENTIAL

2207 A UL 2k Hele 2|2 ZEYA A0 ZHE0| FTE FO| M9 Y-S oot
A

ke

5 2HY HP(Alignment) Ol ZAF ZH|0| M52 ZHAIE HAl 24QLICH 2
20/T 20| 25t AZHE TH7|R|0f ZEHE O YASHE |3 3t HOE M EES 2

= WA A|LEIS] MY B2 A ZEU L (A S7HA= 718

(Optical Fiber)Lt
AStAIZ7|H, Ol&=

o 40 pg

#iHH# 2.2, A B8 THHSHE MERA TS
A CPO A|Z2 7122 T=7|0f| QELICH 112G SerDesS H0f 224G SerDesZ 2I5}5t= IZ0f| A CHESH
A

712 40| AE5t o, O|= AH| A=A YoM EESt A|H(Standardization Lag) 2|23 2|0|&HL|Ct.
ZHAH(Hyperscaler S)0ICH @15H= 248t QIE{H|0|AQ} T§7|A X (2.5D, 3D, CoWoS S)7 At0|&t 4 Ql0f,

Ikl
Mg AH|ECHs TE0| HAEDI0|Y S0| 2T ELC (YA SR 7|4

#i## 2 3. A 2|23 2 (Yield) 2t BAHY

CPO= 'All-or-Nothing" 40| Z&LCt 17t2| ASIC 2t &k £2t7t 0|0] AT HEfoM IH7 | S20]

SAZ|H, £ g0 Yots 4 A5 EMZE H7|sHoF LTt w2tA Pre-stacking(Z& ) SHA|o|A2]
HHSE AP La20|0, Ol = AL B39l H|E ASDt 21 ZELICH (FA S7HAL= 7|4t
3. A A(CRESSEM)2| A2k LS BFHek (Mitigation Strategy)

—

o o
il fI0M AgE 2|23 S 7[e2 U= HESY] floh thaa 22 Ml 712 thS H S IS0k gL T
2

|23 - (Yield Protection)

g of, DAL= HE A AN ZEES 100% &oId = U= HAL EFHS

27 AYUch 242 7I1E FC-BGA ¥ 2.5D 7|2 HAOA Z2{5t Sub-micron SlieEe| Bt HAL 7|&2

CPOE &5 &4 AR 2Holof LI 53], Hybrid Bonding €8 =8 Al 2% Z0/M & (Alignment)
=z

°
Herstol, DAL 48 £AUS 228K 48 BE TIEL 20

=3, Al 7|22 2|5¥ ZAtZ @ U SF 28 S (Al-Driven Inspection)
&(Warpage)O|Lt gty 54 #el= Hetl Rule-base dAt2= THEO]
MHIM gn2|Es A=si5t, FdAel 2 Hyn dA Zg(Void,

il
oEgUcH Iyde Al 78 ¢
P At

Misalignment)2 4% =
£ (Throughput)S S22 24, CPOQ| =2 AAt
718h
ARy, B A L SUE3E S5t BE3} 2|23 t) (Modularization)
A& BF0| S| 2 40N £ DHA0| 55 2] e 2EY (Modular) ZHH| AA7F AL CH
I T 5)9| 27| C}2 17| T2 M A (CoWoS

ZEMICH Al Q1Zeto] il Sefoz B4 S8 7|2 &SHCPO, Co-Packaged Optics) 7|&2 7|& 2| HiMd
718t M7 A= dE0f 224 StAE S55ta, HO[EHES MY 21 tYE U=S Sile B4l 7|s4
detMYLch Al A4t 2ol A ZItof wet Coje & =E(p)/bit) z[Hstet E &2|(Thermal
Management)/t ‘4&2| 2| Z& 2A|7t £, Ol= & 7| HAOMS =Z T HAL

— 2
FEHS BYA s Yy 247t EUSS 20U

U

W (CRESSEM)Z 7|& FC-BGA ¥ 2.5D 7| HAF 2OfOf|M =45t A3t &8t 7l Al HIA
ue2|SS P22, CPO Al 84T 30| tige &+ A= 4t 7Ied EUE ERstl AU L CPO
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ZEMIt] & 1/0(CPO) 7|8 S8F Y I M (CRESSEM) Q| M 2k2] S &fot CONFIDENTIAL

T2 Qo L7EE AelE ZEUA(SIPh) £E8 34 2 0|2 A (Heterogeneous Integration) ZHA0||A{Q]
O|M| FE(Alignment) HAls 22{40| ER]t Sub-microng sl e 7|=2t 2 HH o= arEor Q&L T
AL

s
=
CPO Al dH S {8t F2f 4ol 24 RAD &% ¥ S7| 2EYS T3t 20| 2oLt

[CPO Al% Mg 93t Tajio] Maty 2]

CHA|H 2 H (Strategic Roadmap) SHAI R&D TfA| L =21 22k

-2.5D/3D TH7| 7|8 &St AZHPIC)
g2 At 7& &8t - ety = 3D
ct7| (Short-term) 7|& dako| stz Al | AS AOI(Automated Optical Inspection)
2E J4e - Al 7|8 0| ZEHVoid,
Bridge) ZAIZHIHE 212|S AHE

-4
AT

OH2 3 2 HA 2| e -
) _ 57| H EN E5T
Z7| (Mid-term) CPO HE ZAI &32M 2RI 15 co T e es

HAHOptical-Electrical Co-test) 7|"
St - DZHAKFoundry/OSAT) &3
2ESHHALALE S5
- ZJALCIOIE 7|8t 3 2
22 (Root Cause Analysis) Z2M
E5F - 2pMcH 14 QIE{HUE (224G
SerDes O|A}) TS AL BZ A2l -
Al-Driven AOIE HER2| A5 ST

48 2| BUZ A

27| (Long-term) Al 7|9 ADLE TH7| Y HAL SSHE 24

S=YHE H0f, CPO 7|29 2&=7t %7@,0“ et LdlshH=
| 25t= '8 2|23} OtEL{(Yield Optimization Partner)'2 2 OF &L Ct. Hybrid
IA

‘_O_"'-

5 =
Bonding & 2| ZEYA 7|59 =Y =2 Qs HAF HO|=7t 7|Ste+H 22 d&ste w2l 7|s T2ty
Biol=, Jild0] 27/ DR2717t2] Fe Y AIB[Y 7|22 Al BE2= AYAIZ 4 A= 2EHY 7|97t 2
AYLct.
i

1.Cpo7|& ST L ZUQ| 7| EA 1 EX}AHA H|TAMIE

.2026.03 Cpo (S&Ii7|A[&3}) - Ai HIO|EJAMIE{S] ZEMICH ZS4! ...

.33 7| Fe (CPO) 7|ea3 L A& AT 2025-2035 - IDTechEx

el aAet Bt Aol M22 S0, Cpo 7|s oS &4

. Co-Packaged Optics (CPO) Market Size to Hit USD 1,055.11 Million by 2034

. Co-Packaged Optics Market Size, Share and Growth Analysis

. Co Packaged Optics Market Report: Size, Growth, Trends & Forecast (2025-2033)

0 N o UM o wWN

. Co-Packaged Optics - Global Market Share and Ranking, Overall Sales and Demand ...
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https://engineering-ladder.tistory.com/178
https://kai-search.tistory.com/46
https://www.idtechex.com/ko/research-report/co-packaged-optics/1019
https://alchonomics.com/cpo-semiconductor-optical-packaging-ai/
https://www.precedenceresearch.com/co-packaged-optics-market
https://www.marketsandmarkets.com/Market-Reports/co-packaged-optics-market-28874835.html
https://www.verifiedmarketresearch.com/product/co-packaged-optics-market/
https://www.qyresearch.com/reports/4702623/co-packaged-optics
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9. 21 ZQIE 2YZHCpo)Tt 2A0|H f ST}

10. BMHBM4M|CH &t 2 3 2f| I CRESSEM 2| 4 AF20260509001 .pdf (AtL] A=)

1. BEOM_AMEHAHBMAM S| CHEHA |2 T S 220260509001 .pdf (AU At=)
12. &M 32| HCRESSEM20260509001.pdf (AtLH At=)

13. pdf_QIStCH St AR E{ S50t E&220260509001 .pdf (AHLH Zt=&)

14. ProfessorSeungHwanBaeReport.pdf (AtLY Zt2)

% 22 ZH A HY WA Fo| — = BEAMIFQIET SHSQ AlY 2 Y0l of 88 20[7}
UAELICH"2030H0]= 812 E2{" vs "2034'H0l= 2 109 5,5112 Z2{"). T8 AZO| HAU=|7} M3 Azt
AGLICH S0 AY o4y EeI-7I1E A0l &HE + ALEZ, te] 28 A 121At= &els AT
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https://www.besen-group.com/ko/what-is-a-charge-point-operator/

