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8
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BELG, EH5KE/ BT, AATEF LKA Ge-on-Si HKMEL PIC &£ .

oA 800G—1. 6T—3. 2T 4fE#hE:@iE 1006/2006 FH4%, PD AR LB H4LHt, mAL L5 TIA, DSP, #4 K% PIC 2
Bl A8 dE 04558 ; CPO/NPO " £ 3278 K L& . KF A, HAaxfo KT M.

FEl422.5.1: Coherent s Heic 3% PE382.5.2: Tk SR UEE S5 D FR AR I R S5 S LI A
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(d) s |
T SE45  ——T=185m <
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< 4645 ——T=385m
2
3
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8 ks Vo3V

8 1645
0640
-300 -200 -100 0 100
Thickness (nm)
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B R, @il 1331nm
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CPO: 313 k%, Scale up/outI i 3t

CPO:@ it %51 % (0E) 5% % (ASIC/xPU)
By BMORB TN, LB At R
HARZEM) . CPOR 4ty sh3f ik £k (ELS)
ERAER —3HEN;

LAaTER, A3l%E (0BE) AEAL

LR HE, AR RE (ELS) #R4EXE,
MK R A H 2 CPORE & KA = & 69 K42,

#_ (Substrate)

ARG EF] 2T (FAU)

FAXE

REFHEF|E T (FAU) = £51% (OE, 2EIC+PIC) = Switch ASIC/xPU 5%, &3

£, BARASIC; ARAH: AFE (0E) £ARAE+AE (Interposer) E,

KRIR & F B EHE R
[¥12¢3.1.1:  DSPRIFf{i/NPO/CPOSERA S E ] [E#23.1.2: CPOREARAUMG S % LA HAT
DSP Pluggable Vil e
FROLESEE (CW) BOBEIE, A CPO &
SMERBOEIR (ELS) Geffr, FSORISR G, RO 1
o T8 A R o
000000000000
e SRR / A, T2 L
NPO FAFHRMST (FAU)  GEM R PBORA) R, S0l
5 PIC FRHIFE RIS
TX/RX
Substrats R T Y N 3
ogoggooooooo Jt51% (OE) CPO I#Z%Lr, SUTTHRAT I - 6 / S
PCB et e (s .
AL E RS Fr (Driver) RIS FHLHCKAE (TIA),
EIC (BE T4 /% HLB%) [rESE=r
OE = Optical Engine PLS = Pluggable Laser Source © = interface Losses
— BB BT MR E R SRR
R p— N &3 | Iy
¢ ) PICOETRBUEM) s photodiode) % ik 2 1F
[ TX/RX
2 PLS
Substrate -
000000000000 000Q
PCB SRR/ R PR EL S AN B HIG, 4 OE. ASIC Al

ELS JEHE K .

OE = Optical Engine PLS = Pluggable Laser Source @ = Interface Losses

KRR SRR

- KIhRAE: HE mw /EiE
- WKARE T R

- AR R TR

S B 32-128 %

- WHCKGHEREE (<0.5um)
- i el (T 3% 260°CIRIIE)
- iR i (W MPC. D-FAU)

- B 5 PICiET 3D R A4S (Hybrid
Bonding) liftilIL (TSV) i .

- LEAAG Sk cmos

- MR G

- (Si): WS YIS

- HEA (SiGe): SRR

- R ) AW g
- 3R (Substrate) : 4ETFI, OE JAE
ASIC 55301

-2 (Interposer) : OE JTE ASIC |-

J7EREERAE I, TSEHL

BRI Bernstein, K-TI#IER FRIREI: A5 2P

W 5oL 3R I L Z )6 89 Tt F 330
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NPO: t.3]%iEASIC/Tirér, Bi&ARTAIR A

NPOZ —#F ¥k 51 45 AL Lo T 4G AR SR G AT B AR, A5 5) 2] B AR AR ALASIC (3 GPU/XPU) 495l —3PCBAR £, 124R & 3 =T Frfp bk 69 & I 2
Ho

HARLEA: ASIC = BIAEIEHE ALK (KBOmm) = TTHEKA AL (0E) - AiF#EiE, R EEA AR, THEpadiisk,
ZFEREG—ANERERT,

FARL A A9Rubin Ultra NVL5763% 7T, NPOX 51 % B2 -F8012, FMBGPUAY3. 2T 5 5| H a2 K £92. 2538 £ 2494.0, 315K 78%,
NVL576 878 NNVL72HULAR 4L M, 35 hLiE K 3B & E 5k 4 @ 5k FINPO, CPO% R BBk 75 £,

[8£3.2.1: NPOSHI~ [E#3.2.2: NPOH AR LK E% O A1 bT
A DiRedtiiA SERIFE IS
L T . FHEETEAR ] 2
ASIC (EBHABIER | Lt s, Rfa s | N
g (BGA/LGA) 1, {3
) PIVRSL RN i, WL
G/ PTIRED . BT
3351 % (Optical TBE-GE S, BEPIC | BIEHER L, @i
Engine, OE) HIEIC, (Socket) HEHEF|EM,
G TP ORI e,
RAGELD (cw) Bk, 1E BSrFHeG 8, Bk
SRABOEIRELS) | et e, BB APIC,
e e b o e e | (PR LER B TRRAE
EE%D %EASKE%%]%E@W@{M J VSR/XSR) s ﬁ%"?ﬁﬁ%DSP,
° sl fd 28 IR Bh 38 B AR
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G
CPOE = /287, NV/Hil/ &

R F M5

FARILCPO: .3 d A FCPOAQuantum—X InfiniBand 5Spectrum—X Ethernet™ kK & 7| 3 3AL, 2026F FTXF B HE /A E P F AN,
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3D/2.5DRE & A E, coupe = fit 3k £ CPO= 1.3t B

DK : k3% (0E) AR, HATSARLCOUPEFE AEIC + PIC ik CEIIEAIN) , ZARAKRAGAID (AR E) £ @il
TSMC#9 SolC-X (RA&H4E) B AR, FKEICH* @i & APICZ L,

2.5D3 3% R EL LN R EE, ERAGIEEARINEI IMER T, SATH A L LKA OE on Substrate (L3I %A KMk
) 892, 5D E K X, i@id CoWoS # K, FFOEFi+H & A& ER —X4 E. KAk¥4Z % 0E on Interposer;

EIC: £ F &R e, KAN/N7 £# TZH &, ERSHRIEFHBEFTIA GFEAKE) ;

PIC: EFEAKREI, KANOS mHSOI T &, EaAAHE. KF. WUBFLPZEM,

[823.4.1: TSMC SoIC-XEARTHIIE5I% (0E) NH3DAERA &

[8#3.4.2: A HLCOUPET- & HCPOYH 6 2k 1]

HEAT SINK
(CODLING SYSTEM)

| COUPE™ Technology Shaping Future Networking =~

T TRANSISTOR OFFICES (6nm) Plan to offer Co-Package Optics (CPO) solution by integrating COUPE in CoWoS in 2027
EIC (ELECTRONIC INTEGRATED CIRCUIT - 6am) il
HIGH-SPEED OFFICE & BRAIN G 2 SIGNAL PROCESSING

LOGIC BLOCKS

FCBGA CPC CPO
(Connection through PCB) (Connection through Cu Cable) (Connection through Substrate)

nE |
Switch. m Switch' m
]
(]

LIGHT HIGHWAYS) / LIGHT GATES

HYBRID BONDING INTERFACE
{ ULTRA-FAST ELEVATORS

TSVs (THROUGH SILICON

(PHOTONIC INTEGRATED CIRCUIT - 65nm)
- VIAS) / ELEVATORS

TRANSPORTATION & LOBBY

MODULATORS
SN 7 ; OPTICALISOLATOR / -
~ _\;? \ ONE-WAY MIRROR e
OPTICAL PORTAL / / FOUNDATION / INTERPOSER
FAU & MT FERRULE EIC: Electronic Integrated Circuit B

CPC: Co-Packaged Copper

Source: TSMC technology symposium 2023

> SHUFFLE BOK/ cit PIC: Photonic Integrated Circuit
LIGHT GATES s
LIGHT HIGHWAYS ROUTING STATION (EXTERNAL) Research =

HFEIR: Citrini Research, KV iF#

RN TSHC technology symposlum 2025, X -FEiFH
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BEER cro/NPOb: s B4k AH BAiAH H X- bk AR

WMFRAHE (MRM) : SR F, BRIV FTATLITHE, BHHTEROGLREHI FEMbRo, FAKERDL, RLEAE
(RTBEILHHABRAD) , TEAFEFHGPAFRNSE L. EFESES LA (WM = A
WA E B (EAM) @ B A TS e R, A TEMA ORI R K, KRR EEEE, FAE TR, RTAh4#EA0 TMRNA=
MZMZ 18], EMZMANF % . 432 2E4) (L2 A TGeSity) AT MAant A7 @4 £ — &2k,

Z . wAAGIAFAK, Atk PAM (FF5 2 tedd) F I 400A% 5 X, NRZ 6974 24K, T REHE KL T,
Ayar Labs #9% — /X TeraPHY %}, %% F K 32 Gbit/s NRZ A#H], HAH#OTEI 512 Gbit/s #94 %F.

F%3.5.1: JGHEfEE MRWEAMMZD SHHTE FI#3.5.2: Jeiium R 7 3 5 ONDM/ DWDMAI A 250
CelestialAI Silicon Photonics Differentiation ) , Number of % 4
Bandwicith Modulation Wavelenaths  Tensmission Type - CWDM/DWDM
‘ avelengths
< » % Ligh s -

\\\\\\

lilﬁlili lilil

IS T T W b i et 0N
Size (Area) _ ~225um? ~250pm?

(15x15um) (5x50um) e I |
E——————— | 56 Gbps NRZ/PAMA Uni-directional DWDM
Speed (Data Rate) 56+Ghps 56+Gbps 56+Gbps .o '
— T R o 112 Gbps PAMA Uni=directional DWDM
Optical Bandwidth  Optically Broadband 7'Na‘now§and{<1nn“l) | 30nm

EAM Thermal Stability

el > 85°C range with DC Bias 224 Gbps PAM4 Bi-directional CWDM
224 Ghps PAM4 Uni-directional CWDM

XPU Integration ~ LowBW Density |

BRI Celestial Al A F/¥iFH RN semianalysis. KFVEUFR
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YER : FAU R 0¥k AIR3RECL R R E AL AT, UMK IENALAZ S HPICA R T BRKEPICR B AE 54845694
HdrfEfrl g M FAUBE &8 —AN@4F A TagVAAME (V-groove) Ak, MELIET | Fe L 157], AT HATHE 2 AVA
A AR R LTI 3E 5PIC LAY AR A B SOk FiR 0 A JEL £ T,

DFAU: D-FAU & FAU GEAFEZ| 2 T) - Tdrdpia A, AFAUSPICZ BlAe NA B T Hrdpde 0, 4o BFAURSP3E R B3R, TTHE IR E
#D-FAU, EH#HDFTa9Switch ASICH K 5] %,

EI#23.6.1: JELTRERIHIT (FAUD [RI4EH4 [§1#3.6.2: FAUM S RE

PRODUCTS

.
Lid !

- FAC/SAC V-groove Microprism N x N Large
Monolithic Lens Arrays Lenses Lens Array

Rlbbo Fibo Molded Single Diffractive Microlens
ﬂ l' Lenses Microlenses Lenses Arrays
APPLICATIONS
2 < ey ———
‘S s
Optical Photonic Integrated Fiber Array
Transceivers Circuits Units (FAU)

V-Groove - e iy
B e - &—7}
FA ( Flw W) wss/ocCs Fiber Connectors gg;:’cascréggc)!
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YR B MAG T RS, HARIBEBEH LR FF; FAAFHALE R Z KB4, TEK. SF LG LT EE,
Rk ip: Sh3RAS = [MPCiEIER] = [E31% (PICHEIC) 1 =& [AZA K] = [Switch ASIC]

(Fs: ASICEIEY Ry WA 3-40h51%; #iE: SR EBAMPCH sh3f L 4Rk )

oS Y 1. TEHEK, LEBREANCPOINE., 2. B &, AT ELELEFEMAGEEME, FANSPICK T4 BM
KBt E: 3. BFHE, —RE RS LSRG (245 GFE7]) |, HRCPOR LIS T EENE K,
BIR3.7.1: il 52

[E1#23.7.2: + SenkoffIMPCTEJGEFRI PIC Z[RIZRER/ A EIGIE S

ot BifHE RIS / RAER -

I ; " , oo 0.6 mm
s S SERIRAE PIC_HRESUN BB IOSEIRIY um,
FE{""&*%"E*% MRS, MPC BOXDEBELRAT] TIRSISEE. (HIANGE ™ e
s +0.50m HER, A SH S ARG, :

=AMROBHIBIEAEEIEET™ HABTIST (FAU) ROBER
FEAERN 8, HI—PATRMIMREES B8 3.8um, MIZEKA
FRERBEE. TR

B CPO TRIEK, MPCBER pecopmocicr
RERTER 564 5. 128 CEEERREIA - oo D |
G5, s BURFEEEOE S

BRI Bernstein, JP. Morgan. K-V #iF3 AFKIR: Bernstein, AK-TFrEils
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Pl 4T : FECPOR L F A — A X LR AL, EBCIERARAEEHRAZ T, EFLOHRIKRS (Polarization) & ;

P RFAL T : RIBATBIALENIEI G ), FERITRBT, FEMARRIN AL )4 (Fsh/esh) £, Kkt
AL BEEA. TEHFEREMNBRS G TR,

HINIBLR: CPOR LT, §Fjﬁﬁiﬁiﬂ? (ELS, “eLumentumf§CWR A 3) K69 LA F 2 & lpk b, XK F 2@ TR LT E
WA ERIGELE R TAERAFRIEMA TRk, mREALFEARIALGRIRES EEFMIEZFRELE,

BIF3.8.1: FET REI A R 3 T A A 2 [E#3.8.2: HET CPO HEMLim 2 O 4T A 2R i

Reliably Small
Core Innovating High Performance
Fiber Densification
Cladding R, »'fi" Pt
WP
Stress Applying Part CPO FlexConnect™ Fiber

Bend-resilient, single-mode fiber optimized for
short-ength, co-packaged optics in the O-band

Inner Coating

Outer Coating
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LB KT OH RS HE R

HABEF SR RABCE, LRERBENEQGYEREEM . B8 B2 R0S2H 4 AT B ORI, HATIED ., KB4 F 5k E
Mg K LR ERAOMA S LT BMPO S 5F B o 4ESk &, BRI N85 . SF THEE, BENEMEFLC/SCH A& EER
5B HILRZBA, FBIMPOE R G Ao F ARARTE T T, BART BRI AT AL, E£HE, £RE. AERARAA
#, T X #$106/40G/100G M 2&, F A AR 2R £400G A £ &k £ E = 1],

BN B @, BETH AL BT —, TREALT . R RAMPOTAHIEAL N6 T BB P O &R T K, 8] 8 30k 1 2 AMP
#—FREF AR, FHANEHE, MBEFRIEF OB P SHE R, REIIE P OELEA RO SEET .

K411 A EEAR L) T BIFRe4.1.2: KA 1T/ MRSSHRMLR AU PO Skt gt

Structured Cabling Market, By Component, 2022-2035 (USD Billion)

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
W Hardware M Software m Service
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X LBAEH: K- AR, EHFA

R T oA FRALT o ZARIL, 2 ARE R L5 36— A4 Ko LI A6 S AR X

G.652D: H A RARX N34c4tss (MAER. 7)H TOR., BRX AHAE<80km) , 2H AP OHZLT IS ;
G.654.E: %Y DCl. HFEABF. A% BEARAEIE (80 - 1000km) , AT H A EZIKIE T @,

OM4/0OM5 % AL k.4 : MAE4E8E 0 - 100m 800G A AXALAREL, MPO A& RS H .
¥WEW: Scale up HRAALHILETH, ETIANAAEY K (Scale-Up) IAMEE YV ZHAEY & (Scale-Out) #92-31Z,

LATHLAEY R AL Z4201C £ 1, T ALY A TANL40-6012 % 7T (2028-20304F)
BHHB: BAT, 144, 288 Fo 864 MM OFEmAFTE, mETHARLKBHMIEF Szt HHIE T S8 H 69 R8T E T 5

1% K 3,456 %H40.

Pl224.2.1: ATEEREScal e-Out YE£F 75 R Tl

[E#24.2.2: G.654 RH| RIS 408 FH 53t

[51924.2.3: B00GHU 5 LB HIKTT ALK

Figure 11: Scale out fiber demand outlook (k fibers)

HEABH G.654.A G.6548 G.654.C G.654D  G.654E SEK
250,000 B BT
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1550nmBRRH 0.2 02 €022 <020 <0.23 ! 1006
150,000 TS = (dBfkm) 1 100G
100,000 PMDE¥(psikm) <05 020 €020 <020 <0.20 i 100G
4 100G
50,000 . I BHER <0 B <20 3 1723
= (psinm-km) 4 2006
2 2023 2024 2025 2026 2027 2028 4 2006
: & = : ; MEHE BHKEE ABSEWOM EEKEE  BRSER HHETE
Mlegacy mHopper MBlackwell ®Rubin ®Rubin Ultra ®Feynman :ﬁyﬁ ﬁfﬁ Em %— m 1 200G
1 200G
Source: UBS Semiconductors team, Corning 2026 Investor Day, UBS estimates
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KA : WPO-BEHAM, HHAE

MPO (Multi-Fiber Push-0n) R ¥4 0 K#8/12/16/24 BB EFNERS, T HEERSHE, T 2R T AR, MM,
HomEE T, RARACPOR %, RASBE T4, RIVFEHRHR, FHEEINEFHN.

MPO®8/12/24:% % MA&H A, 15 iE BLA00G/800GH916:% B 32 MHE 77 E 47 s %112 PAMA/PAMB 3% - 3t Bl i A AL e L5 e A /) B KR AT,
30 % BEMPO. SN-MT & UPC-F- & 3% & %) APC4A} 1 3% d F 48 o

MMC, SN-MTi@it 45 4o R~FRAFZLEFE, T —/AKVSFFZ SiEE R, MMCE & £ AMPO/MTP#934%, HUS Conec £F, HET. {EA.
T AR FECE M, SN-MTE & 29 AMP0-16492. 74&, WSENKO £ 5. #112026F 3 N/ HAL T B, 20284 F 2 i CPOMAL 3F F 3t A\
BRI K A,

FI24.3.1: MPOLOTHEAT £ RS i K1324.3.2: MPOIEH:2R F B
8-FIBER MPO Singlemode APC
(MPO-8) - Multimode UPC or APC
MPO16EEE MPOT6iE 4 MPO16-MPO1E MPOT6HE 34 MPO16RES

(EE) B+ (8%] (B%)

K = Hle—nH 12-FIBER MPO
(MPO-12)
TR e = I.;L et | ]
il ot _
al ' 16-FIBER MPO Singlemode APC
H‘r' '*I | - (MPO-16) Multimode APC
i | | IRt} | ]
E . ‘ |- | E 24-FIBER MPO Multimode UPC Only
(MPO-24)

R R K BRI R, AT

T 5ol 1% B L ZJE 69 Fo. 5T 4 ) B— FE RE TH iz
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BERIERFET H
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