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J|5tasHo2 ASSta JUGLICH E5] &2 AMSo| M4 88 AP A= FH(Alignment) JUEQF TUE 0|
2 & 22| (Thermal Management) Olf+= CPO 8355 Z2¥Zl= siM 7|4 2 QL|C

1. 249 2 At U A&H(Alignment Precision)2] 4|

2 7184 HA & stite d2lE ZEYA(Silicon Photonics) 7[8te] PIC(Photonic

Integrated Circuit)?t EIC(Electronic Integrated Circuit)S ZYUSHA ZEsts PN EMst=E HE

ZAYUCH 7[&2] 17|12 AE2 Bumplt TSV(Through Silicon Via)& &8 O|M|g 22} 5{& {7t ZAi5HA| 2t

ot AZE2 O (Wavelength) ©Hele] =0[Mst 8 2a0tez2 & Ag &4 (Coupling Loss)0| &43]
St

o Als 2AM(Signal Integrity)2 A 2t5HAH| AsiEHLICt
£5] 2.5D M7 F= oA QAE{E X (Interposer) 0] Bix|El &35t AR} 22 CHO| ALO|Q] FHE ME
OO|320/E{(<1um) &HRlQ] JLUEE SELICE 02{8t YU JF 2 E45t7| QoM E CHSot 22 MEZel

71524 UAS0| S~BHEILICE
. 25t g £4(Optical Coupling Loss) A|0]: 242 (Optical Fiber) &
Lol &st 2P0t Qb= MO Wilste 28 2ak= EEY A5te] 2
A& AHelol TE2t A= of Z2H|(SNR) &2 0[]0 LT},
« 0|Z ZlZ(Heterogeneous Integration) Al2] 7|A|H HYH: M2 Ct2 FZ A£(CTE, Coefficient of
Thermal Expansion)& 72l A2|2, 7| 7|%(Organic Substrate), 12|10 &5t At50| ZEE AEfOM 34
= Y5t E AOIZ(Thermal Cycle)2 DIMIst HE B2l (Displacement)E FEELICH
- Die-to-Die & 22} HBM42t 20| 11TH = 0| 2IME|= 22t FAISHA, CPO FA| CHEH A =
o LAI0] AFBE E% 00| 7Hel 22| 2&f(Misalignment)?} 2450, Ol= =8IZ H0|E d& ZF=29
Asdoz HAgL )

€
o

|27}0| = (Waveguide)2} 2!
lelo] gLCt. O] G|ol&

o Tl
)
ro

g CRESSEM CRSM-AI-2026



ZEMIE] & 1/0(CPO) 7| S 24 Y T2 H(CRESSEM)2| 2fA Tf

0[0

2 CONFIDENTIAL

CPO 2.5D Tj7| 2 2 U & 23 ciois

Package Carrier / Heat Sink

© Cressem ZAF ZRIE

- ¥ AE 8 2 2§ &4 (Coupling Loss)
- =02 (Waveguide) L 28 & THA

- PIC-EIC Y& OIM| d&(Alignment) 2¢

Optical Fiber / Laser Source

Optical Coupling Interface

Silicon Photonics PIC (Optical Engine)

[
)
)
[
[

[
[ ]
[ J
[
o
[
[ ]

Micro-Bump / Hybrid Bonding Layer

Silicon Interposer (2.5D)

High-Density Substrate (FC-BGA/CPO Base)

Cressem - 23 & dH

Jd2.CPO 25D 7|8 2 L & 28 T

(Thermal Management) 0|4+

= S0|7] 2l =Y=(R|C, LMo 2 mfi7|2| LR & L& (Heat Density)=
=222 20X ARA 2&S ot USLICE 7|E SHAHE YA E280] 8o 25 AEZ ZAsHH
=20 H240| JtsdelLt, CPO= s 222 ASICHt &st lRIo] sUst TH7[R] 7|T 2{of QIS0

B 2| E LT,

N
kJ
ng
|.|-|
il
ikl
=2
i
NI !
i
L]

M
O
@)
rr
L
o
m
=
m
10
&
J
B>
H
]

i

ox [

0|2 ¢lofl Tdst= 2 4 HAlle

a

= ZgHCh

215} 1}@} AZt2 A=t

& 7Hd(Thermal Crosstalk): 25 22! 2I(ASIC)0f|l A L5t 2Thst Qlyst ¥ ZE L
Ae|g ZEYA AtE 25 H5iof| 0 s, 27t 488 42 A E(Refractive Index)0| #i5+0]
8 540| S5t OpY Oz (Wavelength Shift) S12t0] ZgtLCt Ol= &4 A9 2QHydE
ZefgHct.

« JEH StATH(Local Hotspots) &4 7ol nAASZ Qs £ JYol| 0| YUSEe TAT HAO|
MSHEILICE Ol TH7(Z| WRo WY S0 S 7t4516t0], $A AAgst dH(Alignment)e| 22| HES
sdots otedhg oHEL T

- UH SR Mol B2 Y5t Z=2(Optical Path)E WolistA| RLUME 11ds 2o @8 2= biEstY|
ISt W T2 HATE WAHYLICH M W2(liquid Cooling)0lLt 14s 3|E4A (Heat Sink) EYO|
=0/ QIoLt, Ol 7| 22| FHQt S HIES 4&AI7|= 20l0] ELct

CPOS| 4BHOI A SIFfAE HY YT 'Y Hoj'2ts & 0k2l £7I2 SAlof Zojof BLICh FHo
HYUEE £0]7| SISME B B UAIICR BoH S48 TS woi BHT & s 2HY HAL 7I20)
2750, P 22| 04S HAB| UM Y HHS 24T 4 U A2 Y T2 L7} FHE|ofo} B

ZIHOR CPO IY7|YS Thdt £EO| ZBHS WO, 17|12 Hot2 B S42 SAl0) 2120} 5t I
25 3|0, Ol % Yi=x| $BY LA FH| JIQS0|A| 7120 7B L HBM AL 7148 Hojds M2
20| WA E D4 HA £RHS 2P D YU

2!
ZEM|CH & QIE{HUE (Optical Interconnect) 7|=9Q! CPO(Co-Packaged Optics, 2= Ij7| 2|3 &sho| 2Ate
Bt 38 (Back-end)Q| TH2{CHYIS TRA| SHH BASEAIZ | JUEUCE CPO= &S £2H(Photonics)2t BH=A|
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ZEMIE] & 1/0(CPO) 71=

g||_w
Mz
>

S5F 2M A F2|M(CRESSEM)S| A

_|1'U
»
2
0o
oS

AQIZ| S otLtel mi7|Z| 7|t (Package Substrate)of Sgot= 21HE 7|2, Ol 7|22 HBM(High
Bandwidth Memory) 2! FC-BGA(Flip Chip Ball Grid Array) ZAt AZOIM &=l F2{|d(CRESSEM)Q]
Jlede 18IPRR] g9ez2 Sy £+ e 2EA 7|8(Opportunity)E  ASELUCH [E*:
2MAHBMAM| T M 2t0]| 2 3 24| CRESSEM 2| A ALE20260509001 . pdf].
1. 7|& AAL dzko] 71=& 40| (Technology Transfer)

2 M2 o[0] e 7|7 L oj22| HAF AIYOIM HSE &t & Al H[H 7|=S BERotl J2n, 0|2 CPO
SJ0|| Ttz 20| MO[5t) 7|=4 228 22 4 AU o

7F. HBM/2.5D A} 7|=9| &3t

CPOE 2342z 25D 2 3D Ij7|3 7= 7|Pte= gLt Jedol 7|20 EFs CoWwoS(Chip on

Wafer on Substrate) 7|8t HBM ZZ ZAl 7|2 L Interposer(QUE{Z ) HAF A2 CPO2S| aHAlQlI Alz|=
T EUYA(Silicon Photonics) PIC(Photonic Integrated Circuit)?t EIC(Electronic Integrated Circuit) Zt2
QIEIO|AS BAst= El A¥He= g T AsLct [EX:

EAHBMAN|CH A EHof| 2 3 2| Al CRESSEM 2| B AL 20260509001 . pdf].

L. 2E Y YE(Alignment) L O|M| Z& AE

CPO 3Y0M= &8 Ay d7[2 g 2to| =2 O|Meh HZ0| 2FEUCE 0l HBMAOIM =Q&=
St0|22|E EY(Hybrid Bonding, Cu-to-Cu) 5389 2d% I Ab 7123 HIE Zolguct Faidel
4= 3D AOI(Automated Optical Inspection) 7|&2 CPO I{7|d 1tFo|lAM et &~ A= 0N EE

Misalignment)?} ZE£o| 0|22 (Particle)2 ZH&ste O =2|23E &340l 2 ZUYUCH [EH:
E0M_tEdHEAHBMAY SO E Z A | == &2 T 8212520260509001 . pdf].

to
s
/\ ol

tolel 4z &4 z|adtete o 23 UASLIH Fd2 sto|E2lE

L OJM =2 £ & U= M ZA 25
2 Jo{M Sub-micron 29| sHAIEE 235t golQlLct
[ ICRESSEML| AA20260509001.pdf].
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[Step 2] Al-Driven H|H &34
CPO mj7|3e Fx7t E25t1 AAF HI0[E{9|
stz EMO)| T2 0| X2} A

- O

ol
il
]
ox
(@)
<

®

=,
oz
X

_\'_
a0
Jo
Hir
|1|>
F

Uz . 7129 Rule-based ZA} gfAloZ

St A2 2ehE 2ot oS LICH Fde] Z-Ql Deep Learning 7|8t 2t &

12|32 CPO A |0 E85t0, ol dstd EM4Z Zetez 205t NHES &V[3ez Yz
(

CRESSEM): ZIMICH B TH7 [ ZHAL

ok
Bl odu e

e oY ne
>
>
tu
0x

M o
sot
HL
:Iog
©
9'|_
r
o
m
N
1%
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HT
]
>
N
]
js=}
0z 0

[Step 3] 174 2k=3H(Customized) 2&3} 2H| 35

CPO= HZAHNVIDIA, Broadcom &)t I{f7| AH(TSMC &)<
QIEIHIUE F27} Holgiuct i 7| AZ(Off-the-shelf) &4[0] O
2|3t 2EF AL A|AE(Modular Inspection System)S Al&SHH 258224 124 2891(Lock-in) 21t
=CistsloF LT [ &AM 3 2{|dCRESSEM20260509001 . pdf].

3.CPO TS Y A DA
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CPO AI% TS 2 241

7|Z HBM/FC-BGA ZEAICH CPO 324 CfS M2

Aoy ® 34l 0 ® 3y
HUE 2ARS o) ® 34 ® 34
syl 7|& 2| © @ 34 @ 34
ERAYY 0 0 ® 34

Mk
ox
Ty
e
n

Cressem

o

Hr

A
A

4

18 3. CPO Al thg 2

4, A2 s S 2stHo|e S FAHEF A5
zZ2Ho=z Mol M2 chst 'ASH A= (Defect Detection)'€ 90| '&8 2|Z3H(Yield Optimization)'2
SHOF BfLICH CPO dAL 2HE0ilAM =3 E Hoiet kol &sh-d7|4 H0|EE 2A45t0, d5d(Fab)o|Lt TH7 |
o| Zgt 2olg A2 A (Root Cause Analysis)a 4= Q= C|0|E 2A ZHES 5|0 S&3H0F &ILICH [EX:
_32[ICRESSEM20260509001.pdf]. 0O|2{St Al 7|8t ADIE MEZ| £2M2 11

AL & JH0|
0oz, FdE e FH| HZALEOFL Al BHE=X| 32U We| THA| 27Hset s MEHZ
|.7-|| St 7-|0||_|L__|-

2N Hr of o9k
o iz oX
T

L)
2 X

oN |o
ol

AZ L AAE

ZEMITH Al Q1Z2to| sy Z2Q1 & QIE{HHE (Optical Interconnect) 7|&2 7[& 2| Bl 7|8He| 7] A=
AE0| 71 F| oA—HY 22 G5, 4= &4(Signal Loss), Y =F(Bandwidth) E= 44— =55t7]
et A0l miChY MetHol| M ASHCH 35 7| FSH(CPO, Co-Packaged Optics) 7|&2 Thot
sS4l Aol HStE o, Bt 7|3l 224 S4AS Q5tH, Ol & HAH(Inspection) 7|&2| HO|=8
715teH 2 A4SA7|= 20E Zelig AYL(C

2 BMOAM 2ASH HERE 20, CPO A& 2030E7HR| Y201 40| O 4%|0, Broadcomt NVIDIAZ
52 of 229 YH3A 7|YS9l 7|s 2EY2 0[0] &st 221t M2|E ALQ%| e S3 Tl 7tE5ete
USLICE Of2{st #H3h= 7[&2| Pluggable &A1= 210 THE 2E Y Tf7 |4 342 Q+5t0, §35] 2.5D/3D
I47| 2 Lol A2l O|M| Z&E(Alignment) 2 & 2t2[(Thermal Management) Ol4= &8 (Yield) 25 2|5t 2|CH
20| 2 dLA Lt

0245t 7|52 HIHO|A F2f4I(CRESSEM)2 CI21p 22 22k R&D ZEM(Strategic Roadmap)S Eaf|

A2 2|H 4 (Market Leadership)S &H25H{0f &HLICT.
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1. AL ¥U=zo| Soli3k(Inspection Precision): HBM4 2 Hybrid Bonding i8S £Is £33t = _%_TI_EH/gE
3D AOI(Automated Optical Inspection) 7|&2 CPO2| Alz2|Z EEE!ﬁ(Slllcon Photonics) & EIC

IC) & G2 &tA6HoF YL CH §3| Cu-to-Cu &R OM 731 0|22 422 & U= Sub-micron
=9 A E£24 2Tt 2[4 DA YL T

2.AI7|H 25 AL £RH S8 CPO TH7 [ SEO0A 2dst= Yriet 28 0B E ZAII22 22|,
the 28 TES 90 3342l 22 #2(Root Cause)E =AY 4 A= Al-Driven 0|8 24 SSUZS
YH[o LHAHSSHOF BfLICE. O] = ZHALS| 48 70 M2 7|0{5ts iy F4H0[ 2 AYLICH

3. 25 YEY U3 HA 75 LAA(SKSO|HA, A4 At, TSMC S)0tct 40l CPO 718 &AL If7 |
D2 M A0 RASH i8S = U=F, 7IZ2| FC-BGA L 2.5D 7| AL ZH|OM ASE 258 Z2(Modular
Design) S&s &&5t0] %5 (Customized) At Z&& H&5HH SG5ct= H=H0| F2gLCH

ﬁéxﬁog 331 % o
Jled HOIE 5422 ATU2ZH ZHHIEH Al t'JEZﬂ s8¢ '—H01IA1 CHZﬂ 57%@ 232 A &RA

DE2 Z9f5HO0F §LCE.

zt0 212
1. [Cpo 7| S8 L 22| 7| &M : EXIHAA HIAME ] (https://engineering-ladder tistory.com/178)
2. (s WA & (CPO) Zss® ¥ AE  ¥Y¥ 20252035 -
IDTechEx](https://www.idtechex.com/ko/research-report/co-packaged-optics/1019)

3.[2026.03 Cpo (SsTH7|A[H3St) - Ai GIO|E{IE{2] 2FM|CH &S4! .. ](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 Size, Share | Growth Report
[2034]](https://www.fortunebusinessinsights.com/co-packaged-optics-market-117954)

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

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

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/massi/en/report
/detail/_icsFiles/afieldfile/2026/04/01/2601bttsujie.pdf)

12. [PDF Gtc 20250]|A 224 Cpo 7le
&3t (https://stock.mk.co.kr/uploads/20250321/1742510867b612c7d8f97fabda98dd.pdf)

13. IDTechExCoPackagedOpticsCPO . pdf (AtLf AtZ)
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IDTechExCoPackagedOpticsCPO2.pdf (AL At2)

2601bttsujie.pdf (AtLH Zt2)

1742510867b612c7d8f97fabda98dd.pdf (AtLH A=)
E0M_EHUAHBMANM S| T2 HAL |2 S L X 2f20260509001.pdf (AtL) A1)
Oj+YHBMAdvancedinspectionSyst20260509001 .pdf (AL ZFZ)

EAHBMAM CH EH0f| 2 3 24| MICRESSEM 2| Z4AH20260509001 . pdf (AtLY AtR)

=4 _F|HCRESSEM20260509001 .pdf (ALY At=)
pdf_QI5ITHet w2 FE St olHE 220260509001 . pdf (AHL 2t=)
ProfessorSeungHwanBaeReport.pdf (ALY Zt2)
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