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1. CPO & —##FH A LELTFERBEK

H o £33E (Co-Packaged Optics, CPO) R—FHAWELELFEREK., £
Wkt A T RS S R R AR A B Atz iz 09+ A E R e (ASIC) %
FHMERE—ANITERAN, BREA—ZNRORE L. LEERNRBRAE—F %
BTABITMANABZEEAZRANECFEERE, AR AR A ASIC KA ZH
WEEFRENRARERLT RIKNH#, REBARRAKBEALEZFEERESR
P AN T Z2RRKER,

Bl: CPO AZRNARKBEF CEENETEMESTE

Key Trend of Optical Transceiver Packaging in High-End Data Center

More advanced package (higher complexity), shorter

IDTechEx [FESIE) electrical path, high bandwidth, lower power consumption

2014 2025 2026

100G/400G
800G/1.6T

3.2T & beyond

Pluggable optics On board optics Co-packaged optics — Gen. 1 Co-packaged optics — Gen. 2
Asic T ASIC
PCB PCE PCB
’ . . Optical
(A5

Optical

Pluggable module Optical |l tic:
Opsc S | S
W-bump Engine u-bump

PCB

p-bump
FA KR idtechex 'E

B b4 R A A D H A KT RS CPO AR K. ARIE Cisco 38, 2010
—2022 FARKIE P SR L TIT TR T 80 45, WEWRM AL A 4
Wty 8 45, AALBIGAEIE I 26 45, KIHA BITB/MEEHE (SerDes) H#E3E
25 4. B TR O RB T HAL RS SerDes H K, HAEZEIIKT ASIC 24,
KOG LR A A H AL T IE 09k R %G T3 p ASIC o, A TH—FE
K4, & RiBid%48 SerDes #93EH A FH M) SerDes #4942 RIEIKn4E, Rk
AEB FZALEM LB TR ZHAH KR4 OBO. NPO. CPO .

B2: i ok E 3H1KT ASIC 3%

Power savings drives requirement

Niustminimize Architectural Approach to

-~ SerDes power Power Optimization
Co-Package Optics
' = o

Chip to Nearby Optics
SerDes power ) = H
increases with [ H
: distance o = = 5]
§ " Chip to Chip gl
§ =l 1 El §
E Backi P: re Copper Cable
) =l 1 1 =l
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1995 54k, T4ER XA AT L S 248 A, X T 454K A4 32 % /£ PCB
# %, ASIC a3t 1k b, PIC/EIC 5 ASIC % B Z Mty & & R it ty, AXKEKK,
FAXNAR, BAETZERREA, BERGAKRE KR, A2 FEIK, 2i@EH
HE K,

2018 SF Ak, ME LS (OBO) Hbatshty Asmur, w35/ w3 %2k k
533 ASIC /R 49 PCB £, 7+ H %33 ASIC 69w FHE?], %7 £ R PCB %%
31 ASIC AR5 %/ 5] &, B T4EHK AR 77 %, PIC/EIC 5 ASIC Z 1969 36 %
Yada, HEFB AT @A PR, BAT OBO CAE T AR T E BT
FPHBTEEAH TP, 4o IBM Power775 Zik4= Atos/Bull BXI Zi%%, B %4
T 58 A5, COBO BT R T — MR BEAF G MSA, @45X T N\l et %
Wi (BA) REBAARGIA, Fi8iE K5 T4 56 Gb/so

2020 F Ak, RREAIHFELSE (NPO), k5] %4 E £ 53K ASIC 4a4R
BT RFEAMR T, ERER—SEi AR B, 2R S Ak R AR R E 43K ASIC f=
K51 %, #HE OIF £ X, NPO ¥ ASIC Aot 5 Z 8] &9 K & 7T VAL %] 150mm, [ &R
218 AMALRH) /£ 13dB LA,

2023 A%, A Intel #2,Broadcom 4f ¥ CPO /&, CPO F2|#t—F F4,
AP RFIE (ROIEAFER) BAE L ASIC ¥ K BB —3 3 A M99 B, oaT
YR EFHEE L CPO iR dyg 2497, P £EH., F BARARAEE T @A
AT, SFEALLKRE (OIF), MBEAFKHA (COBO). BFEATFE5ET£
4 (IPEC) Ao Hit AL BKHE KA (CCITA) £ R 894404 %5 CPO 4R/E T
FESFT E A&, 4R4E OIF #L2, CPO ¥ KX 3| %A= ASIC #9365 Fk4]£ 50mm
R, FEMARFE 10dB LA, B THE 2EfM4E%IK, CPO £A LIK49T)
#.. 42 3% Broadcom #9348, T #4K XA 3 69 T FEAK 15pI/bit F] 20p)/bit 7%, @ CPO
R G0 AT VATEAK 50% A £, ik 3] Spl/bit ] 10pl/bit 497E B . 5 AL R &N, &
B At 4B X, IRZ%42T 40%. @i 2 AR 45 P 546 CPO H K,
TAK MR E3EHm 245, BRI Z RS 64%.

E3: CPO A Z2HRELTIEE AL

; On-Board Optics Near-Package Optics Co-Packaged Optics
Pluggable Optics ged Up
L (OBO) (NPO) (CPO)
2000 2018 2020 e | 2023 — :mrmi NNNNN
Filir Connectar jascpary M;\\ HSR+ DSP OE“E:X— :
(LK) ] Sabatrata o | Fiber Fiber
] (B, | | e
"] PatkaguSubstrate Ea  — High Perfarmance Substrate
Transceiver 4= i3 — EE N E
Front-Panel Pluggable Optics On-Board Optics Near-Package Optics Co-Packaged Optics

(0BO) (NPO) (cPO)

Pluggable Transceiver OEfEE High Performance Substrate  OE/EE

— T|ME
## %K : John H. Lau {Flip Chip, Hybrid Bonding, Fan-In, and Fan-Out Technology)
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2. CPO R EIM: REHAEXLLTIE, CW AR, L.

FAU. MPO/MTP § & K38k

CPO 7R BIAFAFNEEXMERABHLE, HRTHEATERTELAS
WL ARIERT, KA, DRTFRE, REA A TR LIE, CPO AL
SRR FRFER AR AR TERAT KPR F o REE R, AEE
AN A = | 7T S5 MR 3 Ao nk R 89 T K

MBHMRERE, HETRAS ZXBHERTHEK LR, /R CPO
ER R TAELIEWGIIN, REALBII, RIPCEAT EHELE oL E
AR

HRBUT®, HABIS, HFEAEI LA F 69 EML X% R e 245
M RA P E, BAT CPO K MAT CW A B aysb E gtk (ELS), —F @
B EML # AR SR THRFRA LK SE, LRV BAHm, F—FT@arBELRT
FHEES R B AR T AP, BRI BARS, CPO PRAEREALEH LY
R E, AEDH-TERARNSE (MZM). #3FA4E (MRM) S5 %; K0
B, FRAARIIZESES PR A5 269 PIN/APD A ® KM %5, £ CPO ¥R A%
T ARG R B Ge-Si ARMB mERT £

RRBAT @, WRIaH B  FAU 2B, 2SR BRT K305 AR
TR B, HREM T OESA RAEAEEBRAK, BE. FAEMRAZE R
MK, SR, HAYAFE TR GRS, IMERARE R B Ei, ¥
AR Bt —F RAL LR AR AEZSR, ANEAZHZZORRERLFRT EA
Regkiatam, METHAARRLE DAELKY

WX R TE, FATHEIRIAERTTE P DSP. TIA. Driver ¥ %% 7 Skt —
FER, CPOF£F CMOSEIC FZRAEELEF M,

B4: CPOBRMBEGEARERKEALEH

Conventional Module Design

-

=

~ e

<

Engineering and
manufacturing limits to scale

!

| Modules with Silicon Photonics

CPO for Scale-Out Networking

CPO for Scale-Up Compute

SiPh Chiplets in Module

%

PhyIC

Module Integration = First step Greater than 50Tbps of Optics Greater than 6.4Tbps of Optics
to improved scale Attached to Switch ASIC Attached to GPU

FH#k Kk : Manish Mehta { An AI Compute ASIC with Optical Attach to Enable Next Generation Scale-Up Architectures)). F i 447 5 By

MEERMRAE, AOAEEL, @35 N 2E S5 % %5 XSR SerDes, 5%
Mt e A E oMM, AEERIRMF L, CPO MR THARTHR T £ A Lk IR
Bk, FRAEIRAAIRG NI R T R AT EE R, 2604 ELS- A EH,
KA E-AT @R, R AT@RR ARG S AE AR L E AT EES,
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B5: CPOAAALERREAAEREIBREAGALE

Transition to Co-Packaged Optics Brings New Hardware

+ Transceivers are
within cm of optical
switch

+ Opto chiplet near
ASIC replaces
pluggables on face
plate

+ Fiber within switch
box replaces copper
traces

CORNING

XSR interface
co-packaged
transceiver chiplet
copper :
r— fiber ribbon

// connector (tbd)
PM fiber

electrical VSR now §§ future
interface

clock /
recove
- )

external

/ laser (tbd)
UL

pluggable

transceiver \

optical connector
©2023 Coming Incorporated 3

#H#&K: Corning FH

oL B G @ 8 13 I G Ak A B
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CPO #HH—MALZAHARNREK, BREAARM. T A FlidftRayA
%, MNBITRELE, Lith5 ASIC WEAAEE befT, FIHA VIR ZH RS
% (PE/OE) #& CPO #AK&H . LT ICPIC)A®F IC (EIC) Amii3%E,
PIC #= EIC iBid 3| 0w A 0k, A3 L@ LB o LB B2 A
i kt. KB HAZREHKPR LG LBLR AT E P LTS E45E 2] PIC,
B IRH) B AR S (MOD) B, #4128 a9iA% L2 5@ £ #H 2 B 4n
HF1E, X4Z5d PIC Pay L eiEME (PD) M43 A £k, £ EIC+, ©iR
FHBIHERAKRES (TIA) HAKRHAHELACLEEZT. RE, ©EEFHEIE R
@18 A EIC %% 2| B 4% ASIC.

B6: X3%ER CPOHAHZ—

T RERE

Source Source PE Destination Destination PE
ASIC ASIC
ASIC F ASIC ==
——EIC ) EIC
"% Electrical <!
Interface
1. Optical [ .
PIC Interface PIC
LD ¢ ~ "/ MOD
[—] fiber
1 ”IU"UH"UHH”M“\ I I 11111
Unmodulated Modulated
Laser Light Optical Signal

AL RLAEE O 111 11

#4t%& K : H. Hsia % {Heterogeneous Integration of a Compact Universal Photonic Engine for Silicon

Photonics Applications in HPC)

211, AFEFE: BABKARBI CPOAFIENIEMEAT R

HATCPO ARG E L 2B ARZOANRE TAAGBRKE L& AR T VCSEL &
BARAB L. AATERBRKBELERE S, CMOS TZE & KR A CPO X3 %w 1
BRRRTE

VCSEL 7 £ AR R Feth 77 @ ARSI B A MRE T AR H S, 2Kk a 3T
sk TAE KB, 2 F @, VCSEL BA L Fa9h4€45 (<SPj/bit), K ATiHT
100m AR LEE K, BB SMHt—FFARA VKL VCSEL, LA Z

REBFEIkm REFEKE. BEH &, HAT, VCSEL & A m #4495 44 25GBaud £
%, FlitRi4& VCSEL %)k & 64 38 e | )% é’JTa PEEAK, £ S6GBd 89T,
B FAa = VT 5 69 KA s, VCSEL FMIJ % S0GBd A 2 ALILSFm AR R, &

R LR AL B Bk 1§ T A RB K, 12 VCSEL #iﬂiEﬂXiﬁiiﬁ’l“ﬁ/\’\ijs+%}i
EJﬂ ARZEG R E, LT AELEDE VCSEL £ #4/PD RAELA 554

(~40um XMFE) FAKREEEH. TELH5 @, L ZHREXAETIHE, TR
R AR 7 B F W R AR AR AAAEE 7] (LGA) 335 7] 838 42 2 ¢p Al . 3%
# (PCB). ¥3E#h 5 4= TIA X E AT YL VCSEL #= PD 8912 E 2 X T &, b
Sh, @it E AR %818 VCSEL 4= PD, * & 4697 S Ande 47 P8t AT T 3K o
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%3785 VCSEL CPO XA fr K9 £ 2H LR IBM, &%, §Fi@fFT,
IBM #F % [2 4= Coherent T 2022 F#&7F & MOTION 7 B, 7 B &2 T 41# %x 69
RFH S, B ENEKEREEANSH, ZERERNT RTH 1.64mmx4.64mm 4975
B, RAECTERALFEH TR, AZRRS TREREAG T, €FT%
A . VCSEL #e® ik 4y (PD) % K 1% A flip-mounting % FH AW AR B AM L, £
RRKRET, HEINHFHEEREE, MOTION KK By h3Hh 4plb, 4 H
8%@BW(HM)R%%16;%%%4d@§CK)%%?2m0$%ﬁ,@%
990/1015/1040/1065/1090nm &9 5 # ik K 49 VCSEL %L % ; & i@ T 2022 F 5 8
\@%UPO%%%HM@@V%H%MD%% ATFEREZE AT (MCF) #
484, VCSEL A= PD HEZ| RS, AA4RiEBiE 2 18] 6936 % 4 40um. 1060nm VCSEL.
IR %) 35 F= TIA % A i@ 13 interposer #4% ; Furukawa @) VCSELCPO &% 75 %K F i 41
4 i@ i8 VCSEL #= PD %7, 3K % ﬁu TIA % k 9 #14zF VCSEL #= PD &9 M, X5
Fodl A% R AR AN A AR B, SRl e sk,

B7: VCSEL CPO 7 £ | TAZ4a 36 H 444

IBM HPE

m VCSEL amay
ZSGWK G -xL\oI
Cﬁ.xuv
,
" —

IBM HPE Fujitsu Furukawa
Electrical Interface 16 x 56 Gbps NRZ 4 x 112 Gbps PAM4 16 x 25 Gbps NRZ 8 x 56 Gbps PAM4
IC technology 55 nm BiCMOS NA NA NA
Wavelength/nm 940 990/1015/1040/1065 1060 1060
Laminate interface Solder or LGA NA LGA LGA
Footprint/mm? 13x13x6 NA 78 x 16 x 8.0 159 x 7.7 x 7.95
Data rate/Gbps 800 400 400 400
Energy : r
Consumption(p] /bit) 4l NA A NG
Bidirectional
Bandwidth 10.60 NA 6.41 7.32

Density/(Gbps/mm?)

FH# kR : Tian, W 5 ((Progress in Research on Co-Packaged Optics))\ I B AE F AT 5T

BHATERBARRLE TR LT RMAH, Al ALA CMOS TZHTABHTF
KAl b3 —RBK . XA et Fo it HATRM A (d= SiGe/Si. SOI %) 154 %
FAM, BRI T RAEAN T B e B (s A KRR,
BRI RME . AR FEAF), TLBZHATHATOEK. LN

ABAREERE, #AABKEL T ERECHEHAGAERIL, ABZHH L0

iE S B E LG & 0AE S I E Ak F 10/56
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TR ERE

A FTHARARSRE, RERAHRGEYE, ABRETEMFG KSR, 24T
BRIZEZAAZERE, BRE, KREAF®L A

MM R A, AAXNETERDR (PIC) ¥, 220304, Bd,
BE RN, EBOCRHF I L0 ZAS (I TFeETERAEET),
KAH S (R TFRE 5w TR, AN S (A Sar ez 5), (A1)
AREH (AFTHRRRKBE RO ZRHEELSF RN AEF (A FTAET A
AAA LR, AMABEE (f 7 5o RS EEKIER) 5.

YR LATCPO MR T AT E, AR RKAFNARBIEE S P&, o b LR
HFBAE. RFABE. BAYMF ARSI RIA, MK IAAL T H P b 2 AR
BT ESE, BATAX CPO MR EET TR, A, HEERFHALZY

ﬁ%o
B8: HATERGH L TAMMAN CMOS BT LLRALT BHOERNE
K
/' Va2

-
Bilgs

THRR: 2FRF (BAALFAERNAREEFE)

(1) ARHNBRAKRANE TR LR F LEOEHS, AL PIC FEATARE
RFERGTHBRNXESH. BATALARNEN3 dB FHETLALE 67 GHz A
L, STTRAEEHF kK 200 Gbit/s A LiE E &S At .

RERFF X, 2L PIC PayLLAFETIHAH T X, FELEGENETR

B, BotEmbRgt, ARG TR ANE L, AEFHOERAT, AR
& AT AR A AR 69 TR ) 5

Mt ERE, RETFHAEAESR P OETETRAMEL2E (QCSE) #9%
FOKOA %) B (EAM), i T A a9 p A4, Bal LRSI E 2 A THE ST RE KIS,
Bp @ it s e 3¢ BOR T IR R BT IRAZ AL R R MR AT A F, B a9 F B TR
ERAE LHERRTEN, BATREFARATEING, A FRATHLAEPN 2
BTSRRI RS REARAFMHE, FLRLEY LA,

MEMERE, BAFRGELAH S LIEDLH-FERAHS (MZM). #3F
BHE B (MRM). A 4548 R H 25 . MZM A B A7 4 5 69 AL 42 5 AN R0k 68 Aa st
Az, FHil AR KR H 400 TP 09 R L E AT R hg A A H HORAR S A 4
# MR ) 25 A A ISR EE M AR F] B P R AT AR 09 T ALRIEIE IR R R AR
K, EFRAFETALEL T H KT RFABRRS ik,

iE S B E LG & 0AE S I E Ak F 11/56



27 FiEEH
TR ERE

Lif-ERRANZERLTFRFRARSOBARNEZ—, —BBAARRS
T—REF/FOARL . 5G ARHBEN I LS R, MZIM R KM 2ATAFF LR
W5, FRARFRAT e R, 2h TATFERAE, R4EX (5 um 24R),
RIFEAFRE—MAKT 2mm, F5bRmhEGBRTALZ AR E DL,

WA Fo A s MR T 53R, R i4asts )y UL+ um 24), HERAH S
T B S B F(Q 1) 89 IR IS R AE L5 A, T AR IR Z 09 & s B B kA 46 (BRE
D), EARTRED> AR R %, BRMIREAR S Q FIRER KB F 6 R34 (3
Alde 100pm), #3EiRERL LD, BEAKBEERS, FHMIRE E0%IRE 2R
By, A B AR RRREZ A A B, Al S 2 ER%ER, B
WA TAR B K M AH — /NS HRE, FHEZ AR5 B8, 1254 54 a4 & F ok
M A 69 BAT R A ST ANSE O E A B4R R ¥R, BRRKAEE EXET A
AL

B9: AAAHNBELME: MZM., BFAHE, HEEAMARS

Lk g e RIAR S (MZM)

Top view [ omows |

WA 25 157 Ak A A H)
™, ™ Ty
L= fU=h =] i, 1y i
! Y [l o
= = = P O ——
==y = = — el ST ' —
Laser —— CWlaser | ||N | nphase-shift { \nphsseshift P | |Modulated
optical | f mﬂsmﬁ 1 T oplical
input 1 idatal 350 um s 30pm | - output
s - e ~

= = e ‘Grouna| V2 150 oo T Via |signal)
roun nms RN
'\ Py P T PN LT Ni Nig )
== (] .. o] AR T ) R S ) =
“Thermal “Thermal Thermal
S Daial - Data2 bovned DataN

#H %K : Min Tan ¥ {Co-packaged optics (CPO): status, challenges, and solutions ). F iR i & 4
s

Q) BERIATREBRALIZATHIALERALE A LA 5 RS
AREFTEEGRE, RAXACEAIFNRGXBER. KEE AT, FHALFL
T8 8 3 BARE AL AR A AT SR AR A — AR, R T RS
RT#F DT lum, $REATHRG AL MR 8~10um, AHXEFR TG E
FF T BB E M EFBE X OBEIA, BEBF AR EH ., TR A
BB, A LA F UL R AL 09 AR A AT S AR IT AU 1A B R AR 69 L
ABEAE, WF AL 5% @ARE AR AAMAR S AT T Ko

HmARE ML B EAEE R, RFRET EEEALE SR E AL
MR AR T BB E . SHEABEBNREZRBEFI) . AFFRTEKR, LS
BEREERBGFRTHATE, BEHEGEEIEEER. FIERL), T2RF%
BsnBmMt. HEABEHE—AH E@BRA ., RmBEA ., ZXEEH, BArE R

iE S B E LG & 0AE S I E Ak F 12 /56



27 FRIES

)R B R AR

AR A B A BT H B R AB/E ZAEF, REZRT D, AR
2K, TUHAEAEANESTEE, AATHEEMNK, oA RKEE, HKHK
B, #ABAK, TELSATER.

T RERE

B10: #=EAREBD MR BDBE AR XMBE AT X

E QA HBASE B B @ 55 @ A% A 5 ZXREMRRBE S
Si waveguides 810, cadding
Layer
\ BOX layer
Chip surface (Si0), cladding) it o Si sub.

KARAE S &

sio, 50 ym

!
Al tmm

TR RR: AR (FHRAPFERLE R AR FRIEFA AT

212, A3 EER: CPOBAKEENARRNEIEELX

BOHINEGERT RN R AN E, Kk, BRAREAAERLTOHR. &
FE A EH AR, L EERE CPO HABZSH, BhKER T QLK
HE, RABEGRL: i, REFE, SAEGEKRA; @R, #HLHPC %A A
FORR, ARBEHERARDRT; Ak, BERE RS HFRMA, REHEK
.

MEBRTERAE, AIERMERLE YN ERLHE, L3 %F EIC 4= PIC 7T A
¥R R FAE R R E R AL LR —AN-F & L(tde SOI AHR) R B #) & £ 5 4
Fo B AR AGLFEIEFIERANRGEEERL. LA EREHAA
PIC #= EIC £ B —A~% % % PIC 4= EIC Z 18899 52 7 1% K K445, A T RC B
] % FOA R, F AL AT T AL 0 R ok, H AL AT R T FEAK, BB B RTIAE A
BRI R FEF N FEHE, AARBR T EIC-PIC o0 L RERGVFA T, 2T
EIC #9Ha AR LR B B A%k 26, m PIC W RZ, Ei EIC #@% 3§ Extidt
8% 48T &, @ PIC M RE &, EIC 4= PIC Z M &9 K & £ 518153 K AR
A G AT F AT R T %,

MR LM ERE, K EGRMERREIZRRKE—FTHH 2D, 2.5D #=

3D 33, CPORR ASIC ¥ A A ER—F RHMER. EHRKE, CPOHAHK

WA #IAETLER, BATHEIEMARS CPOBRARNEEZREZ—, &

TR FEHRZE AR A ARG ER ARG ERTZHR, dortid il

(TSV). Z# % (RDL) . %)% (Flip Chip) . & & (Bumping). 3| %44 (Wire bonding)
FERTHEREMN, RAARIAARELGTIHR,

iE S B E LG & 0AE S I E Ak F 13/56
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T RERE

B1l: PE R F EQEEN RERRFHEA M12: CPO BR¥EHE A REHRITZELK

—— —
-EpE.
P e WM TT T T T T
& Inter tion —
a) 2 ion technique L i-base:

FHRR: BAEME (2.5DAD AL KB FERHAKAL ) ## %R : IDTechEx & M

(1) 2D PE CPO: 2D 332 H AT % s w9 PIC Ao s w9 EIC FHF E /&
AR PCB Lk, @i 5| &RAMAPERFNLE, 2D FHE/HRERH THE, 25
PE B o BT R R B A T SR AR R I AR T AR B R 69 AR, R 69 T E S kA,
e FHEAFRE, 3| &AE R Z 52 ETRASHIA T, FEIEKE,
RO 5] &4 58 % 5 2R GHING, AAFSA F kR Z 18 2% R A% B Z 1]
a9 MBI ELE, BHHFRA T AR

JF 2D PE, PIC #= EIC A& A5 A4 (Tik) #t—% 5 ASIC %A@ M o
bump 3 C4 bump HHe 5 s A B — 34 A4 L, 4%4%é-+ AEAMAL B BGA (A%
7)) IF k%4 2| PCB L, 3 b 3t K AR T H 424 TSV Interposer & Organic-interposer
Fi@ iy bump #4, TFR T Interposer A= PCB Z 18] F38hm T — AN E KAk,

B 13: % T 2D #% PE 4 CPO

2D heterogeneous integration PE 2D heterogeneous integration ASIC+PE
EIC PIC
ubump
Optical Substrate (Optional)
pubump or C4 bump—+= ] +—— pbump or C4 bump
fiber &l Y lw'wml i
EIC PIC
+——pHbump
oAsic ] Optical Substrate (Optional)
O " == SRR

EIC

«—— BGA Ball

EIC PIC

ubump

«———pbump oasc Optical Substrate (Optional
(c) Hbump E 09 ) - Hbump

Optical Substrate (Optional) £ Copackaged (14 SHORIN ) . bump or C4 bump

Package Substrate

| «—BGA Ball

##+ &K : John H. Lau {Flip Chip, Hybrid Bonding, Fan-In, and Fan-Out Technology. F i iE & #F 50 BT

(2) 2.5D PE CPO: 2.5D 234 EIC #= PIC #4814 & + 4~ & (Interposer) .
@i P A& LAy B PIC A2 EIC, ¥R 5T 77 893 KA AM & PCB M A8 £ .2.5D
E R ERTAT 2D %ﬁiﬁw 3D i, RFKT 3D Emst#, LB THES
MABERRG S, F5HREAAM TR, 25D HELA LS50 L% B LK)
#.o #Fc%}%ﬁfrm%«fa}#&éﬁ#ﬂﬁmﬂ, AT 25D HEBRTH-FTH A THL
Interposer #9 CPO. # T A #L Interposer 49 CPO, # T 3 ¥ Interposer #9 CPO F= & F

F 5L R EL)E @A S B AR E R 14 /56
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PBARZ SR LEMAE (EMIB) 4 CPO.

T RERE

#E K Interposer 7 0L35 A LR S H Ao By 3. A LR AR H 69 K
Interposer A Al 22 b A Aw TH KR, TAFRMERZ DR T LEXR, HEREES, TUAE
%7’0‘%*)% %*%FglﬁiFEi%, HeFH5EA MR, RBKFLERE D, R

e , e THM; 5—F &, #X Interposer R AHERHANAELZFA: (1)
ﬁkﬁr‘\m, TSV & FRR SR LY, -l E B ANBG EFEFERR; (2)
WAL £, A EFFARMA, A EmE T, 55 54 RMHA REG
WAL, FERASRERRILE, FRETTERKE,

B T AR A A e d) & T @ @ i E R R 69 Pk RS m ARG IR, B3R A 69 7
KB #rh, A FMERT, ASIC. EIC #= PIC ZI84& Al p bump/7L b 549
Cu-Cu o4t o ik 4E 0y s %42, RlBF ASIC. EIC #= PIC 4£ Al 1 bump 2 C4 bump
HAER| AR

EMIB &34 Re&g—Ap 2.5D #FEHK, @3 &AM T 8 NF A % E
JGil Bk, FIEIILE ﬁ']‘?’:%%ﬁﬁ”‘/ﬁ%%}# 3% (mep) WFMER, H
TEH A4S A F R O T AR S Z M 6yi%3E, 4Lt interposer &9 CPO, EMIB
%7 TSV #HERFENEFTTERRA, FALEAL @R, BRKIET FPGA 5
AEFEAZAGEZHR, HELEBRE, LHZRY THERT, AZEILRAFHE
Reay-FH, AAEFNNERE, RNEZHFHHITL, BT HESK 5. 12 EMIB
MR e AN ARZ RSk B BB R A 4R, H EMIB 3% &40 T ik A /& £ 7,
18] 4= FPGA #= HBM Z X K B 69 & A At fehlid T A4 £ 5, Wi F 2 5% K
RHOF— RPN FA,

B 14: #X Interposer 7 KR a5 X2k

2.5D CPO with Si-interposer 2.5D CPO with Si Bridge

Si Bridge
/

Hbump /f \
LI UL EERE  gus mr;_hacﬂ
pbump or C4 bumps—= <——Hbump or C4 bumps

|
- | ignal Fiber Co-Packaged Substrate
o - Laser [EEpSis “ kag I
- a
u ASIC/Switch § 5%
| E 4 § §
; - i o
PD -5'9"" Fiber Cu-Cu hybrid Bonding Cu-Cu hybrid Bonding
| Si Bridge
Heat Smk Heat Spreader S pbump or C4 bumps—= ElC —_ < nbump or C4 bumps
iber Bloci .Packa bstm
Heat Spreader/Sink o aadisl «——BGA Ball
. .
nbump- H q& nal Fiber
Thermoelectric Coolor
Dummy Fiber C4 bump Hbump ubump
Package Substrate ﬁi \ EIC / \“
C4 bump—+ <~—C4 bump
Solder Ball (c) "IV Co-Packaged Substrate

«——BGA Ball
PCB

##+ &K : John H. Lau {Flip Chip, Hybrid Bonding, Fan-In, and Fan-Out Technology). F i iE & #F 50 BT

VR AU mﬁﬁm%#&ﬁfy%ﬂ BEARAK, TEHEHE, AL
HAKTF 69t 3, Ao TRt 6 RC (JAA) iR, 25 P LR AKEZY
%ﬁm,ﬁg&g%%ﬁm,ﬁﬁﬂ%%ié%%%ﬁ;&%?%&m@&m#%
%mo

iE S B E LG & 0AE S I E Ak F 15/56
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TR ERE

M E Lipac 2 8] £ 2021 4 7 —#7 & T FOWLP B R 6947 & 34 CPO 44
A, PIC #= EIC #k A2 3% A AR B AH(EMC) A AR F , i 12 RDL & % 3Lk % &% . FOWLP
HARF B TR DRSFHE e RMELE ZR ), AR TAEZRA T @EA KLY,
BRI RAEASRE T R F 60 BT A, PRUD TS R SR A R T R
KAl LR EEH, B—F @, FOWLP AT aiEhBATH., mA. THH
KE, WHETERARKRY R, Ol BEMGSHE L, RAR B L
Rt R8RSR 7 2T BL S Bk,

B15: A AL EA R A AR A F16: FOWLP @it B &3 &R RFHEHR LM
R

MEMS guide pattem light output  MEMS lens

A |

\ \ [

| Y
- - -

via
- R =
Tt T e strcture EMC
g 4 i L& =7
g CSEL b oA ®

(@)

QU EIC SEOPIC

%4+ % K : John H. Lau {Flip Chip, Hybrid Bonding, Fan-In, and ~ ## % & : Tian, W % {Progress in Research on Co-Packaged Optics)
Fan-Out Technology)

WIEMAEA SEANE, KAHEN A L EFEfE G RTREN, H5aM
Ak, B HRBEE LK, LRE LK, HIBYHRIBIK R LT LS Si 4= PCB
WARCEL, BV RANIRG R, BRI IBEART A AT & K RT3 R 6y i
R, M mBE RSy R R AT S,

B TR B A Al S, K IEBIL 3D REHKKENEE —LE
s, B3 (1) HDIA TGV E7T AR EIBH FHEEEE; 2) TGV F
ZHREMRAHRK, 5 TSV AR, TGV LA KB % Hi@ 3L, vy REf ik A&
¥amy )G amAtart, BT HEBEBAFE, FFRNEE (e Cu) HREIKE,
BEHERIIBEME &R EZ NGy E, FREEZEBLEERKE; (4) HIBNK
WA E, RIWEEF ELSENHM T E, B89 RHL, 335 Interposer 9 £ B4k &
RAAEDZGBH TR A B AT S KA F 7 o

2013 5F, £ E{A4 23 T K5 A T 08 335 Interposer R I T S HEAE . & FE MW
CPO, &R AT —3 150 pm F69425% 335 Interposer, PIC F=3R85) % K A TIA 18]
R A H I Interposer L, i@ 1T Interposer £ 89 A ALk LK £ 2| Interposer H & 89K F
¥, Hoktams, w4E 5l iE A 55 Interposer LA 4 EEIL (TGV) 3l.

2023 4F, Corning 23 7 L4 Kk F oM IBEM, AFI A EHE, HIHEM
09SO 465 B0 (TGV). SIN B F. ATH PIC 5 SiO2 & 48449 48 4
ABEBA KT EES ., EHIBEMR EE R T RDL &, YA chiplet Z 18] 3 7 %% ¥,38
B, TGV #3k AT efedzn, Bl —+R LA SO HEERGER m THAT 4)i&
Fath 3, 54 Huit)& £ 2.5D Interposer 3 EMIB B & A8 b, A T Ak [ AR 3 %
Ko sosh, HBARERTHBEMA G TH-FEHTF I JOX) Ak F, BEBET—
ARG R F D, AFI R PIC AR S454, UFE TR B4,

iE S B E LG & 0AE S I E Ak F 16 /56
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T RERE
B17: 3 3HMHRZ Interposer #94K R 1& & 414 B 18: Corning A8 3t 3 3% Interposer
Optical interace —
e 10X glass waveguides Ve
!l' r“' = o ROL Recepade
oo
® = ﬁ P A PC
’ Capability to . Glass is stiffer Forming at [510]s) o]
Low E(I::sl:nca' dellv%’T’E:mple ﬁ::';l;:c'i:'; Co:r!gpaa;ie:slo thlg::zlsss + FTE
(@
y S ’ S . (3lss packaging substrate
« Improved signal « Improves reliability + Smaller package « Better flatness * Better BGA {0( PCB altach
isolation « Offer range of size enables fine line yield/cost
« Lower insertion CTEs from 2.7- + Fewer metal spacing « Better quality
Ios.s = IeS§ power 124 Iaygrs, resulting in and efﬁlciency L) ]

FH# kK : Laakso ¥ {ThroughGlass Vias for Glass Interposers and ¥ #+& & : Laakso % {ThroughGlass Vias for Glass Interposers and

MEMS Packaging Applications Fabricated Using Magnetic Assembly =~ MEMS Packaging Applications Fabricated Using Magnetic Assembly

of Microscale Metal Wires) of Microscale Metal Wires)

(3) 3DPE CPO: 3D HEHAMACEA#TEATE, TR KIL LN
%R, THNLEEREARIFHSMMERE, LRFAZIKGDHE, THEKR
S An B A GG KT 3D K 49 CPO KA A B AT CPO KA 0oy B feds 4,
IMest) LR A, PIC #= EIC 8 %4 3D M & A F 42 1 bump. C4 bump. Cu-Cu
I %%, TSV interposer. Organic interposer. @3 @3 &, H 3 HH EGHT|H 46,

A19: AeEHELIDHRH#TEATE

pubump

Wirebond e - EIC __TsV-interposer Cu-Cy hybrid bonding
) (O () Lipump TSV (i) pic e
- Fiber B PIC Lber R mepesgr T
ubump or C4 bump 5 g
Cu-Cu hybrid bonding
Fiber
PIC —
EIC
= . f ElS . ) el Rols ==-==] Organic-interposer
/ C4 bump or pbump Hbump ——~ | 5
ubump E PIC Eiber
wbump or C4 bump
b EIC o
pbump——» . Fiber
(o F PIC
(c) z PIC [Eiber (g) ubump— iC
o
pbump or €4 bump %ﬁ nferposer B
§1me  f
pbump
Cu-Cu hybrid bonding
@ \ EiC . pic e
-—— Eiber ubump——» .
2 pic (h) . ==L }Organic-interposer
pbump or C4 bump i T EIC £
pubump =

## %K : John H. Lau {Flip Chip, Hybrid Bonding, Fan-In, and Fan-Out Technology)

AT 3D R F %, ASIC X% R Tilid Interposer/ /a4 5 A 51 & L AKX,
R FH AL P PIC 48 A Interposer, Fill id £ & B 5A= TSV FIAK-FAo e A 09 ¥ R Ik,

iE S B E LG & 0AE S I E Ak F 17 /56
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E20: 3D #HE ¥ CPO B A ALE B AAF R B Al

CPO based on 3D PE

Si Bridge
EiC ubup  /
Optical Substrate (Optional) pubump or €4 bump—» «—— pbump or C4 bump
ubump or C4 bumph_a—i,, pﬁ . - (, - ubump or C4 bump i ]
I © Co-Packaged Substrate < __BGA Ball
(a) BGA Ball (a)

EIC
Optical Substrate (Optional
® 206 066 - 8GABal
\
Optical Substrate (Optional) Hbump — * | ~—— Hbump
= 5 - 4 pbump (<) | co-Packaged Substrate (Organic-Interposer)
(c) i PR b or 4 bump — ubump or C4 bump

__BGA Ball

Package Substrate
III IIE Il'.iBGABaII

CPO with PIC Interposer

-

L ]
©0 0 6
(b) (c)

—

— fiber "85~ 55~ 8 &

]

[
®® 66 6 6
(e)

# 4% K : John H. Lau {Flip Chip, Hybrid Bonding, Fan-In, and Fan-Out Technology). /& % #F %t

F 5L R EL)E @A S B AR E R 18 /56



FHIRUE S

T RERE

2.2,

Xi%: ELS £ L 3TA% CPO & At

BaTshag bk (ELS) RA#KX CPO #EA#k#F. L TAK CPO, T
FHEV R R 9 e A LE M R E AR B AE R LR, Bl eTs
PR S AR E BARK InP/GaS MY F FARRA S . B AT AR CPO Rk
gk (CW) BB AR FEIRINE, 15H &% ARG INE THEK L T, XAFR
BERH TR E: —RFAT HREABRAGT 2 i TR AN EF; —RHES

AN B T SR R BED, AR T RAEAREHE;

REBRE, do R BRI LA LRF

B21: #% CPO &% A ELS

ZRSMEAIR AT LA

o e |

Heterogeneous Integration

+ Wafer-Scale Integration
+ Lowest Optical Loss
- No optical isolators

of lll-V on SOI - Close to ASIC: Higher Tj
- Not serviceable
- High R&D investment
+ Existing CM Infrastructure
3 . + Moderate Coupling Loss
Hybrid Laser Attach = + Less Scalable than III-V on Si
on SiPIC SiPh PIC + Efficient Native InP Lasers
- Close to ASIC: Higher Tj
- Not serviceable
+ Existing CM Infrastructure
+ Efficient Native InP Lasers
External Laser Source . = S + Low Tj, Higher Split Ratio
(ELS) + Reliable, Repairable

- Higher Optical Loss
- Limited Scalability

# Ak R: John E % {(Performance and Reliability of Advanced CW Lasers for Silicon Photonics

Applications)

Wil Efegh 3R ELS 09 R BABIE. HALREHN CPO B EHZ—, £ CPO
RAPSK B L R LTI 10-20%, 4% CPO F ELS 895 Ak £ 36946 A 4%
A, F LA F B LG ELS a4 b 20 R AMZ, ELS ®di /¥ L £ XL @
R —RAFNEEBIE. =R CW #EASFE Rk, = AL EM4E,
FHRF B ABEPH. AT RESHGSME AR ER KA AEGRARE,

o, A HpE (TEC)

B22: R R ELS 89 K440

AL A ) RO BIRAER F AN RE,

Ay=1270 nm
4,=1290 nm

;=1310 0m
12

o Ac13300m
(&

ELSFPblind
mate connector

+ ELSFP

JITTTT T

KB FE MR TE T
=T |
Erk% Té’O."
T T

p——

TP reguiremcnt rom 00 pluggable MSA® 0248
Minimum-optical power per fiber 218dBm
Optical power per fiber 20dBm ~ 1.2.dB margln
Optical power per laser E‘" 5 4B coupling loss
*TDECQ=14dB

F# &K : Min Tan % {Co-packaged optics (CPO): status, challenges, and solutions). FF IR iE F5F 7 BT

S ob A E B G B 64T B FE e R A R
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27 FiRiE %
TR ERE

ELS @4 &%, KR FE. KAHET AL E. EEANELS = &ikitd, e
RKOtErt B RAFERRE R, ARELEBS, CRAREHAMS, AP AL
77 &, CW-DFB # X B 152 B AT CPO # K RK I E LR LS. B EF &, CPO
FEMBEAFEES A 100mW 3 A FELBABERBLBEALEL, R
CW-DFB #A S B A E T ZHELIEE KA ERELE, ROl0FELRFR
FEEIEEATCH, READEAZGHIZRERLAMMAA Z LT R TG
BRREET R, SLARBRBIERGHEEGERLEO T —ANEARFNE, ATHA
NH, CW BZALBROE LRI ET 2 —FRSG, "AEHE TEC AT AL
ELS 74, RIEHAZHEELBZLTRRE CPO RRORLMETEL —, 2
02 1 FABEITLAREMEER T ELE— K> AR % RIML {CW-WDM MSA
Technical Specifications Rev 1.0), 3t & Fa X k- F¥ a3 B E L E RS, AFHH
Fe NTIF RS AT 0 MG Sh B R BRIAT T 05 69HTE . B KSR 09/ B
RBARFHRERE, HE, KRB, K, 8B I, SIT/HEEK (O K
B, metastig gk E (RIN) . RAKECE R AR FAMT A 2K,

BE23: AR ALHBE-ANSHGIFEREFA E24: CW-DFB #AB R HAT CPO BARMKGIE L
Loss mechanisms in CW laser diodes Tha s Rear Front

Slope efficiency

Efficient electrical to optical power Spatial hole burning

conversion is a multidimensional,

nonlinear problem

+ Output mirror loss or DFB grating
transmission, longitudinal mode
profile

« Intrinsic loss — scattering loss,
doping profile, free carrier

Electrical

360 um

Bias current
Leakage current

180 um

Output power
quality, non-radiative recombination Selt-heating

+ Series resistance — blocking

structure, doping, self-heating e g &
+ Current leakage — heterobarrier
(SCH), blocking junction Barrier 1.05Q AlGalnAs
Thermal Gain well  1.29Q AlGalnAs

* Gain saturation — longitudinal mode
profile, optical confinement Bonding config. Bandgap —————————
Thermal resistance

absorption
* Intrinsic quantum efficiency - MQW I Junction temp.

+ Thermal — thermal resistance,
reduced gain, bandgap shrinkage wInGaAsPUESEANE )
PSR

wInP $3E

F# &% : John E ¥ {Performance and Reliability of Advanced CW  FH# R R: 3 F (AT A BEAFWZAHEELLDF Bt
Lasers for Silicon Photonics Applications) %)

ELS EA£#ZP iR BAT CPO AL F 43 ELS MARAE 2 L8 £ &H /M7
B, AR OIF(R LB 3x) € X 4 ELSFP(External Laser Small Form Factor
Pluggable)#=; IPEC(E I+ A ¥ £ i1 &) L 49 PELS(PluggableExternal Laser Source)
#7/; CCITA(F B+ H AU E & H A B 852 L4 ELS(External Light Source).

F£ OIF 895h B A RAT AT, ©&4d 7 Bl ELSFP 892 L, IR TAEAINE LR
3k CPO # AR A IRIL, AL SAT (AL IR —M)3E A T — AN E S
TTAAEW CPO A% 5| H A3 TX A= RX 125 3| h 21 AT3%, 1A L@ g
A, MY T E2AAMEKR LG TX /o RX AEEE, FEOTHERAALRGER IR, B
A7 AL ELSFP 15 A £ — 2 5 8, 4w R Al A 4 Ao AR L 4F 2 AR —AZ 89 R BAK, JL-F
T M ; DR4 A2 FR4 B Al B3] %k 2, CPO 5] %Lk colorless, BLE F
EW NS &

iE S B E LG & 0AE S I E Ak F 20/56
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A7 R AR

E25: OIF X7 ELSFP 474

E26: ELS-DR/FR B &b A5 e

Press fit host connector
/ ? Riding heat sink

Separately applied connector and cage

HE
IfedE
LOIfFRE
Lo®
BE

WHANE

HIEREE
hiE
KR
ABES

ELS-DR ELS-FR
QSFPDD- modified QSFPDD- modified
0~70°C 0~70°C
TEC semi-cooled TEC semi-cooled
81 (—f@module) 41 (—@module)
1310nm R CWDM ( 1271nm~1331nm ) R
Min : 18dBm/lane Min : 22dBm/lane
Max: TBD MAX: TBD
HE<1SWE (W5 ) BE<1SME (WS )
<0.5dB ( £MED ) <0.5dB ( £MED )
<12W <12W
modified MPO modified MPO
HeBONEGE

-4k % : OIF External Laser Small Form Factor Pluggable (ELSFP)

Implementation Agreement)

AR

GSA {CPO B ikt 5 h k)

sl A B G & 09 4E B AR A ik B R

21/56
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23, AFEHK: CPO ARBKTHRT RN ARG RAAL ZHES

CPO AL B HWAZ LR CPO B — K P, AHRLEKFE, CPO R4Hy
FI R EA A RGBSR R, CIERFIE, ASIC 33, k%] KAKRE
R CIREIAM, KA. BEAFAFARINEARF, £ CPO N3, AR
NMUE AR EGIE S, m R KRR AR B 2 UM R I TR AR ASIC 048, K51 %
%5 B 4 ASIC X E, CPO M3[E k%12 £ 2t R M E 5| % 2] CPO pLbLia A
Ay ATEmAR, HiEE T EREERAARINRET. REFRHAREENERZ RS
Koy FERE, RRGRTRBFAALHFAINENTE 7 a5 7 LN
A EE—F AN, RASER AT, #FEEE LS HIHBEBIIR,
KA R 7] 69 52 ) VA RABR IR iR B 09 A

T RERE

B27: CPO A E4X 205 E2 T EHREREZE E28: CPO WEALTREAEHAN R LABRE R
P |

Top View
Optical Connectivity Considerations of 51.2T CPO Switch

Fiber-chip coupling Fiber cabling & routing Data and external
laser connection
mid-board
m lll |l| Iu i connectivity (tod) i

32 x MTP-32, or

DR4 "" 52 g Bralois harmass A00G-DRE 54+ \7P.16, or
- = =
"
-

DRA - 1024 Fiber g:; Mgg{;t& e
-
,,,,, o-=-,=A Switch 1 t— - S [ —
o —
E i E i 16 % MTP-16, or
= ! FR4 = — A00G-FRA 46« MMC.16, or
FR4 o 364 Fibers 256 Fiper 128 % MDC, or
i { |
. . 3.2 This afo /‘ ; ' , 1
Faceplate Optical Connectors 3 B e ‘
I N N RN AW RN AN N NN ‘ .
| P R R P R R R R RN R R I permanent de-mateable de-mateable
L A R i i i a8 i R 0 1 0 B I CORNING ©2023 Coming Incorporated 4

#F 4%k : COBO {Design Considerations of Optical Connectivity in ~ ## % & : Corning & M
a Co-Packaged or On-Board Optics Switch))

(1) AZI%3%: RF|ARMNELTE, TRIA L5 30 TR,

PR, R REA CPO KAL) R R F TS, M4 CPO 9435 5 &
HEA, AFESH.

WG TR, ©AHHIBF BT EA CPO AW B O4EREKREN, ZHE
T CPO L) AFERALZZEBENLIE, BLFELIE, At ABRE
EFET, ARS T RERTIEN, T RARELSF ZAREIRRAR, FIR
. SR S ek, (2w AE R T A EAN R E AT, TR ARRE 5 T

AL BHE, BFBIAFNERREAFZNGLEEZRERL. FALFS
BEg—F T ERAAINER—NBEAF RpE AT ERESR (BT RLT) EARAE—A,
BT ARG RGERABER A&, Rk AERHERBEEE; 5 —H 7k
AKERAAEREREI AN ET, HRTAGFEREREALADAITFRE THHR,
SR XA EAM, AR RARERF EESR 5 RS

iE S B E LG & 0AE S I E Ak F 22 /56
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B29: AFIEBORYPBASAALIEFTE
B S TH ARSI B

T RERE

Gegarable From Pural
Opticnl Enginn

| T S —"

| Ewilch PCE

WA T BB RIRRASE _

Opticsl Engies apsratiis Optizs
ASC with Pigeall Connettar
Switch FCH

WAE G B IEEAIR LI
— me m Optieal Connustor
el

[ Swltch PCE

F#F K & : COBO{Design Considerations of Optical Connectivity in a Co-Packaged or On-Board Optics
Switch). FF IR IE AR A T AT

AAAIER T ERFHEIEL (FAU) #BAOSALNSEE. %7 (FA)
AIEALT B — R G JEHE P B AL R R RS, A ASFagEE. &
FIEF| 0 A E S RGTIES] (SFA) Fo % R 4F1455] (MFA), %7% FA 69614535 & %)
WA ER S AR Z A6 E, FE2—AMREWRRSAT 24, RFERNGEE V
AAEAeg3E V A, @A VAR LREEINR, A—AFEGDIIER LA EN
VA, BLBEEVAEBHFERALREK, REFmBMERTA AR, Kt
Ak FA #I4E, M8 % A FHFA . 45° &t FA . b44 90° FA %,

B30: AHFEFIHAHE T EHZLER F31l: A5 %EE FAUABS LA B

Fiber Array Units (FAUs) & Assemblies

Lid + High performance and reliable fiber-to-chip coupling for:
B , Transceivers
" o Wavelength selective switches
> o Co-packagedoptics
g > Rlbbon Fiber \ o High performance computing
/ + Wide range of channel count, fiber types, core pitch & terminations
I + Highly customizable on alignment, glass angle & cable assemblies

V-Groove + Supporting edge and surface coupling, as well as 1D & 2D configs

+ Innovating towards improved density, footprint & tolerances

FA R R ofweek B H #At%& K : Coming B M

(2) AN E—RERKR: FELRKEGALARBRENRFIE, BAKAY
T RAR T B e b7 6 R

PHRMRBEALEMKIFTR: Bidf OF @R AE I — NP RERLE, HR
BEAP KRB RE, BARKETARD 2R =N, TR EAaHRE
Mg, RAESI S g W aliE, HFIEER ] Efe e RABRRIG, 5 —7
&, %7 RA A A BN BOLIAE, b TR AR R RE e, CPO
AN ARt IR BN R AT R S A R B TR T CPO Mk 77 P L2ty R 8ish,

iE S B E LG & 0AE S I E Ak F 23/56
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FLEERE

LI T —AREEL, TUMER P REBRIL Y THITH AR R EEE, &%
AKX B 3 B 09 20 3K e 2 17 A8 R 0935 F R K,

A32: BLIATPHR/MEALEMEGTRERBHAZ HE3: FREBETARS A TAFR TR FHY
ERHAKERF A (BRI BN

| one Pigtail option | | Jumpers in Multiple Length

—iis
—

Q@

______m

| Internal Connector Options | ical Fi Ferrele Optical Fiber,
B T =
&
Micro Board MT Board Micro Ferrule
Mount Connector Mount Connector Connector
4 ‘
Faceplate Faceplate Axial Spring Alignment Sleeve Connector Assembly

P o B E...q
.
woramt [ o] U &= o e
B = B e

ot [} O R OB O

Patch Cord. Patch Cord

F#t & % : COBO {Design Considerations of Optical Connectivity in 7 # % /% : Edward Simonini % {Expanded Beam & Physical Contact
a Co-Packaged or On-Board Optics Switch ) Fiber Optic Connectors )

BAHERERZS @, TTR#E—F5IAALLE MM (Fiber Shuffle). FKE
4 (Fiber Ribbon). X 8i48% (Fiber Harness). X4 # % & % (Fiber ribbon
accumulator), A AEEFRRBFALGTRER., L P LS EURRET —F+
877 AR EREBMR LR T BB FALL, FREMELT =0, KAmGET
FERXETHUR, R CATHSL, TUARES ZiLH,

B34: A ARG FHRARER B 35: @Ry RZ AL TER

D 51.2Tb CPO Ethernet Switch Many fbers | Gonoonieq [ Reliabityand | | ConiaetJonds
emo on 51. ernet Switc (hundreds to E\r}, onges ‘%’\ manufacturability :L mavn:g e;;n ’

| thousands) considerations |

- T Fiber Shuffle with 1152F (1024x SMF +128x PMF) on Thin Film Flexi Circuit
| | Controlled fiber bending radius at minimum or above tolerance
f—— Standardized fiber length from COBO/NPO/OE to Mid-Board

Fiber harness Fiber ribbon accumulator

Yellow colored line indicates 32x Tx SMF with MXC® connector
Red colored line indicates 8x ELS PMF

Blue colored line indicates 32x Rx SMF with MXC® connector
MT interface for PMF (Polarization Maintaining Fiber)

Mid-board Connector for SMF (Singlemode Fiber)

Backplane Adaptor Interface for ELS (External Light Source)
Blindmate Connector at ELS

MMC?-16 - Very Small Form Factor MT Connector : )\\j‘\ \

e

EL\,; 7l

=
=
=

FH#REK: optectechnology & M #F#F&K K : Corning {Deploying Robust and Scalable Co-Packaged
Optics Fiber Infrastructure). ¥ /R EH AT 50 B

F 5L R EL)E @A S B AR E R 24 /56
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TR ERE

(3) ELS—# 35 %: ELS HAFEMHERRFTHA 3 A LA REALF
(OBO) &t il RF R M ATAR T HE I Z T CTHERBLT) Foip B 4632 R 4542
B AR T HEH T (TR T ). =4 ELS KA b 9 —Fb#pie A — 84845
(PM) ke kEHE 5]

Rl TR —FHAAL, CRBEATEE LR R AT RIAGBIRKS
AP KL AR e R A T MAE RS AER AT RIIRE S H T BIE F
deiB B B WA difh F i A AT, RABBRE N B AT E S A
KRR BRSO SR, Rl LAARMGLABEO TR 04, HRA
ARBR AR AT AR & B 09 TR IRAE SR 1R I LR A 49 1h IR K o

P X409 TAERIZA FToUr 4L %, @t ey Rar a2, 31T 3Ry
BATHE, AR TR B E N AR SRk, F TR I 20K R AR
A, M ERHAMEQER ., ARLEA F AR A S AR R TR P AR £ 258 i AT A
HRAE R E SRR E, HAARS, SRS RERIRS R ) A,

A AR @ s 5 — bk sk, o RAB LA B9 2 R AT S, B H54REE
AT L, KRB LT Rlo LA et fe 2R L IO F ZAF A0 RAE, A
PRt 3k 25 69 E 43 5o

F36: ELS BRGALAZRAINE H37: AT AMAL PM A4FRTAMEGIE PM
R RAIE

ASIC Optical Engine PME
,,,,,,,,,,,,,, :}""*\ Adapter Space (On-Board)
[ ] —__EL5__ |

ASIC Optical Engine  pyfp -
-

Non-PM fiber

ASIC Optical Engine  pye  Biind Mate
[F — Connector

F#H& K : COBO {Design Considerations of Optical Connectivity in ¥ #F & # : Min Tan % { Co-packaged optics (CPO): status, challenges,
a Co-Packaged or On-Board Optics Switch) and solutions))

(4) AT@AM: AT @A T AEBT % A5 Kt ATELE, BA A% idil % Efe
HREBAAGAR AL, AN EHAABET CHETELR, FHMFXEHREE,
A7) R e FiX B B>TkW R A= L ob 2P, #lde, 51.2 Tbps X hlé &9 @Ak T VABL
EHR 32 Aska, HEAEONELEA 1.6 Thps, & 128 Asu0, HA%0 400
Gbps, M Eaymmsm g (MRZH) fo TR TAUANBRED = LR, £S5
RBFHEG, AT R AR 47 BIART BT i@ L agh A R L tbmtt, 5
FEREOEBERTREART AL ER Y RN, HEeaRE = REFLKR 2U
B2 1U &t

AU EREBRMES, XL MPOMTP AREZMSZEERBAZRAKRER
BRBEAY, LARER AR LTRE”, BT —MARRSEMF, RABREMD
FTRERIAD, TRATAREERGEE, LRI SR O/ LU AR D 5
R Z A ey, R RAE L AR ARG RESF, TRIKEFE, LRl

iE S B E LG & 0AE S I E Ak F 25/56
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T RERE

B38: AFEEBREES

B, BRRAFTAIERTE P HIFP O, 4G/5G BIRF . AL H & FAREZ A
B EOTRIAE R S ARG G EER, i o LA X5 A MPO/LC/SC/FC/ST A.4F
ERR, BRAHRRSNER/ SEAGEER T, BhRA, AHERER ERNEK
RAL ARER. B, DAL, BHMENR. HTERRENTORE, FHAMER
BH. $EP G HEBRRALPHEESNS, 5FES I ARERAREELES
KW 2 ET 6,

MPO/MTP X4k EAE A N A AE R EETH AR E, E—385RA%A
FEF K MT #5464, 83 —AEEERIAS S RF G HHEHE,

MT (Mechanical Transfer) #&:% % MPO A4 EZES B SHELE, AF AT
KRS EAAEE, AXBBROEBHRRAEE, 25 FaH. &% B
WAHRAEEHRREF, WHENERXKG. 5 —REBLEEREHMEREN
AR, BARAEAT 6 V MARA e B2 F S E Al A, MT #5845
e A LT AT AR, AR T AT EZESNSEE. R A L.

B39: AT MT #HSWAHFEREBEIAREEREE LR
NERMETE

-

i

-

Optical Connectivity Overview

FC BT Bk

SC RINCAFBEER

ST BTk LC X3

MMC-16 MPO-16

et

MMC: VSFF Multi-Fiber; Reduced size MT-

R e g

ok, LBDESINES, NATRDBRRE. KRN, T HEAEE. B

style ferrule technology

MDC: VSFF Duples; Based on 1.25mm

* 16 or 24 fibers at 250 micron
pitch

MPO H4F B2k

* Compatible with 250, 200,
and 165 micron fibers

st ssun © Intermateable with MT
2 technology

TMT/ MT Ferrule Compatibllity

THRIR: B 2024 F 3R

#At%& K : Coming B

B RA, B R THER ARG LS, £ CPO RS EROEES
R ERE R X AR R 03 CPO UL AR L 69542 55 ARALAT AR5 42
B LT IE B SRR AT, UK CPO £ ROAF B /HHLT 5T
KA BARAE; 66 R B TR AERKIE T ST &,

B40: RTEREN LR BEE R, 2RZXEPREREFELLE

32 ports x 1.6T/port
32 SN-MT

64 ports x 800G/port
64 x MPO

64 ports x 800G/port
64 x MMC + 16 x ELS

64 ports x 800G/port
64 x AirMT

Fiber Fibers per Connectors Fibers DR FR
Connector Connector per 1RU per 1RU (1024f) (256f)
Lc 2 72 144 2U+ 2u
cs 2 160 320 2U+ U
MDC 2 216 432 2U+ U
SN 2 216 432 2U+ U
MPO-12 12 80 960 v |
MPO-16 16 80 1280 1w Y
AirMT-12 12 128 1536 1 U

L4 \ \ u \ \ \ \! L4
W o N o e o ““““ MPO-24 24 80 1920 U U
o N (W) (W W) (W (0 (W v MPO-32 2 80 2560 U U

AirMT-24 24 128 3072 1w 1
MXC-32 32 104 3328 v U
MMC-16 16 216 3456 U U
SN-MT16 16 216 3456 U U

FH# kK : COBO ((Design Considerations of Optical Connectivity in a Co-Packaged or On-Board Optics Switch)

S ob A E B G B 64T B FE e R A R
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T RERE

E4l: CPORREORBESH

24, WREALE: CPO $3# 4 CMOSEIC R KET &

M A& B AT S A8 ALY JE A SEIA B 512 Th/s, & T X HALAT @ AR 49 A R
= A A R AR SerDes Ao AL IC Z 0] 6938 18 MAL T K, HATAER AL dm s
£ %Pk, CPO @i s R Aok 51 B9 3138, IR SIRALAT @ ARG W 5 % B
Al RIB, HENZRAGE AR LTAZ AL )HF£, F#—F HL
SerDes & it A=[& 1K 42,

A B & SerDes B34tst AR WFEH 34T T KA, SerDes BT ELERKRKA £
SE Tt T XRS5 R A5, B A, TR, REBRGKE R R
RS m BN A6FEH, k) SerDes H AR T4 % K3E (LR) SerDes. ¥
#E (MR) SerDes. #483E (VSR) SerDes. #4& (XSR) SerDes #=#4248 35 (USR) SerDeso
B0y kA, ik SerDes B 9B S /) A MR IR N4, B AR GE L ok AR 4T
REBRET MG @ RILGE T TERPM, OFEAGRERILTHHK
FAHFAT B T A Z it s R FT T T R, EERER
o HESRRERRREL B E KEBEAE69 SerDes £ A, UEImALSH T
8 -F 41,

#£ CPO ¥, ASIC #= CPO H#3|%Ez megw A L5 %A E#E TRA MK
R, e AABEAE A SR K Interposer AKX KR FILRIFE T TN, Lo A @
BHESEZEMGBERE, BEERHETFA R, A SR IEDLRFTAH

F CPO PR ALK, €D aRBETATEAMI, EHE B M EEW L
5.

CPO FEEMBSENELE CPO ¥4 MBS OEXE

Linear
‘
12 dB

1 Connector

».

Linear m
Pre- W
1 E
12dB

1 Connector

ASIC .

CPO XSR B S iEMERHE

XSR
XSR

11dB
No Connector
XSR

Ll

Linear

FY,é

Linear

CPO XSR+H S MERE

Pre- Optical
Emph B COR B

E,é J).A

1 Connector
ASIC "
XSR+

XSR+ XSR+ Pre- Optical P
CDR Emph CDR
13 dB

La
S

CPO VSR/C2M E S AESEH

VSR
VSR
o
16 dB

1 Connector
VSR

Pre- Optical
Emph M COR D

F?’é

A& K : COBO {Design Considerations of Optical Connectivity in a Co-Packaged or On-Board Optics Switch). F iR iE &t 5 f
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T RERE

BE42: DSP % fb RAD AT R B

Fi& CPO ¥ DSP R RAD R T Rbko BAEHHM ST, MA B R FIAEF 50
Gb/s A VAL, £ NRZ L3I NT PAM-4 %I 7% AT E—F0H5T, A¥KRSH5E
%4k (4= CDR #= SerDes) #k4-#%| CMOS PHY % A (mﬂaﬁfm DSP) *,
HALIINT FEORFHE, UAiME PAM4 25T 5 T HEMHG B,

&3t Kk 224Gb/s R FBE R AONRS FATE, EPHE CPO EHTHA

# —FPR XL N Die L3 h4a5E09 XSR 40, i@id XSRiE0 5% R M Eag sk
HodtiTe A L%, A T2 5 A%)49 DSP 34 5 30 —A, 5 —F# N 24 DSP
Hnk— T ERB L H Die £, Wil ar Eag R, BAE B R3R

RIAS N, BF *ﬂ’%#’uﬂ? TR R 6 ZHMiE i XSR SerDes 4% 3
ASIC, TR R & %83 LR SerDes #4554 5] %,

E43: ADC+DSP V5& F—4 224Gb/s FIRFH £Z —

CPO Architectures

Gen 1: 112G XSR AUI

Section below
PAM-4 PAM-4 PAM-8 Multiwire Bidirectional
=2 < (// 112 Gb/s 224 Gb/s 224 Gb/s Encoding Signalling
%o, : /// 224 Gb/s 224 Gb/s
Nyquist 28 GHz 56 GHz 39 GHz 67 GHz 28 GHz
Gen 2: “Direct Drive' Frequency
XSR-USR <10 <10® <107 <10# <10*
MCM <10 <10+ >10% <10* <10+
channel
Chip-to- <10® >102 >10% <10 (<45 dB) <104
module >107 (>45 dB)
ADC Resolution 6 bit 6 bit 8 bit 5 bit 8 bit
ADC Power 1x 3x 2.8x 2.5% 3x
Equalizer 10tapFFE& | 10tapFFE& | 10tapFFE& | BtapFFE& 10 tap FFE &
1tap DFE 1tap DFE 1tap DFE 3 tap DFE 1tap DFE &
5-tap Echo-Canceller
Jitter Requirement 150 fs 80fs 130fs 125fs 130fs
Power 1x 2.8x 25x% 25x% 3x

R R

W TR

# #H & B : Masum Hossain { Toward 224-Gb/s Electrical
Signaling—Modulation, Equalization, and Channel Options )

E 3% XSR SerDes @it 4548 AAEAZ A Z 0] 94236 B R thALoh F 5 &

B RSE B A 3R . VA 56-112 Gb/s PAM4 XSR SerDes ##], & 4% 8% R AL
DURAFEM R 512 DAC 4641 454), A CMoS MUX, % /~44% FFE #= SST IR#) 4
My, VASEILEIE RSP, R A Aedy IR Sh . RSB R R ) S8k L a1 4%
M #r% (CTLE), REA VGA #2)lA M A B, AERRBEEMGOHIE. 57 %
AR 3 £ ML, XSR SerDes #.F &— AN £ A48 3R A2 — AN K3 CDR %k A i 7 3k 37 &K
R E. M E, XSR SerDes 89 £ &4 524 A i £ 89 RX 3% CTLE 5 TX 3%
FFE #0454, F&H A ERXFEF MR R E, B A2 48 3 8K 69 13 38 B4,

%3% LR SerDes £ 24 ZIERERE, ARFEL. KEARAKE., BF5. &
BEE A BAGGIE LM, LR 693 #H3 95 XSR A9tk £ 40 5 2, B ALt 25
PRk E e i L Z ) 69 -FHr, RAFH AT AW FIR JEK S, MUX. $4%# FFE
F2 DAC 3R#) 35 489 DSP. DAC B3 %A SST A XA CML # K. #MKE
%4 CTLE. VGA. ADC Ffe—ANRA&E., Hffentshik 24869 DSP A ik.
# PLL #eA3b CDR M T # % mARIKIZRAE Ko

iE S B E LG & 0AE S I E Ak F 28/56
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T RERE

B44: T FEl4y SerDes A&3k4tst R FE #9383 34T 7 4L

o i
SerDes BG4

Rt

RIL om H

—> > > > |

—> B - : > |

3 . i - - ey o wn P>

o DL gl A A O pirs ax [ ) A E

—> > Ea > E

H

H

H

COR :

XSREEHE LR %244

Performance requirements for XSR SerDes Requirements for LR SerDes
. A Power efficiency 504-921 mW/lane (91,92]
Linerate 612G = =
Single-lane arca 0.385-0.92 mm” [92,94)
IR S 11-1.3¢-10[86]
‘Channel insertion Loss. 38-415dB
Channel loss (@28 GHz) 1.5-9.64B [87) (@28 GHz) [93,94]
Powes ellciency 1241790 [46,55) Original bit error rate 1.8¢-10 0 2¢-7 [91,92]
Troughput {Gbps/mm) 480-570 (83,99] X SNDR 3 6B PL
Area (monPlanc) 0.11-0.228 86,59

TX swing 0.65-1.2 Vg [92,94]

PAM-4

Eg RX PN

ANALOG FRONT END (AFE)

Term/
vl [ 7V Lol N
shifie | | CTLE [ | vGA

RX

(o JH

FA &K : Min Tan ¥

L Y]
A Rt

i — % & 2] CMOS EIC
SiGe # & FHALE) CMOS, F&HIREF ., W RAKMEESF

{Co-packaged optics (CPO): status, challenges, and solutions). FF i iE # & 5 T

CMOSEIC 3BAEZREFT R TEEMHERE AL CPO &

—7 @, EIC K EmFH ERANRTEAM, XFEFEN TIA 4= Driver

B HARAAR SR 69
A AR PR B

LRY, 53— d, XBRBKE

R E, MAXEHK BIKAHEIEKR RS CPO RERH AL E, £/ CMOS %
FTEHBERARKREZRET A,
B45: ¥ 5 % & EIC &% CPO K& 7 &)
NRZ pluggable transceiver PAM-4 CPO transceiver
Power | | MCU ;ﬂg r\\\ sy
- I?ﬁ/ ! PHY  (T°
CDR |—| Lo v | :
Rx _~7 | (CDR+serdes + |
Serdes P L—j equalizer )
Tx p ¥ <D verI | Ip—-o
5 CDR |— =) g \\J ': _—_—_—_—I—_—_—_‘_—:I
= | |
L PIC|[ gc  [Poweri MCU|

FA &K : Min Tan %

{Co-packaged optics (CPO): status, challenges, and solutions}),
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3. Al @A, CPO#F=XK*L T

31. T 1: AAEKmREE, CPO A4 A5 Uk #

EAAIEHES CPO R ARE S, A Al ABERKmBR R B, AXRRKLE
AT Ak FERGEEFE, ALAT “BHAE” WRELEALT, REF/ A
FHRBERMARE G2, AELEFEA Fm #H89 CMOS T LB Y,
HERAFIAXAEFFofl FERGRAEST E. AL EE R LT CPO A7 %8y
TRTE, HABRGRHAA Lit—FF3h CPO 8 K&,

F46: RABKLZLMRLR B47: BABRKSRT &

Tk KBRS

Benefits of using CMOS processes for Si photonics SILICON PHOTONICS MARKETS
—_— Main application Emerging sensing applications
Telecomn & Infrastructure
MARKETS e . Cansumer Automative | Medical Industrial
datacom e —
APPLICATIONS. Commanication Processing Sensing
Electronic
s HPC, | W ! iagn .
N L o | o | smares | o | e | snvvonmmanta
Isensors
Tonsoivers | SO, | anis | useocmwers | mosie
Reduced thermal | Reduced power Smaller devices ercennects e
loss consumption
Processors
MODULES
Sensors Liddar, FOG
Lower US$ by Gbps
Foars | muliede | Singleber
‘ fibes
L Si photonics
, M i A | ps— p— p— —
Power efficiency is today the main Further integration and low cost opens the way to required for die + lasor i + lasor di + lasor dies laser | o muug‘nmdl\ die+ laser
challenge for hyper-scale datacenters portable systems for consumer health applications hyper-scale SILICON PHOTONICS Waveguides, splitters, modulators, photo e e o e P e
datacenters FUNCTIONS detectors. o e o
B0 I Ny o H : 15 : PSR H H H 15 H
F#F &R : Eric Mounier {Chiplets enabled by silicon photonics) F 4k % : Eric Mounier {Chiplets enabled by silicon photonics)

(1) ABEABRE AXE, #AABREHELLER, CPO = OI0 A5 ¥k
EBR, aRRARETAARAERNER, A2 —FHELBLLIIERRAHR.
FEXMEAXRBERK, AREASTET AIGC A&, HATFRREHEF P
A OIO. & &M CPO. &% 18 AL A BB b s 1A d9 40 T LBAZAA 2tk
#—F Ko

M48: KFEF TR ES SR

DATACENTER ARCHITECTURE (&

Application landscape of datacom optical modules

. 4 Last Next
Typical distances generation QL eyt generation datacenter
Interconnect
Among INTER DC . / . _
datacenters 80 km -120 km 00G DWDM 400G ZR/ZR+* 800G ZR
Among campuses [ . Core
SiPh 100G WDM, 400G WDM/ZR |  “7z2£com technoloay Switches

32-256 ports

" INTRA DC 10G/25G LR 100G LRV/ER]
Spine-core  10km-40KM s nong buildings | 40GLR4  400GLR4JERG [ ZX400GLRG
5iPh 100G WDM, 400G WOM/ZR

Spine
Switches 32-
128 ports

INTRADC 2x400G DR4/FR4
Leaf—spine  S00M-2km  \ o iings | 100CWOM 400G DR4/FR4 S _ .
SiPh100G PSM4 / DR4 et s I
Switches 32-
4 ports
TOR - leaf 70m-300m  [NTER-RACK 100G SR4 400G SR8/SR4.2 2x400G SR4 ‘
Within buildings SiPh 100G PSM4 / DR4 Top of the rack
" " (TOR)
Si photonics 326 ports
INTRA-RACK
Server-TOR  2m-50m Withinroom  2SGAOC/DAC 100G AOC/DAC 200G AOC/DAC <j
With Fib e
rver - server ithin i 4 iber Servers & storages
(AUML machines) 2™ room Ecprenlies Srgpalies (UCle standards) <:| 2 ports/server
AOC: transceivers with integrated fibers Each new generation of optical modules are backward-
DAC: copper cables compatible with the previous-generation technology.

##F &R : Eric Mounier {Chiplets enabled by silicon photonics)
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AXERG AT, EARREAIEHGSEMEDT, AATHAMIL -V S
B34 YA E SR EAL, A KRR P OB TR R, $iliE HAKR
AL, B E R ARG A RN N L R RARGY R R, B AT 800G AR ALK
CEANZ T AR RRENR. REKIARE, KAAA A 2 AR AR A
ZRERFRNBAREAZFIARE I OE, BAARRGBELRF PHB| 3 —
FRA, HAHRAE 16T, 32T $ AR, A2 —FR#AXBRKREK, CPO ¥
BRI ERDFRE—F K.

A&4E Lightcounting &9 M|, KiBAZIT L 2 AAEXLB KA B 694547 &,
1 AT 2 0 AT 9 5 2N 2022 SR 09 24%38 A0 B] 2028 SF49 44%. 1R
Yole TR, AERACK 3 2022 S5 H AL H 1485 £ T, 2027 557 H LA 2 4
ik 541310 £, EF CPO A3 EFTIHMAE R LA 2.59 /£ T,

P49: AA AR E &AL IR BN A K480 B50: AAKAETANARA LR K

SILICON PHOTONIC TRANSCEIVERS - $ MARKET FORECAST

_ e - _
i x4 N nificantly in the coming five year:
BH iﬁ @ (D ue, it timated that silicon photonic
7;% e =2 N4 nter applications in 2027
# ! JI| 1 400 Gbps PAM4
4x100 Gbps | % L] i
PAM4 &
& !
BoA BT e i ¥
& A,@‘JT){Q i I
4t & I
i -
Jo : o = E R
& 5
EOGI @ 4 ® -
ég 400 Gbps PAM4
L1 4x100 Gbps —
PAM4 @‘4
‘ oW e
Bk — 0B —@-
THRR: REESF (400G FR4 &2 KN K AL 3 69 5F 50 ) $##E %K : Eric Mounier {Chiplets enabled by silicon photonics )

EOIOE AP, AT EREELALS0I0 XK TE K, 0l0(In-Package Optical I/O)
A—METEROLEIRMEAT R, HS+H%HR (CPU. GPU., XPU) % 2R —
HEF, GEFASH T HERZAE T MBI LERE (B, BRFTHIT),
EARREAF LT, OO #9374 5% £ 5 UCle. NVlink, PCle &€ LAY, 1244
MIERZARY L%, OO0 AT HAEEMKIER, JikTAKAEHLGEE, EFERNT
HH M (BPAAELLEM), ALERAANBEFIY K. TR AN G 56l
AP SRMG KR ). AATHRRKAATHRZESH LER LR EBi iy
Wik, MEEHR AT RBERATR: WAATEZCRSE, 2488 REd e
LN AT 5 AR w M ARG m AL, 25— SR ERERAEE
5, RAFEE R, K, FICMOS TE&E. THEMR. mAKERE, B
HTRASERERFRGTLHIE, THRATLFERGAIRIINELERE
P&, FIABEZ RIS EHRAIRF B IEEGRFE R, #—FERRA, B
AABERFEIAHR BALEGEEFS,

#£A1IKA, OI0 BATHA TR WA, HitH%HBRAR T AMKL, AHE
EAthBUE 7 AR E Rt — P 4137, AR T CPO £ &4Fxt M&RHM, 4T+ H KA
& OIO ¥ # +Chiplet &Y LRMEF K, K35/ T ARE L) 8557+
S RBFBRAA K, ME Al BRI E A HERETER, SHARBERTBE X,
OI0 HHRARKEFAZ ARG R, 5 010 KBRS CPOBRLAZF RN E
AAe KB o ¥ Yole A, OIO T HH ZM 2022 545 500 7 £ T3 K %] 2033 F4Y
23 L% 7o
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B51: OI0O R—# & HR A LEMBrTE B52: FHARHA S BFRE OI0 K&

T RERE

CO-PACKAGED OPTICS Q)

fit together?
d
Fiber y
Switch ASIC 204.8T or 409.6T

<3 nm foundry process
Reliability and SerDes 224 Gb/s
serviceability (XSR or USR)
SERDES CPOisan
SERDES assembly
XPU - Amplifiers (TIA) encompassing!
Drivers multiple Manufacturi
o highly * Beyond yield must be.
; 7 v integrated 2030 acceptable for
Electrical . — T components. volume production N

Before CPO achieves actual commercial
status for network applications in the
DCs, it may gain more popularity in

Th t fit
SiPh1C Fiber Photodetectors tog Ey’%\“us 3
Mrau

Mu“wndo Cosl competitiveness

dIoLIC ) MO0k o T Lo e
Micro-rings amplifier Optical Micro-rings resdinan o DC
operators
FH#tk K : Cadence B M # 4% K : Martin Vallo {Co-packaged optics are inching closer to

reality)

Q) RAEXRETARE, 2RO LBRIEHALBRRKKE, ALZ Lt —
yRE. BAT, BABRRKRZRMARLE, ZLREREHE, ST FEETTERK
HERAM . T T EREH . S-S AR, Foundry, IT &%, Z4&E&H. A
FHEZIANTT. 2010 F AL, AARKGHT REKFFIEdF RIAMERET AT B
EFo HATHREZEZAUT I ARESEN: —RERAL X H, wEE 2014 F X
A CERATFIHR, BFATRESET I EARIR, BB A 2015 FHF 6.110EL
R 2B AR T 32 8] LA AIM Pho.tonics, 2847 = k45 B IR L B 3T 47 AL 69 5 A&
AT -FE . 2R KA RN B Fobl), 4o B H Leti #2845 = 5F 21 X 5
=& Intel. IBM % IT E k898N, Intel. IBM A 2003 F £ 4 F4H 7 %&fu%&
R, #ITT K, EFRBEN. =2 DA meln s FEHERNSCRT2EN, B
Kb F W HFEHRA, BRXCRAEL TG EEREREN, @2 — 3%
AL WAL 8], 4= Acacia. SiFotonics % .

B 53: At ki RB R E

: SOI i
plc DeSIgn

N Transceiver
integrator

NS Operators
l‘.EqUIpmen

intel sohoou COHERENT e g F - 'I?\‘Nfr Boou COHERENT vl rroes N
Puyoriabn c./ojm Wesennion, w - A malloe [ amvers phetl Ao aws 3
Ao BPOE § Sifotonics COHERENT 1 1\, & oveion JUnPEr & | Snuawa 2=
wmasomion C|SCO : nvioia.
in sy lQ UL tsmc RANOVUS sicoya QZ:_STA 0OMeta
\:) &““"”’"‘ LwmenTum. Hie ciena Totls Tencent Wit
T MSll'llSl.lNli nokia ONTT Aty B ea 1| &2
= UMEC = :
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®m = wy EEEUVCs e | =
= ':;:C - c>aoua|¢m His: Braon
mm._,__.,_, ZTE Qintellier/ L - Fsitid e ) n Gym.gm CIG ZTE
sraseeeemenis ALO o Peervems Q ¢ $eromwe 3
X ' s O Jam silex IMEC 3, groapex
€D isusnissmmagoae Remrd W Loenrec EIDO D osen 2 nf avass
Bl remser (W » : ZTE
Lio:? 'le?’FAB B Leoni 3 ruﬁlsu == SoftBank
Cale . ’ mwonq o {—,, Aibaba Cloud NEC ..ﬁ_ ?*ﬂtﬁ

intel

And more...

A KR : Yole

(3) AEXE LIS kA, BAFTEFAALYRS, BARRKEZR &0
A CPO Z e EM, % 25 &+ EEFRALHE L (CIOE 2024) T 2024 59 A 11-13
BAERINEREREFTSHE, £ AL T, ALELEHR RS LT E2 ER
T8 B ik F Ty @ Bk AR, B B VARE B/CPO/E BEARER 42/ 48 T 5 ) AX R 69 37 HR A& 2
BRI, AP RABRRREATH XL EEREFRA, XS D LAHAELER,

iE S B E LG & 0AE S I E Ak F 32/56



27 FRIES

A7k R AR

AL, AHBEETT 800G/400G 4 & P A EA S, HAMHMES 1.6T AT
£ # 5 B 400G = 800G A AL R T B NE F M, kA6 1.6T A kb 22
TRFT K, FHHFHANE Y B % I ERE 1.6T OSFP DRS ;A% k45 8 A #F £ % 200G
HAEE, HEATRLEAFAELSAOHARE, BATCLERETEMILESY L
SREIBM, B, FRARARI ARV EAELSRS), T—FRKAHH32T AR
Bk E G R, CPO #ok VO; BRAMHSF LA RLRKDEFLLE, 25 TR
89 100G DRI #Bestka9if4] 5, 2024 FAMA R I NPT H I, 50 TRA2T70 £
R 2%, HF 70 LT AME —4 W, B3] 400G DR4 #9446 ; Sicoya (&
BAY) RHRITAEABRKRAME S E, 84 1.6T DRS PIC. 800G DRS8 PIC.
800G2xFR4PIC. 200G/lane PIC wafer % & &0, FFIF kAT 818 200G &4 = 0 b
P A& 3% 7= ; SiFotonics BB BT T AT K An g = 694 & 7| a2 8 F o, 8145 800G/1.6T
AUDC % 5 B 5% & 1 %9 200G Ge/Si PIN PD #= 4x200G SiPho MZM PIC, #L#%E 7 T
F= Anristu % PCle X LI A& 7 %, BATC 4] 7000 77 #2755 R AH#F 22 %o

&1: &N RARMA BHELTHKR
T A

LRI

I

Marvell

2 8) 2020 4 Inphi, #F Inphi #7/U/X COLORZ 54 3 H K A al, T 2024 SF A &
RAGY L LECTFE, FISFE OFC L& T 3D &4 (SiPho) 51%, A4 32 @il 200G &
Adek D, S KibdFe) it BT —RAIFE (AD £F =BT

Lumentum

VA A AT G RS AL R T, 28] 2023 S b B A # oA H #) 12 7 Cloud Light
Technology (=MEX#®.), 2024 4 OFC LigH 1310nm DFB A%, ZSLE &4 &4
# A5 B AH(CPOYFAE KT 800G A= 1.6T 4L K 5 & A ikt

SiFotonics

A RFFBIEEALTFRRG NS Z—, BT S AR P L PIC RAFIE. #km
F PIC A A4F% 75 @ 4 th 400G/800G A L5 s A4t A A L IC-TROSA ¥ % 4 * %2024
/£ OFC L7 T £ &A=& & & 1 F 800G/1.6T AI/DC, 100G/400G/800G #8 F #= 25G/50G
PON &9 4 % 7| & £ %7 = 5

Sicoya

2024 f£ OFC L& 7T 400G/800G/1.6T 2k /= &R #ifid 200G £ K7 %

Cisco

N 8] Je 6 14 Lightwire, Luxtera. Acacia ¥ = FaANKBELALHAFHAK G, £+
Luxtera /£ 2015 3 & X 100G-PSM4 X TR, RRFEHFHFARELER S RHZ
—; Acacia REERBBEEEAMEASNBRATAHRER TGO TRRBESH, 2024
Fih AL 800G 48T T#H =&, LA F Delphi DSP 49 7T #3842 3 #3+ T 2024 5 % —
Z g L, Cisco 5 Inphi &4E4th 51.2Tb/s AL, 4 2023 4 OFC LEFT A FAR
F 49 CPO % ® % 4= 800G & XA 3k

Juniper

8] 2016 S04 Aurrion VAR B AE A 4, £ 2019 4 OFC L3t & Fa £ FH K4 100G
QSFP28 #= 400G QSFP-DD 23 897 2k LA 3, 2022 45 Synopsys i = Frak 8y 7 % F 5 F

&

Ciena

28] 2016 4L TeraXion 49 #3£ InP Fo ik £ T H AR AR AB X £ 4], 2023 F4f i WaveLogic
6, &M 3nm CMOS. & TALTFRL FTHLMGETLFFRERK

AMD

N E) 2022 FE BRI R R0, 5 Ranovus A K A T A5 %69 CPO B4, A
HFEBRARA ¥ iFAAXEA

TSMC

NS FEE, AR FAEPFLERAFAAATRALRMNERE LM, CHEHL 200 4
FRAREINTARLAN, FETARARLTFRERAFAAREH, AR ATIZFELH
COUPE %4 s COUPE 2.0

NVIDIA

2 8] 2020 SF %3t Mellanox #9451, Mellanox 54X # % F % 44\ 8] Kotura, B &35%
HEAME 2022 4%, N &5 Ayar Labs &5 FF KK a4 L% A F GPU 5 NVSwitch Z 1]
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Intel

2023 F o 8] R B AKX AR, & Jabil RIEMX LS, REEALSH I, 2024 F 4
OFC LR =T AT S Tx Ao Rxleso N A TFTHATHRARLFE, BT ALFKASR
A% 4 400G FR4 QSFP-DD. 200G FR4 QSFP56. 100G DR/FR/LR QSFP28 % % # * %5
& E A ot

Coherent

2023 4 H 2 FE CWDFB @A —ME, AEREEANT 400G 2] 1.6T a9 L FIUCRK B4R
&

Broadcom

2024 F @ F P 3T T R B 2 51.2Tbps £ 3 # AF(CPOVAK R A, %~ S AANK
T 2K F 49 6.4-Tbps X5 51 % 5158 B £ &£ 49 StrataXGS Tomahawk5 3 #::% /& s —
Ao BT OFC LEFT AT 200G 24 F A% 69 CW A%

& R e 41

2022 AR AP HL H—, AHAMBALAAEHSE, BATCIEE THAHH
B R 69 400G A= 800G A K KA M 20230FC /& 7 & & F 5Snm DSP Ao st it a8 % F 44
R b % =X 800G A 32 ;2024 S /£ OFC L3 = iy 6) A L% At e 4 35 P 0 12 A 49 800G/1.6T #
B P A 5% B TR A BLAG A AR AR I EAR S AR R 7

# 5 gk

2022 F 4L Alpine, RS GBS AR LTS A HKGT HFE 4 2024 F £ OFC
J& 7 800G OSFP DR4 LPO, A% & 35K 2% F 5 PIC, VA 200Gb/s 493 B 44y 4 ANFFAT

%

2012, 2013 400 W 32 B LT & s 8] CIP A=kb A B 42 £-F A 8] Caliopa, 2019 “FJ6 %
HHRAOEEFLASHBAT. RAES, SAREARG 10 FRAGH i b

e THHE

2024 4 OFC L .E X4 d 1.6T-200G/A Gk A b 5, RAT A6 EK 200G #4
XER, HELEFRBRBLZAHNE T T EELBER

F 454t

N 8] 2020 A% ficonTEC #E A SEAL 31X &-473%, B ATE# FI4M ficonTEC £ 2RAZ4y, A
R Z R A A S R BRI, AREARSR 7TETRESE ., XN E L&

AR

2018 SFHEAFH R 100G AN KX K 5T 2020 R 0% 7~ 2024 F OFC Lix4 %A
IS 1.6T OSFP-XD # k& Ak 3k

A H A

2020 £ 8] e B AN EL A9 400G S48 13 AR R AR B AR 7 % 400G QSFP-DD DR4
(500m)#= 400G QSFP-DD DR4+ (2km), 2021 % s dt& 4%, 2024 4 400G FR4 A A4 3k
TR T 22 HE, 7 800G & ARSI K

WA

N E) 2021 SR, ALAAE FARMH A Ak, AR A CMOS, MEMS -F 4 4= Chiplet,
TSV S #tHERRRALCEABEER, FR) 2R ATAEET, SRHEDE,
AMERES, BATCAEd A TAL CMOS #5494 % AR SDIPS 5] %

2024 4 OFC L, N3 7T & 800G &L kA k3% T V354, & HP-EB3300 & 45 & £ 4
kR EFHLFEN COC F RZINT L Hakm L3 Mok ey S45 F 3%

X85 Rockley &4EH Bat Ak 4, 2017 S5/ H LBl R it 7 F il 04 So ) A = 2k kAR

e, 2020 F ¥ iB& 5 A KA —HAE SRR 400G QSFP-DD DR4 5% kA3, 2022 4 £
= # ik 400G QSFP-DD DR4 2k x483k, FHEATHATHRARAEBEEANE—6 32T
CPO Tk

2021 £ TR AT Sicoya 8951, HH T Sicoya K FH K A £%#H#F X T 400G QSFP-DD
ZR. 800G OSFP DR8. 800G OSFP 2xFR4 % ;tA% 3k = % VAR 400G DR4. 800G 2*FR4 # 5,
3%, T2 ATUAR., #BFORZHELSE

2=

/8] 5 Elenion. #1% % 4 £ 2 LAUSGEANSAE, 2019 44 & F 2 % F # K49 400G DR4
KA, NG T RMPALRGRAETFRANINERER, FREREAMBHGLE~
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3.2, T2 Ak BBRMEA K CPO, #—FHENL CPO FLAE

&K/ ARMA K CPO K, 2% CPO REMAM I H CPO T EX S,
& KSH T HAEE CPO 7%, £ Intel. Broadcom. Raonvus. AMD. Marvell.
Cisco ¥ ¥ A £ OFC & L th CPO RAM, RBFRIZME 2R F 409
4%, Nvidia &2 TSMC %) AL ET=T A T8 CPO X, &MikAH, —F @, L+
ATRHALINEGCPOBRAZTATE, ARAPTEATHABRGRE; 5—F
&, Bk REONG, HR#E—F ik CPO & bike) T &4 K&,

Intel — B 2 ) T 7T 45K K AL Ao ORI H) B B ARG FF ZAIT K, FF4£ 2020 56
AR EEALZLFERBELETHRIFAH S 6 CPO 2%, £ “OFC 2020”7 2L Lk,
Intel 4f &3 CPO # 4L, ® 1.6Tbit/s 49 A K 5] %5 12.8Tbit/s 49 7T HA2 A K M 3%
WUEE AR, FHE AT EF B T k. /£ 2024 F IEEE ISSCC L, Intel 27 T £ CPO
HARGGRHHE, 125 FMmkEKX 5] 4x64Gb/s, BEARFFTIA 1.3pl/bit 491K 7 4
P #E; Intel #= Ayar Labs &4F % F, Supercomputing 2023 K& L& T 2 1 4Tb/s
i 52 49 TeraPHY OIO chiplet # A\ #| Intel Agilex FPGA %, 7 & & 4™ SuperNova &
X 454/ chiplet £ 8 AR89 64 /AN B 1 49 & R LIEAZ

Broadcom & “OFC 2022” 2 E, i@ T A% CPO M, + 25.6Tbps
Tomahawkd X 3% K 55| #4044 2023 4 4 Strata Tomahawk XGS5, X %%
¥ A 51.2Tbps, FA£ALH 5.5W, & %K 800Gbps; £ “OFC 2024” 4L L, Broadcom
FACEE P RATT LR B H 51.2Tbps CPO ¥AK M X #Hb—Bailly, % &~ S AA
K F AR T 49 6.4-Tbps A% 51 % 5 StrataXGS Tomahawk5 3% 7 £ A —42, £
R EEGHFIERT 70%, ABREXERST 842

Ranovus £ “OFC 2021” 23 LXK T Odin s %2 #0385) CPO 2.0 &4, %%
#] & Ranovus. IBM. TE #= Senko £ B FF &, @3 /ER TR fef L34 IC A 249
RERMETE, FINT 40%09 HFEKF R AT 49, Ranovus £ “OFC 2023”7 L
Je T 800G L3R K 5| % 5 AMD #) FPGA % 7 AR 44

Marvell £ “OFC 2022”7 &3 LET 7T £ A& CPO ##4L, AN 1.6Tbit/s; &
“OFC2023” 2 LEAA T 51.2Tbit/s 69335 4 ;

Cisco £ “OFC 2023” L= T £ F CPO # K& 25.6T AR, HAA 32T
BRI, A EBLE A 400G-FR4 XK, A4 E] #2383 100Gbps.

Nvidia — & &7 X # % CPO, & “2020 GTC” &2 LR T T —Ai@iE CPO ¥
GPU A4S R LM ZAARMA, 556 R%. Ayarlabs %\ 8] AR
K CPO H K:

TSMC F 2017 F7 4% 5 Luxtera &4 F X T —/~ 65nm 77 &89 12 E~FHEHEAF T
LF4E, MBI AL, HfEd COUPEL0R.O F4, AAHE CPO KR %+t
%] 2025 F5£ 2 6.4Tbps £ 5] %,
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Intel Boadcom
SILICON PHOTONICS CO-PACKAGED SWITCH _
) - S packagl = '_“”‘ - v w W
'\ I [ [ atacmtat:
’ WU U UV UV U U rome rmonwaievepackagey

Marvell

electrical and optical

AMD Versal ACAP co-packaged with
Ranovus’ Odin® direct-drive CPO 2.0

Nvida TSMC

3D Optical Engine (OE) for Next-Gen Communication_*

Svosa son V7 v
c P gl v
. veseL « 7 v 7 “
o1 grated v v v
torvel Pho grated v

KKK : Tian, W ¥ {Progress in Research on Co-Packaged Optics). FF IR iE A F 50 A

3.2.1. Broadcom: THS5-Bailly— SiPh PIC + 7nm CMOS EIC + FOWLP

Broadcom R I3 CPO B ARM b ) IR 4 ZM B & . 2021 F Broadcom
b TH & CPO AF BT —RILMEEHR 27, %—3# 25.6T Humboldt #+X| T
2022 SFJ& BT, FiEXIF 2022 4 S12TBailly, #2524 7T A FTALTFEREHE
# 800G DRS T4&# KA %, 75 DSP £R#H K, UAARKFEAFEMHSE CPU 4=
GPU 33yt x];

E55: Broadcom CPO = % R B

oCcP

Tencent o c 4 OFC
Global CPO OFC Ruijie

March
Jun ‘23 Oct ‘23 2024

Oct ‘22 Mar ‘23

Announcement 6.4T xPU Optical
51.2T CPO 51.2TCPO 51.2T CPO
25.6 CPO LT R el Prototype Product  Atached Prtotype
CPO Product Demo mo Demo Derio emo

World's First Partnership

CES | 25.6 CPO Demo

Auto/Tech Forum

FAHk R : Broadcom B M
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OFC 2022 /&4t Broadcom /&7 T 5 Tomahawk 4 3 #::% K 23+ 49 800Gb/s
A 31%, OCP2022 LETT CPO #tE, JH=5Hh 5kl febiit i 5 K35 STERAE X
7, BAKXABRKIEFSHFFHR LEF —A LT Tomahawk 4 9 25.6T Humboldt
CPO % %;0FC 2023 L#t—#% %7 7 AT Tomahawk 4 4y 25.6T Humboldt CPO #
9

TH4-Huboldt: 4 Broadcom % —X CPO # %, % A ¥ CPO. ¥ ¥ i#dE7 X,
TSGR SAMAE 4 A 32T £ 51 % (32X 100Gbps DR) ZE%, K 5] % &4tk PIC 4=
SiGe EIC #ypk, KRN E AR, BEARFE LA T TSV LZ@EhwEE, FARLL
ENFAT A 800G TW, IAFAMTHERERRSZT 50% AL,

E56: TH4-Huboldt & Broadcom % —&X CPO & %4 E57: TH4-Huboldt X A SiPhPIC+SiGeEIC+TSV &4

TH4-Humboldt: First Generation System TH4-Humboldt: SiPh PIC + SiGe EIC + TSV

o Product Features:
~ + 25.6T Ethernet Switch

* Half CPO, Half Elecrical connectivity Laser Photonic and Electronic Circuits Signal Processor ASIC

+ Four 3.2T optical engines (32x100Gbps DR
connectivity)

* Optical engine is a PIC bonded to a SiGe EIC

+ Each optical engine has ~ 250 optical
components

SiGe dissipates additional 3 pJ/bit power consumption compared to CMOS solutions

##4tk . Manish Mehta { An Al Compute ASIC with Optical Attach 3T # & /& : Manish Mehta { An AI Compute ASIC with Optical Attach
to Enable Next Generation Scale-Up Architectures) to Enable Next Generation Scale-Up Architectures)

Broadcom & CPO -+ 4 #& ¥ % &, OFC 2023 _E Broadcom &= 7 # R L% —/~
# F Tomahawk 5 49 51.2T Bailly CPO &% £ %.; 2024 5 3 A, Broadcom & # 15 &
BP AT LF%—4 51.2T 49 CPO AKX M R kAL; OFC 2024 Lt —F & & Bailly
51.2TCPO AR MM FE %, UALE AT HBM. Logic #= PHY AN # %% K AL
A 64T A5 %,

TH5-Bailly: % /* &% Broadcom Tomahawk 5 3 #%% A 5 8 A~ 6.4T XA 5| &
(64x100Gbps FR4) #i%, A+ PIC L&A AF MUX/DEMUX, 4 COMS EIC
8,8 1&2h4& TIA & Driver, PIC 5 EIC & F FOWLP L Z Zi%, j i@ id 4 A Broadcom
FAU #4235 69 L4 a4 HaT md k42, BIER A SN B T4E4% 8 %5 (PLS), i@ id PLS
FAEEEE (MPO) #H.

AR E, STHERAES AT EHL, CPO X EENHIEIKT 70%,
HEaRRERST 8 15, HENIBRIAHERT X2 30%. Broadcom &, —
AN 800G AEH IS H . 13-15W #9sh & 4atk, £ 8 CPO 4% DSP A Z&MERH %,
hFEEEE 48W VAT,
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B 58: THS5-Bailly £ A SiPh PIC + 7nm CMOS EIC + FOWLP £ #)

CPO Schematic

Front Panel Ports
10 Connection

- “\\
PLS Blind mate
Connector (MPO)
g
<
ST

Cable Assembly

Pluggable Laser
Source (PLS)

+ 51.2Tbps TH5 Switch CPO with 8x6.4T optical engines
+ Pluggable Laser Modules x 16 (field serviceable)
« Fiber Cable Assembly

TH5-Bailly: Second Generation System

Product Features:
« 51.2T Ethernet Switch
« All Optical CPO connectivity

Key Components of CPO

Advanced

Electrical Integrated
Packaging

Circuit (EIC) with
driver and TIA

Photonic Integrated Circuit '\
(PIC) with modulator and
photo diodes

High density
fiber connector

TH5-Bailly: SiPh PIC + 7nm CMOS EIC + FOWLP

P

Mold compound «

« Eight 6.4T optical engines (64x100Gbps FR4
connectivity)

+ Optical engine is a PIC bonded to a CMOS EIC s

« Each optical engine has ~ 1000 optical
components

-

VLU L VLV VL L) \J

FOWLP: Fan-cut Wafer-lovel Packaging

1N

F kK : Manish Mehta { An Al Compute ASIC with Optical Attach to Enable Next Generation Scale-Up Architectures)

Broadcom iE £ % X¥ CPO BANAR Mt —F BRI AR, TAEZ XN
By B, ML H 6 CPO 3%, GPU S 2w A R, $ A2 2 %49 HBM 4=
B Eeyit ik, AT, —2%& LS 64x100G , AERETEN 128T, kXA 2
R E 1024T 895 % 5T

B 59: Broadcom ¥ CPO EAK#t—F &R BHA TR

Beachfront vs Oceanfront: Utilizing Fan-Out

Oceanfront

+ Can escape four optical engines along single oceanfront

+ Much more reliable and cost effective
— Optics is farther away from high power dissipation GPU

— Known Good Optical Engines can be last to the - high

ring yield

Scale-Up Optical Oceanfront Density Roadmap

“Tx+Rx

2025

2028

# 4tk & : Manish Mehta {An Al Compute ASIC with Optical Attach to Enable Next Generation
Scale-Up Architectures)
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3.2.2. TSMC: #BRBRHF BHaXE K, ## COUPE F4

TSMC Z# it COUPE 4. TSMC £ 2024 Fb £FH KA L, WET A
F693D RF A EBRERRE, HiHRAH SR E LT RIRMZL 12.8 Tops 94 HE
. WTRELETLEBLIRERGTEE R, 2ATFRHRAKRRKEF W
—IR KRR, TSMC 49 % AR B A AT 351 % (COUPE) &K F FAR T 2
Rz —o ZHARKA TSMC 49 SolC-X 3t EH K, HeFTEMREH (EIC) HEAL
FHEm e (PIC) £, A& EIC-on-PIC £H), XAPLEHM T LALLM AL 0 4b 52 31
RAKEG AT, A SEILR &89 AL, Hoh, COUPE & B & R A ERKIT. S 28
HRFEM., SN ACHELARTY Ef R ERFRH S, EFCRS TS
REFERR, FHEATRERGE K.

BAT, 642889 3D AF 5 ELLHENTFAME, AREZ S RAEH R ZIFH
KFEERFULAILE LY. COUPE ARt XA =AM, HEAMBHRES TRS
15 4R B Ao fEAK A 46

(Dzms#,mMc%%fﬁsD%#ﬂﬁﬁ%ﬂﬁéﬁﬁﬁﬁ16mm%
OSFP TT#HK X &F, AETLEAMATROAKRRM AT EORSRE, F—
COUPE AR A ZEMG W%, LHERSCRAE, miXAAFEA AL &ﬁ%?w
T AR e 0 KA )R

A7k R AR

(2) 2026 %5, TSMC # % — K&} = %t X]4F COUPE £ m # CoWoS ##
T, R EE R RAF B LR, XK ENREHEK 6.4 Thps 89 EMABA LT
ik, FoRKIAFEFAITH H— KA 50%LTF, ERFTHH—KE 10%A T

(3) HF=KR 7o EAERBILAEB KT, COUPE iZ47 /£ CoWoS Interposer
L, BAREHEREIR 128 Tops, RNMEAFEZEPEILEE A S, L BEARD
TFHEEZNE, RARAG K AITE, TSMC & 7iEAF B — P By f 2t iR,

B 60: TSMC #i#i COUPE ¥+ 4

3D Optical Engine (OE) for Next-Gen Communication...

Optics is crucial for rapid and reliable data transmission and lowering network power consumption for Al

EIC-on-PIC stacked using the SolC-X process (COUPE™*) offers unparalleled interconnect density while
maintaining optimal system power

We will enable COUPE in pluggable in 25, followed by COUPE on substrate in a CoWoS CPO with a 2x reduction
in power and a 10x reduction in latency in 26

COUPE on CoWosS interposer for another 5x reduction in power and 2x reduction in latency is being explored

Pluggable (OSFP**) CPO with Switch CPO with XPU
1.6Tbps OE on Substrate in 2025 6.4Tbps OE on Substrate in 2026 12.8Tbps OE on Interposer

in Pathfinding

l_jx g1 g;!
% : [ XPU : [
E: 100 =

#H %K : Kevin Zhang {TSMC 2024 North American Technology Symposium Highlights)

TSMC A &HIm G HmRAT HER, ARBRG I EZHEZ—, ARBAE
HE e B b A %#’J , A R R AT R E AR KT, BT A R RS S
BRK, RAMRERRSTHLEERH V0 ik, — 38R T EERIHIESLE,

i 4l B B G H A9 4E S A ik R 39/56
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E61: TSMC #4423t K% & B B62: ¥ H FMERAE TSMC HERKZ —

Integrated HPC Technology Platform for Al @

High Performance _ Co-Packaged Optics

Memory Advanced Si ~ + TSMC-SolIC on Substrate or Interpose

Si Photonics
. el B - — o
I3 Reilve Dia~ l

Substrate

(Mid-to-low-end Mobile. RETCE
umer, Base Station, RO - - - - - - - -

Networking)
Large Interposer + Embedded Components (LSI, eDTC, IVR, active die, etc.)

F#t%& K : Kevin Zhang {TSMC 2024 North American Technology — ##F%& & : Kevin Zhang {TSMC 2024 North American Technology
Symposium Highlights) Symposium Highlights )

B AT, 6 M EL Ansys. Synopsys #= Cadence &1F, 77 K LT & & R 4Lt
71, TSMC # OIP 2024 A5 F%itiz Lt — ¥ B 7 A48 & B AT A 09 L4+
COUPE %itiaA2a9 TR, ¥ vAF &, Synopsys 4= Ansys T B Z 8] A £ VR 2 o
o, & #R¥ it X 5 Broadcom. Nvidia % & 7 & B 7F & 22 £-F# K. CPO 547 = &,
X — SAE GBI AL RN 45nm 2EAR B Tnm, H AR K T L4248 2w b 0d I #,

B8R A, TSMC it 30 3D A5 51 &, ARG N T K409 J 48 P o 2 U4,
W BT R Kb MR A T H ARG 04, @M ZEN, LRAETY RET @4
K AP, TSMC 89 4% 7 kA 23t — 5 8h h AR EH B A6 & &, Bl i+ 5 Broadcom.
vidia FREPERFTRAEXALEARK, FRELSZETHHRRKYFoiT R, Ea
LSRR EF, FFHEAET TR T ERE LT ERTR R,

B63: TSMC 4 5 & %X #4) COUPE &+ T &

=% | COUPE 3D EDA TOOL READINESS

Electrical-Optical 2 :
S EEro -

Incremental EIC and PIC ECO Integrity 3DIC 3DIC Compiler _—
| T ———

e Clsun 30 _ Redbowkscer ||

® On-going

#A kR : semiengineering I b

3.2.3. Nvidia: GPU £k 40k, B A B CPODWDM # £

Nvidia ##F K&K F CPO # K. Nvidia £ 4 £ GPU £k ik, HHE /%A
# % Bill Dally /& GTC 2020 b/ 7T L A# AR LI ET @FF . £ HOTI 2023
b4y “Accelerator Clusters: the New Supercomputer” & #, #t—F ETTH XAT

iE S B E LG & 0AE S I E Ak F 40/56
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CPO # K9 LB R ot itiL,

A7 R AR

R 8 & S LA IR & T A, PRAE T fMHCMNAE S E—
2, FRRNFENE, AR, BFEAEEBEHFREL, @dXLRTME, CPO
DWDM A —ATAiTa9E4F, GPU R, CPriEdEey PCB LA CINCE
AR Z 10 G AE i A Bk, X AR T RE R T Ark, @yalde, i,
1A% P iH #6049 B Z AL ARIK, CPO DWDM 7 %69 B 472 £ A b ¥ 41 £ K 89 27 #6142 %,
KA, A EAREIGAMLGFEECH, FRESL PCB AL WETEE.

A64: RRMEEEHELT TR S F LA 4 F65: CPO DWDM REANGZ SRR S E

FOM is for the WHOLE Link

Goal for Co:Pa;kaged DWDM
Figures of Merit IPoser PCB  |CPO | Cable |AOC
Power 1073 5x102/102 5x102 10" Jib

IPoser PCB |Cable | AOC Cost 10" 103 10° 10 10° $-sib
Power 103 5x10-2 5x102 10" /b Density 10™  5x10" 2x10'2 5x10'° 10"  b/s-mm

= = = = Reach .005 0.5 100 - 5 100 m
Cost 10 10 . 10 . 10 . $-SIb Lower power than cable with comparable cost

Density 10  5x10" 5x10' 10"  b/s-mm Density higher than PCB
Reach 005 05 5 100 m horeishamie e

F#+ & & : Bill Dally { Accelerator Clusters: the New Supercomputer) % #F%& & : Bill Dally { Accelerator Clusters: the New Supercomputer )

AAELEZGY, LM FH GPU FFKRHA CPO 4. LGS HBALHE 6
MNABIE, REFARLFE, FBIFRATEZZANERIG MTP LFEEZER,
GPU F ¥ T h L4 % A GPU, £ A CPO £ 4, il it NVlink #4 £ @4k, AT,
GPU F o Alst — & 4, 5 R MR ML F2 GPU MLE .

B66: XB|ALFH GPU F¥RA CPO B4 B67: GPU . R#MF o AIH AR08 IR
SYSTEM CONCEPT SYSTEM CONCEPT
GPU rack Switch rack
Switch card

##+ & % : Bill Dally { Accelerator Clusters: the New Supercomputer)  #F& % : Bill Dally { Accelerator Clusters: the New Supercomputer)

H R 7 &, Nvidia #r 2 w42 T R A RAS1E A, 12 B AT A DFB LB A £,
B R AR RSN K S 5E . KRR ORI 7)) B, A %) 58 BlLE 25G/s-200G/s,
BHRENETFARBIGHE R, BICROS AL - RERBFEAKE, FAETH
AW S, AL LE, FHRANGDERL KA 35p]b, EF KN 2%
HE.

F 5L R EL)E @A S B AR E R 41/56
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7k KRR
B 68: Nvidia CPO DWDM % #1K | DFBLRA=#IF 8 FE69: AR & L 2 H
&
GPU/SWITCH DWDM ARCHITECTURE
Dense Wave Division Multiplexing ENERGY ~EFFI)CIENsCrY
1 Hext
. fer e 1 O W ki gowr z2 [
R = ECtohost  0.25p)/b B o250 M 025000 ,
i::‘:d RX mlclonhng . tuned to individ ke

TX rings modulate data on each wavelength

l!_lll[ll[ =

RX rings demultiplex data for each gth to send to p tor
. P
TN oM ermrrrreB(o
/SWIT W Tl : 1
GPU/SWITCH DWDM ARCHITECTURE L e 00 g::mu,_}
{periatizers and modator drivers) (Geserializers and recerven) Laser power
Modators eput [ 3dBm on fiber from laser
$ * e T v g iy 30w ol g
mann i » peiancw
ER(@) @, | "

##+ & & : Bill Dally { Accelerator Clusters: the New Supercomputer) % #F%& & : Bill Dally { Accelerator Clusters: the New Supercomputer)

?&#**#JJ: K 5] %@ s K Interposer 5 MG K LEE, H & PIC £ T #
AR E. KT, 8BEE, EICKETFT PIC 2L, XS HERESIETE, &
Aﬁi%%é’afﬁim@%wﬁww% FILE S, ARBPRGHBTARKS . B2
B % . GPU M4 #yAe s puin 25 ) £ 40,

B 70: Nvidia CPO DWDM % #) ¥ % Al 2 & Interposer

PHOTONIC CONNECTED GPU/NVSWITCH

EIC/PIC Optical Engine on Silicon Interposer

Optical Engine (OE)

24 NVLINKs
4.8Tbps per direction

24 laser fibers
24 TX fibers
24 RX fibers

~5mm x ~10mm

##t%& R Bill Dally {Accelerator Clusters: the New Supercomputer)

&, Nvidia 89 — AR A A E] S AR LA 7 5T 400Gbps, H P& AMRk LA
ANl , AN A T 200Gbps. KR AR B HAR £ 4T 800Gbps A= 1.6Tbps. H
AT Nvidia 413 7 WK% A, tb4e RPC 19 #3014 3F A% % DOE & F 2019
Ao

o

i Gl B E LG B 0915 B AR B A iR B 42 /56
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T RERE

E71: Nvidia %) CPO & & pLig & iX 2| H A% K 4F 400Gbps

B 72: Nvidia ©4]i& CPO & XA M X% K

SCALING
200 1 25 8 100 08 20 ; -
) 400 2 \25 8 100 12 20 £ -
800 2 25 16 150 24 10
1600 2 50 16 150 24 10

BW density assuming
127um e pech o |

each X
e

Silicon interposer/InFO will be needed to continue to scale electrical BW from host chip

PHOTONICS TESTCHIPS

F#H kR : Bill Dally { Accelerator Clusters: the New Supercomputer))

% #F & R : Bill Dally { Accelerator Clusters: the New Supercomputer)

Nvidia 5 AyarLabs #4844 7 X CPO. Ayar Labs 2022 =% 5 NVIDIA &

M ik AT B

IMEF R TR BRI KA A, LR SR E T R Ayar

Labs 893 K, HAKE NVIDIA =BT K &a 5. IKIER foAB kN34 T 5

B B ERIL BT R R BR8] R
(ML)

AZ A Al FodlB 53]

Rl Aeig X F VO BRI K AR A,
B RAL A AR 2 AR K,

Ayar Labs A& A W] ERAGARNE ook, 8] 454 T # AT # A A= Chiplet K&t

— KB LS, f S E B0 TeraPHY GRIE S A
ZHAR), AHELFEALA, L F TeraPHY &1 A R AR,

KX H ) F= SuperNova (Jk
AR B

ARE, AASMEKRBFETRREFTEER, AT~ wld 8 MR EAT

4096 Gbps 893G Sk &, ANk L HE/ R 2 256Gbps,

/% K 32Gbps.

B 73: TeraPHY #= SuperNova ¥ %! 4 3%

BN R 8 NEK,

B 74: TeraPHY X A& X MF A F

SuperNova

16-A DFB Array

1k

16-A DFB Array

8 fiber v-groove array

1x12 MPO Connec tor

2x12 MPO Connector

24 fiber v-groove array|

Wide Parallel Electrical O Wide Parallel Electrical /O

TeraPHY

TeraPHY

SoC In-Package
Integration

Micro-Ring

Resonators 1/0 Chiplets

+ TeraPHY™ chiplet for
electronics (TIAs, drivers, in-package optical I/O
equalization, control)and | |, Multi-Tbps with
photonics (waveguides, <5pJ/bit

modulators, detectors) on
asingle CMOS chip

+ Integration with state-
of-the-art
CPU/GPU/ASIC

+ Direct from the
package optical I/O

Dense integration of all

Up to 1,000x smaller than
optical devices in
traditional ethernet
transceivers

+ Nanosecond latency
(no FEC required)

F Ak R : foresightnews

#FA& K : Ayar Labs B

TE 4ol B I TG H 094 B AR B A iR A B R
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FLEERE

33, T3 AIRRKRGRIB/MERKEK, CPO TERERE LR
CPO i%hL Al ARG F b MEBR, EALERFEIEATHE R AOT
=T, RBIAFEARLBRERERAETPHROREILE, ALK Al 53R A%, Al
EBABFEEK, ATEHMAEREN, ME&FE. Martit, hE5 5 aR

bR HER, WAL GRE, S350, KHHEE T @i KHA L, Al AKX CPO
7 BRI Bk T G,

B75: AEEEZHRARMELE

FIBER-OPTIC COMMUNICATION APPLICATION TRENDS

Pluggable optics evolution

Q)

Moving from copper to optics

80's 90's 2000-2015 2016-2023

>2025 <2015 <2023 >2025

Metro/DCl (10km - 80km)

DC building
TREND: Spine-Core (2km - 10km) OPTICS e
: DC Big Floor | OPTICS
Optical . e
interconnects Leaf-Spine (500m - 2km) |

DC Small Floor
Leaf-Spine (100m - 500m)

tend to
penetrate the
rack and
computing
systems.

Rack-to-Rack
COPPER

Board-to-Board
n-3m)

DC Inter-rack (50m - 100m)
DC Intra-rack (3m - 50m)

Within System (<3m)

# 4k R : Martin Vallo {Co-packaged optics are inching closer to reality)

3.3.1. Al AR EMAF TR EN, B0 LK R ZE

Al A STHRAE KRR, %0 AR B RE#EK, A 2019 55 2RKEF O
FALFAE S NE A P W B, #R4E Cisco #4E, 2010-2022 SF A IRFIE PO F 4 i
BRI T 80 45, AEAIRUM AIGC #9beif KR F &k M 452 M6y %= GPU 8940
#ik R, #H—FwHIRENE LFHEOWEE K, 2023 FHEA ALl TF, Al £—F 696
] R BRI RS —E, RBFORBE AR AERE, BATEANEREH

—FH ey PR KM, T 2025 5 25 1024T 6952, R 1.6T A2,

B76: ASIC # LAHFHFEH—F B77: AR MREIRM ASIC F LT &
Relentless Advancement - Switch Silicon Bandwidth sar g Sy
1 1.6T é / Quad Speeds
vy “ s00G - / Dual Speeds
102.4T7 % i / ‘_/
12 Years @ ® - / Serial Speeds
7 Switch Generations & 2006 )
4 SerDes Speeds 51.2T =
4 Switch Radix Increases @ _.E 1006
50G
25.6T 256
@ @ @ @ 12.8T 106
6.4T 2000 2010 2020 2030 2040

Switch /640G oAl

Silicon BW

1.28T

Standard Completed

O Ethernet Speed C) Speed in Development

F# & K : Rakesh Chopra ((Looking Beyond 400G: A System Vendor
Perspective>>

## &R : Sandeep Razdan % {Co-Packaged Optics Integration for
Hyperscale Networking )

S ob A E B G B 64T B FE e R A R
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3.3.2. Al £#oig Scale out, J&3% M %40 M 353 538 3LME K

ARBFEFCE, QENRAZFEHRA%L, UAEAARTHERS, THR%: £
— AR5 AR S A XPU, i@ % 1% A 423849 41 % 4, 1% A X €46 NVLink. Infinity
Fabric. PCle; /E#M%&: AT —ANE#HEZARS S &4, @2 XPU 49 NIC/DPU
895% 0 ST S E 4, 4 B X845 Infiniband. Ethernet; AJ5% M4 ¥R 45 5 & 4
EH AP, @i CPU & NIC/DPU #9355 0 #H 4T A 4% 4%, & A 143X % Ethernet.

B78: AEGHRLEMAHEFERKEBENE K

T XE R

Data center interconnect (DCI)

Data center

FH# kK : Marvell B W

Al MEGEH TR GPU ZRELR, MEBSRALARMER. FARMFET SRHY
T, BARFE S MM REE W F LA, WFT A% CPU #HAT# I8 3#%;
AL TR % 35 ot SRR 435 #7138 GPU #2418, IR % % A3k GPU z I3 i PCle Switch %
R NVSwtich %K FHAA LI, GPU @I meIMFH5EMAREFBORF L
B, FIETEZRAEE. B R RA M, AR S 50 380 s 5% H 2%
48/ (Back End), w7 HERF B ME&ZOHE, LAhTHRIEM, W,
HAE R R RGEMENE K,

AUML B3P & T HREREE K, #—FEHRBNELR. BHMETRA
iz l RDMA # K& RoCE AKX WA= IB M40, 4 650group 4%, 2021 SFZ 77,
RDMA 8 7 MAEHF £ 40 E TlLE A2, 225 HPC & A a93E3), 2023 5F,
BT AUML 3 Z 6938 K, 7355 RDMA 8% KA £ 60 12E T AL, #it 2] 2028
FHR R 2201CET, Kb EBABRIIEEE KA £,

i 4l B B G H A9 4E S A ik R 45/56
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B79: Al M&RMF3h) GPU KT K E80: RDMA T 3% ¥ X #AE Kb K

S25 A

S20 A

$1S5 A

Revenue in Billions ($)
n
=
o]

FHERR: ERFEF (FHEL P IB A RCE RAHKIER) FH B 650 group

Al £ #/23% Scale out, KEHFARFRRXEZRIEME K, A AIEAL
KRELEEK, THEHFABRAEG T, TFHEEZTF. +7F, FTREDTEAALKX
AL 40 B Z2 M), K kA 2 A Scale up #= Scale out P /AN Bk 5% L8 /) ALAR 69— AT,
Scale out #EFH AW EMM 2 Em 3 &, 4 BERMIBRE, TRRESZRIEMNE K.

Scaleup: T Z2FIRFEANATEAGHE AR, HRRAZHGH AR, £
REBE@EAE A A EH, A A100. HI00. B200 DGX % 7| 4 4] 69 %4~ AL R
FENIREABA T 2d QKA A FAIE L NVSwitch % b IR, A kA 2l
TAEANZIHRLHE AR LF e 16 F. 32 FEIREY Swtich %/, A4 GPU &
b 89 LIK K B AL, 3% IKE I 1T 3 MoE FHT 8y M At /1, B4 GPU
FRIZR G, BdHREREEFRSHE AR LR, RAZRSBH M
FEHAEE @ 3 AR 4 B B3, A GH200 NVL32. GB200 NVL72 #1, %mmiri
BIHANEZREB BB R IBIEINLIE, RAZIAEL A, BFEid
] LR YR £ NVL576, RAFANT EGGH k.

Scale out: T2 FLHRAIKEALS T L, #aRAEHELL AL, %
ATAL )8 A7 2 2 A 400G/800G A £, ARA Zilid £ %R Fho 1.6T 48 M LIk, AR
BABKWE, XHLLH EHRILIK; KA CPO (Co-Packaged Optics) /NPO (Near
Packaged Optics). % ##9:% % C2C (Chip-to-Chip)3t 32 % 77 A [ 0t, 3t w4273k
Pt g, AR HERAMERM T GPU 1 4= LIk, Rid
A E MR ARINE S S0 LI, A2 BRI RERE 3, 4 B4HR
RA), &AW Torus. Dragonfly ¥ 7 XM, FANTFTm7 k. +7 FE#HIEE,

B8l: H %246k % @ eLts Scaleup # Scale out FE82: Scale up + Scale out #) 5% J& 3% M %

t 444
LR

il il W @D 00 00 W

-Scale Up +'Scale Out = Back End

g igiiguiguiguigugin

dn-a|e2S :joAaT Yoy 18 8sealou| yipimpueg

Compute Storage Al/ML

Clustering: Scale-out

F# %k : Broadcom FAH &R : Charlie Kawwas {ENABLING Al Infrastructure))
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3.33. Al H SR REIE, CPOFERLELE

CPO REBRE. H#. EREEINEE LHALKEF SO RLEHETE, 4
KW LER R OGRIA AR, AXKK, FAZXLNARE, AEGFTTERRA, B
BB E R, LEFEK, SBiEh4ER K. £HERRKBTHERLELELS
ASIC R ERA-ANHMEARA, t—FBETAETMAFELELZ N GELF L
ERE, ERBAERA ASIC SR Z A6y LEF F RN EILT 2K 4. CPO
BT TR AR, FHEERA—ARZTR, REZXERL 40%UA L,

ME ATEH O PER T 7K, R AR RRA VUK AiRA R 589 NVLST6 A 1,
#% 4% Broadcom #9455, NVL576 ¢4 8 /~ GB200 #LZ, 4 44 L2 AR, HF
.4 144 TRAYS X4 GPU/TRAY=576 A~ GPU, 8XLI1 3 &ALE X 18 L/ E+4 X
L2 ALIR X8XL2 LA/ =216 & &ML, 648 /~ 1.6TOSFP £ (AT L1 £ 12
[ 6 AR B ), 200G/i8 18 69 4R B ik . T 576 ANGPU a9 R B ) R 254 16.2kW,
ER A CPO 7%, AHZMEKE 7.1kW, F£5 9.1kW,

T RERE

#—4, A NVLST6 #t—FmA 7 FE#HAM, VA30528 GPU £# A1), 4R
#% Broadcom #9455, & F DSP TH##K 7 %, H LA 2] 832kW, KA CPO
7 A BIEIKE] 366kWo

B 83: CPO % £H 2 H &IEik Al £#H

..and we still need more compute!

NLV576 with LIQUID COOLING
8 GB200 Racks, 4 L2 Switch Racks

| NVL576 (B200) 648x for Savings
L2 Interconnect 576 GPU w/CPO
DsP 16.2 kW 91 kw
LRO N.7 kw 4.6 kW
CPO 71 kW
216
> SWITCH

30K GPU_ COMPUTE
33,284 1.6T LZOptical
Intereonngetinks

Savings

w/CPO
DSP Pluggable 466 kW
LRO Pluggable 599 kW 233 kW
CPO 366 kW

F#F &K : Rajiv Pancholy {Will You Need CPO in 3 Years?). FF iR iiE 4T 50 AT

iE S B E LG & 0AE S I E Ak F 47156
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4, CPO XEZRAEBKX, ALEWRNE * LFE

¥k E, CPO REAZERE. KA#. KAK, MBRYRIARRSTE

—o RAR CPO A R FayHhAaEMmY, 12 CPO BATA T~ it#ill, hTHKLE
%ﬂ&% B ERAFBMGTIHET L. AREFR LR IRE . 1Fh AR
fREHEG—IR, LREMNE %wﬁk%%wﬂﬁko

41, BKF @, CPOALE., HFEARNXE G GV @ Wik S Pk

(1) #EILZ: CPO P AE TSV, TGV. % E 5% K L% AM . Bumping 4=
GSRBEEFRBFETOHXEHERK, S XEHREA L QKL S, i TGV
BIAHARTRAMGIIZEREDTAR, KEH TGV m L FEMK, Kk KA
' F, TGV M6y LR R felt B bk TSV %3, BT REBOARER E, &
5% FH RDL &4 & RF, FOBAG 6 Sl F S TEF KW RT HE TSV
i8I T, LA AAA RSO ITEZEK, WINET R & ARE, GFEBLENRKR
o0 F A v 42 M 6 B) AL

A7k R AR

(2) BAMAERA: BATeEARRKLIA —LFELIRGEAEAD, tdadadfT
BV BB O ARA . 2T R IR F 5 TR BARE . 2T SUIRIR A T 2 F Ak
KAZE M F 0,

(3) BBEEK: REFHIAME S, THRFEEAREY, FwtBesfeFL
FEHHRE, CPO P HBA S Aol A= BT AR, §TFAFOHITHRER
AR, AL R A CPO 7 — APk

(4) FABK: BEEREENOTEREG, ARG FHG— KT RDE, 7
AHARE CPO MG AR EFRI, & T CPO @iEH LT, ©F, #hAF
FRIXFM RO L ZRGHAE, HHARKT EHMEL, BaTLTRT A5
& (PDA) T ARG REAFHG T B/ A, 1247 AR EEAK, RiELH KA ZR
KB E, RteFititAsi (EDA) TAKS A TERARAZAALG A, Ak
RE9S N R TR B A R BT B0 T BAE AL R KA -k F B A5 A6 K4,
ARRAC LR B RABE T LN EZ 54, TURZETHE. A-E-#-7
% W ) 09 35 L AR S5 VAR B -3 55 B e 95 ROT BB A7 Bl mx A A BAR
8 K AL Ao e B

(5) MiXAREMPEK: BT ACHRABEE S A B SR T EHEE—
A, XLREFMXGFERT K SZHEK, ANASHELEHEZIATRRGHELD
HRE, AEARRGMNREZR, EHEOAFEHLARZWBEFE, RAF
2R REN o S

i 4l B B G H A9 4E S A ik R 48/56
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T EERE

42, ZLHE: AlIRK CPO #EX 5 THER S ERBES

FIE Yole %, CPO HABET, F kit h TR, A3IE. RALR. &
FHRH. #AKT, #4&8F (CPO4AEX), A CPO & k#)iZ F M #, CPO EZ
HRERTRREREATHEL TR, BAESWTHEELE BT LERT, 2
BRATLERTE, MERSARRE A, SR A, ELBHT Aieis
TRALERALL, LB LERSHELT T LA B F A RTF R

(1) CPO ZEE5THRFEFLABEF, BATTHRAE T AU LT
ZAEFRH, BERRIVLARZL, COESZAERTHERET. £5AHE
FedE B A F A (TOSA #= ROSA) &9 LF NG, 2% I RAE. RFETLES
(DSP) #= PCB, WARAF/MXERT, BLKREIF, 257 BHX%; CPO &
FRMEATF, MAESEERGERE R GBI, TR DRI FIEF
FHE, AT AL P A S LR EA B KB, %éfdﬁ}zﬁﬁ%”*%ﬁﬁxi\&m
TR R T AP EH LA LT R, REERRAETAIFHEEN
ERLL &Il R éy\%%ﬁ;ﬁ%ﬁ%%ﬁwﬂ%fﬁiﬁv’a*%T%@%#&)@#%#%FE’«%Jl
#, 1B TTHEHNI RTHHFAFHR, -k, FRRMKRZ (TFLN), 48
M (BTO) %, TAI BRI E 69484, 3 BT AAETKE A ML F Rt
HHERTHESTH; RE CPO Mrh ENEIRIEZLIE4HN KA ZZER, 20H
HFEPRSLHEEPSCHAR ARG LERK, XXKEHH CPO ZHPA; F
CPO A A ZAHAK, THEEBRABRRK EREF ERTITHGIUN R B FAH &6
FK, Plekit g Af 8B F S, BRTHERT EH 24 CPO 7 £ KAt &
B, AR KF BT LTRESEL,

(2) CPO LA 2 FHREARITLL K. A AUML ZAMAE, Ak#K
TAXEE, SR-EAAB-ARGT FHE DK BRIT A RAEE = Bk,
HTRZHATFTFHNELR IR (IP) HIEKRIAEFA, Bt Tower
Semiconductor/Intel. GlobalFoundries. ASE Group. TSMC #= Samsung ¥ k& X L
JTEERGHATF T LRAL, AN ST AT R AR (PIC) RAH.
oA A= M A5 Peripheral Component Interconnect Express (PCle). Compute Express
Link (CXL) #= Universal Chiplet Interconnect Express (UCle) 47 bB8; /)
R EEAE A IR ERIRKAREARTHRAR LZ% (SoC)  #3tE,
XAEFER —3tRF TURASRAARRE LB OGAM, FEdE RN %R KR
BHERE, HANE R AT ME A E SR B R AR ST H A/ A B R TRR
HE T,

i 4l B B G H A9 4E S A ik R 49/56
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TR RERE
F84: CPO /= it F ik #
Supply chain of selected co-packaged optics players
Design Optical engines Laser suppliers for Merchant silicon SiPh Foundries Equipment ve: indors
ltr:unw::'v:v) OEs. vendors (IC/xPU) (CPO assembly)
i 1 1 TR p—

intel int inte] Bwer intel

macom
AOL 0Nt

altal
cisco

BM

RAGILE intel NON D O:Net

7 LUMENTUM

V) AyarLabs V) AyarLabs S

S &
_ 2 4 —
Opentigh
“ OpenLight ‘. OpenLight ‘-‘nuri;l;

TH B : Yole

HMNINY, TETREAABRGE—FTRE, BRER/ENT BHRER L
BREAER, AR AIGC H 7 % Kt & % T\ AKDH. KR A0 K815 7 £HE R,
CPO A2 A& Al HRE KA LAEH, HARMAE CPO AMEKE 010 £ R
#—F R, BLEAATHEEFATARRZEERER, #AKH (ATHRSE
REE) W5 H BEA IRBREG R A RAA EadTR, EFHEE T HEMBRG
2R, CPO L EA BFENE— P i, 125 —F &, CPO HEHEAELE
EREFTEFTH—F, ZERFHLLRESERMT = LR, HAREZRTHE
RITENRBRTAT, AETHEAAERTEEATRARRAZETTHEAKRYS, HA
PRIEZ KR LA, HIE Lightcounting i+, CPO & 7t # it M 800G #= 1.6T
S0 HF4E, F 2024 £ 2025 SFHEEE A, 2026 £ 2027 FABAE LS, 28 AT
ARRAZR S A OHBLEIED F. 25K CPO s a94 B &M 2023 5749 5 3K
2] 2027 69 450 7. 2027 F, CPO # v & 800G #= 1.6T &5t &4+ & rbigi
30%. Yole h-&# 4% L7, 2022 5 CPO 3% /= A4yl Nk 2|4 3800 77 £ T, M
it 2033 SFH5iAE) 26 1L E L, 2022-2033 SF A FHKERN 46%.

E85: CPO THAT %/ H

2033
@ Optical I/O (HPC for Al/ML)
CPO (networking)
® *NPO (networking)
® *EOI (legacy interconnects) 2028
$2.38
2022 CAGR 81%
$38M

$116M
CAGR 68%

CAGRz38 24% T CAGRss3% 80%

*In 2027 EOI and NPO will be replaced by CPO

@YOLE

FTH &R : Yole

iE S B E LG & 0AE S I E Ak F 50/ 56
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5. RBAFWRE

HAVRA, B CPO REEZZUEIN AL A FERABS, FLELAE H R
BV A EF, AR EEAERE ZLEBHZERXYR: — ALK
TEHR#—FTOE; —RCPORAKNAERXFFARIZNE R, £4hEE, EETEX
EAT M3k

(1) A3 &R

XX BAI AR BRG] B4 HA CPO M40 B4, B 5R XA KE
B, RAFGRAESR) AT RN S, CPO W REAR LA AR/ ET Hiz
SERAGKFR, — T mEARHAR) AARA»ETALRE, 5 —7 @,
XSGR BERRSFLEL, K BREA AR BRI —H T LIE,

BAIEERE: N LI ZRAS, AAEMETFTRERKETAR, @lsE LT,
W, R FERL GRS S EROGEA, LA Z ik, F 5 A AR
BT ELRE. B4 B TIE, w3 E3M6i s, A, TS5,

(2) REEMRM:

ELS: ELS %A % 7T CPO A XK %, B CW-DFB LRELA LAT#LE R £
AAE, MiA CPO AR, ELS 89F KA 2FHR;, B ALEIZREF K Rig
/A, AASROBEHELEZHERK, CW AREREAZLHFI#—FTKE, T4
ELS % CW %A B

RBREBMH: MR THERTHER AR ST E, CPO ZEAEXBZIA LG NI
KRR ERE, 3 PM A4, FAU., A5 E#ESE (4o MPOMT/F REHEEF).
AR AT 23 5 E e NF), &R P A Fiber shuffle 5 LR &~ &, T8 % LR B 44
KR

(3) £# T LHBk:

Interposer: 154 2.5D 3t K & A Tk K ah, HRABM R IR T A H Ak 335,
A #L Interposer, 4TI RBIMEFTE, EAMX T R ;

HETY: @oﬁﬁi&kﬁﬁg#%%Li,u&ﬁ”ﬁ% K% CPO # A
TEN, BAT BAZAEREAXND REB ARG E BHAME, @itk3]
%%ﬁ BMR A 3 N %] CPO = b4k &

(4) RBHAIR:

RBMKXBE R : CPO A BB RBMT £ —, MA AIGC A&, LM
FLaFERPTE, TARBENEEEA B H:

%2: CPO = b & B4R AN 3]

HeHimey: PIRARG, #HHA. RFBE. FakE; LakRe: &
BB
. TA, LR, HAAHE ., SR ﬁka@ ST N
LR
% TR, EAEAEE
EABET X . .
N S BARE: B, ALE. BEAAHE

i 4l B B G H A9 4E S A ik R 51/56



FHIRUE S

W-

7k KRR
R AEAREY: RAA (CW). KAEY (CW), T (CW). %
ELS/CW R ‘
Fhfk (CW). kiRt (ELS). AXEH (ELS) %
TEC LEME: FREAR, AHETF
BAm: b RAHL, Filbw: AR KRS (PM). X

Pt ) . N
@tz (PM). REAHE (PM) ¥
- HHARN . RFi84/ZF (MPO); % #4709: Kkt (MPO). BEd#t#
B
. (MPO). #HAit®E (MPO). X148 (MPO). fHEXF (FA).
K EER
K EAH (FA. MPO. MT). tH41#4 (FA). @H A, Fi@L®
T HEARM: AEME, KeAH, XA, SaA. A
HETY LA, F5E. RS, JUHEN, AR, £EHRAA. X
F3n &, BAFHM. KIHHSF
. R/ HHEARG: B BARBE. PGB L HEAR: BERL,
AL

%4 FEAB, R KRR RILAEE
FARIR: FHIRIEFR AR AT

&3: MRARKBIE

WEHFEAR  EEKD

2024E 2025E 2026E 2024E 2025E 2026E

FERfE4]  300308.8Z  EA 136.85 1534.32 4.58 7.33 8.05 29.85 18.67 17.00
#H B 300502.82  EA 129.42 917.34 3.61 5.72 8.12 35.80 22.62 15.94
X Fi#4F  300394S8Z  FEA 105.60 584.99 2.70 3.93 4.92 39.15 26.85 21.47
FiBA®  600487.SH  FEA 17.97 44327 1.15 1.35 1.61 15.58 13.31 11.19
I 000988.SZ AIFA 42.98 432.17 131 1.68 2.12 32.71 25.56 20.24
AIBAH 002281.8Z 56.00 444.41 0.98 1.37 1.72 57.18 40.84 32.55
el 300548.SZ  AIF4 45.70 131.59 0.59 0.76 0.91 77.41 60.18 50.16
SIHAHH 603083.SH 4+ 4523 121.24 - - - - - -
FiB K 600246.SH  AIEL% 7.04 139.91 - - - - - -
%k 002902.8Z  AIEA 24.54 57.79 0.31 0.59 - 80.27 41.75 -
RkE  300303.8Z KA 7.22 101.68 0.21 0.27 0.34 34.23 26.90 21.23
HEAH 30062082 AIEA 49.43 123.17 0.33 0.53 0.72 150.70 93.60 68.42
FHAA 30075782 A4 227.44 352.62 0.82 1.15 1.43 277.87 198.03 158.56
ALE4 688025.SH 48.97 46.55 1.60 2.24 2.86 30.60 21.88 17.14
JE XA 688167.SH  EA 63.52 57.40 0.96 1.75 2.49 66.17 36.30 2551
BAAI 688498SH  FEA 139.70 119.39 0.40 0.48 0.56 349.25 291.04 249.46
k4% 688048.SH  EA 3931 69.30 -0.27 0.14 0.34 -147.12 27242 114.64
fEXT  688313.SH 4 15.13 69.42 0.11 0.22 0.34 136.18 6831 44.79
BAHER 30074782 A4 19.99 112.91 0.43 0.59 0.79 46.81 33.96 25.15
MEEE 00202582 AIFL 51.27 234.24 1.63 2.15 271 31.44 23.85 18.95
KR 601869.SH  AiFL4A 31.57 239.27 1.16 1.39 1.62 27.12 22.72 19.55
W KB1E  600498.SH i 19.51 231.09 0.57 0.79 0.98 34.15 2471 19.83
KREAE 300620.82 KR4 49.43 123.17 0.33 0.53 0.72 150.70 93.60 68.42
X&RA  300570.SZ  KIFL& 74.20 168.53 1.08 1.66 2.21 68.60 44.81 33.62
#HHAH 301486.8Z  AIEA 47.65 61.32 0.63 0.76 1.16 75.89 62.72 41.26

i 4l B B G H A9 4E S A ik R 52 /56
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WEHRRMAR EHARA

FAAE  002179.SZ  KiIFLK 39.80 843.63 1.74 2.11 2.50 2291 18.89 15.90
EAEA 000938.SZ EN 28.96 828.28 0.81 1.08 1.29 35.75 26.81 22.45
EAHEZ-U 688702.SH EN 89.00 364.90 11.62 15.36 20.88 7.66 5.79 4.26
¥4 000063.SZ EN 40.08 1917.24 1.89 2.07 2.35 21.21 19.36 17.06
BIEMZ  301165.SZ2 KIFH 74.21 421.65 0.95 1.24 1.52 78.46 59.73 48.76
FEEAME  301191.82 KPR 97.78 67.80 2.26 3.00 3.86 43.32 32.60 25.34
##M4r  603118.SH Bk 9.01 70.93 0.14 0.25 0.34 62.88 35.94 26.49

KA RIE: Wind, FFHRIEFRFTHT, BENA 2024 5 12 A 28 BALEN, P FResl, #H A, RFEE, BRAARK, BAAAR, ¥
KAy BAREAE ., PLAE BT RIERFT AT TN, A AR K A Wind — A

i 4l B B G H A9 4E S A ik R 53/56
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6. MERT
(1) AIGC X E#%, B%E CPO & KR AR &

A7k R AR

AW IT L AP O F R R RERAIL, BIRBEAR%sE, BLE
CPO $H K= %R @ F KK 5509 K%,

(2) CPO X T EALETRAAR A&

CPO HRBARKABRNS, WwiEX T, HERKENE 2R K, FMHX
IERBETAEIAA, R"=ZH" CPO K.

(3) CPO =L &EFH T AR "

CPO %A T —RLBEHAK, RAABSE = LAt fRiEm AT h, BEH
REER R R, EMABUREERBAL, A CPO Kk,

(4) BEF HELHGAR

BRI CPO AR FEREZER T TS, wRARERIEALETAIR®, IR
YEFRRE ST K, B R ERAR R, #mEA CPO LA K.
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A7k R AR

4% %) 5 O

GEABRHAZE LSRR, GEAZTHMETFHE L HEFILE®IET] GRIT)) ©F2017F7A 1842 E
XFE o A LA, FRIEFIFRZLTMG RS R ARS (P HRIE), Bl NP6 ik ey o iR L A
BT HEIRE TR E LT HRRNEAKT RS ACE, CSOYEBRTH, HRFIFEELZFTHARNEATRE
AC4, CSHEBIAH, WRUHIER, F2BR. M SAE A AR T 69 E4T 13 &

B % (T o5 PR 6935 B, HAEERAME, BUF LiR! Bt EL FHEMERA.

P HATIFARE

RS AR AR S AR E O PTH FF RATIE R TARA R A SARIE, A RIRE F K TALT AT RAIEF T K
E AU 23 %o T B ATA R BN AT & BT RS RIS 09 0 AT TR BIR B 69 1F 1) B & @ 4647 2089 it & A= e 4
P B P AR S B F ARTTIRIER A A IR 8] 69 BRI SR . PR B ST B T AR AR ARAEAAT IR B 49
A=A EE, R, LHFERRE5ARE T LARGRE T LR LA AERFAZGIKR

BREBRTIFEHNIA

TR B

N (Buy) it AR 3R T 7 3% & I 20% A £
EAIER 34+ (outperform) it AR 3R T T % & I 5%~20%:;

P (Neutral) AT & A — 5%~ + 5% K B ;

#AF (underperform) | #tAaxt 585 F 7 % K I 5% AT .

A% (overweight) TR AT Ak AG AR FEAR T 3% K

& b (Neutral) A AT Ok B MR 5 R LR A

& % (underperform) |+ 47 k55 F B4R % & .

HiE: WREAREAURE D BE 6~12 NA R, ERAAM T IR R ARG EI, HP A BRI H AP
H 300 454, BRAERBABAIRK., WM BB MR GRS K= 454 (4
ST AR ARAY ) . FRLAEAS B ARE 500 R AHTIE R LR A RAMVAERRBKR, REHERS MR A TR
A IF B RIBEFAFEATAE . BAVK A GG R A IFBAR R, ATRFT AL T B BHTHFEARE L HIERG R
R T AAGEIRFERL, e S AT F MU R E EFEGRE. BATH R EEERIRE, URRILEK
TR E 5L, BRI Z T IR kiR 4,

DT AEAET 0 TR LA
ARE Q25T AT EABIR, RRABRTRFEDTEREAETRARR . ARE R 6 EAPEE Ty HBARR
AR LR R, AL R TARIEPT B BAER B A ZNER S .
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Xy

FRAEF A A RN 8 A2 P BiE A MER T IERZETIAN, CEEIERLTEHLEFTHA.

RAREAE T RIERIAT A TN E) QAT HAR “RNE7) WM IAAEF OATFHEMAR “EP™) ER. KAn3TR
SRBHAKEARERALAEP, . ARERRKELFTRIERE PG, BTHLREHA, RAFRIERAE P T
RAERAER, B AFIEFRIERE P, # AR EFHIE,

ABERET AN AATEGCATFAZ L, 12AN S RRIEZFE L EAERT T, RREPROGTH, T
. BRRIEMNARELEPFELAFZR, FHIEERN AN B E R EIER R A £ 58 T B 693037 R A %
o AREPTEHAG A, &N AR R B A N 3] T KA ARE S B AR, AR5 AT 091E 5 IR TTAR A G944
PAERIZ TN TR A A ETRBEH, AN TAE S ARENBTAH. ELRBEMNAR—RGRE. BF RS
HIEB| KNG TR A AT R A REBENEG A ZF R, TRARREABBEZT LG E—RE, KRS TP AT
R RTBIRSGTRAESNANE P, THRE P RAERE L Ao s KARARELSFIERAHE P 4746
B AR MHRARE Z. AN ENEF BFEEAEGETELRERRZEFESLF TR, AR (EAH L
£) BRI EAMELT, AREF 6912 8RR KO E LI M SRATAEAT A G BT Z B AAETH
T, Ao 8) RIFAEAT A B AE B AGRE P 09447 A 8 AT 5] A EATAR K RARAT T, 5 AIRS 09I ATE AN 5] 8%
BR, AT RIS AT R e 2 R AR B KATAT R AT 598 R = 45 A 9] o

AR T REIR A L0 W sh 69 3 uk RAB R 43, AT 7T A8 30 R AY T IRIE A ) sk ASM 6 b bk RAB R 4% 4%, FTIRIER 3t
HEABE R T ARSI LI RAZREEIZ BB R AT E PR R HL, $42 M b6 N AR AR5 694E
a5, BFPE A AITAIR X & ® k69 5% R %,

FRIEFR A ZEAFHRFAT THE, BT AKA ARED ZIERREATIER RS, REAIRE D RGN 3] 324t
RF PR QT RAT L 5 ANIRF R L F L 5. FRIERFTREARES AN EELFXR, L
BEARERFLFXRBGEREF

ARE G AT AN ST R o A3 ARERE —RA RIFZHBEIT, TN AIRE T OGPTH A RRAL
BN REANSFRB BT, RRFGET DA TG AMET 77 XA Xa9 45 N, B P15 2 H)
S, RFRD RBAETMEALN, ROAAEFTZAC A S A FAl 77 A& B o PP A AJRE P A R BB AR. IR ARIT A
ARITH A A S T AR . IR FARIT AARIT,

A7k R AR

T IR AE AT AT

L& ]

Hogk: BMETOH AN KL KE 1788 T R K £ H15 ik RITEE K £ @ 5%20305 LA 2 PS5
3% 45 %

BR%: 200120 BR%: 518000

W44 : research@kysec.cn W 44 : research@kysec.cn

£l 3 %%

Hohb: ALFTHIRE G AN RE185 2 KEC2EIE  Hik: HET HH XM LHAE]1FTHTZIIBES &
WR4m: 100044 R4 : 710065

W44 : research@kysec.cn W 44 : research@kysec.cn
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