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1.1. CPOARIER

¢ FTESHENHK.: RERENEENKENSIE, TXN12F8E, HEPONNETIRTRERE 7 80fE, BERMUNMEITRE
INFERRFHEN8ES, FRRINFEIRF 2615, Mt FSerDesINFEIRTH 2565 . HUBP O RARMIE KT RARABXAITFES S, HT
X BUFTAEIRTT =AITFE K

¢ KEIEFERMG (cPo) RHPBRIBRAIAR: IRASICE RTINS ZOEFER P ER—SRER MR, BEELFKLRREE
Bl ASIC S SR, TRERFRNEMNRIIRESAE,

¢ REIHFEREK25%: RIE Cisco Feit, XFLUATHAEK (Pluggable ) 7558, CPO J3EREEMBESASICERE AR CRIRFIFININFER S I
{[£50%. AJf# 51.2T RS INFERRRRIX 25%-30%, X 2R TEIE T 6 F 54 PINFERSRY DSP, LURTE AsIC L{EFAThFERMERY

Serdes
B . XRAGS1L2TRALDINFEN—F & . cPoitHERA
Pluggablefs#s

2016 2018 2020 2022
System Fan Power  RGMEINFE
® Optics Other Power  XFEMBAIFIHFE
Optics SerDes Power  ¥¢*SerDesIiFE

m ASIC SerDes Power ZriEs - SerDesThiE
= ASIC Core Power ZRE S TOFE

-~ 26x

L]
0000

Al

Increase

22x

Total Power

Watts

O

640G 1.28T 3.2 6.4T 12.8T 25.6T 51.2T vs. 2010

0O

O
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1.2. CPORALHRE

¢ (KINFE: CPORAAILAGER S AR BIIELIER, HORERENGESER, NMEEEERFNINE,
¢ (REJRE: AFHERMBFEHRER—IMHER, ESEREEER, TUSHERPER, XN FERIMHENSEBENMEBL
AEE, NHEFROEENSGEES,
¢ SHE: CPORRNFSERENNBEESR, TLHEANTRESE, BEASKNERERTRIRUESREIBERS
¢ EBRHIERE: CPORARETRIAHE, JLURRTHIIERE, BNSERR, SRR, BEEA.
* AKES: BRI R SERZ BNIERERE, CPORARTILIREMRA, ERMEINEEERERRA.
: M PluggableZ|CPORY51.2TR FZeThFEFE(R

System Power

(51.2T 800G/cage pluggable) System Power
(51.2T CPO)

W ASIC M Optics

m ASIC ® Optics B CPU, Timing & Misc @ Power Delivery
® CPU, Timing & Misc » Power Delivery W Fan power
= Fan power

T 5540 B 352 1E 3C 2 1A S5 30 A0 G 3 FE



1.3. X /ICPORNE AR S

& TIHRIRTHELR. 224G SerDesiAREIGHER, H3.2TLA ERAEIERCERIOTEZ T HE

¢ o0BO (HREF) : BUCR=BROXEAM (OEFIEE ) SEERIFRIASICIETERI—PCBLE, HEZUFEASICIUE, 4852 T PIC/EICFIASICZ [EIAY
IEES, SEHRKIURERIELL, ThAEfIRESMEEEEINE.

¢ PO EEBRERAREE:

voo1) BEFENERNRELR, 2kmRLITER, TEEEAREIERONENERK, —So8iEP ORinEREEREN D T ES
QEEVCSELRIRAR, IERAREERES. C(MOSTZFH AR ELIRMARIF N HCPORANEEER,

v 2) BEFVCSELZEAE, 30mkIATER, TEACOBERASERNEIEXER, VCSELS R ISR SELRN, FkL
VCSELAYMRAL ANCPOFRIRTT R, LR vesel FRECPOFREBHMIAHBE,

: CPORARERERGRE

DATACOM TRENDS 6
Key trends - Evolution from FPP to CPO

. i_,a#
Benefits: LN 3 TN || 5
1 B @ Co-packaged @
+ Low-power Demenstrarors S000E O cancept Optics  crOcan regain the attention >
« Higher density CRits leoadeom)  Evaluating PO technoloay to ensure viability in market 8
+ Enables higher system performance L' ."G-’ *;5;
L ; E %
. 7}
Inp ‘ On-Board Optics  woosoystom has been shispod yet 5 E
4I03TCOTOITCAND o
teclggfglt?n%y SiPh technology W gﬂﬁ o
p (| platform i g E
Pluggable Optics VﬁF 7 wls ¢
b tdakfda kg ot dah b datt, A" 2 ¢
Benefits: R R i & £
= Multi-vendor 224G SerDes speed  Very difficult to continue §
« Proven operations will be challenging  with pluggable form factor
« Pay as you grow deployment for pluggable for 3.2T optical module
« Flexibility and serviceability
Module speed:100G 400G/800G 800G 16T 32T 6.4T
_— 2014 2016 2018 2020-2021 2023e 2025e 2027e 2030e
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1.4. CPORARRIIAREMA: OO EitHE

¢ 010: H /O FARBARLS AT ES R REE, JUKIBNE DR BETE, BEECEERINFE, SCHRRERA /EREBEEK
RO ERERE /TIFKE, B, NEERHEBEERTEAZINERIERS (km ) , AERRFERKREHT —MEIFE, KEE00HEA
BE. Y6 1/0 SRR BRMREIMIARBRZ LSRR AR E,
¢ OGHE: SHER—FIKAITERAR, ERNRYESHTHEES, BEAESHHTIHHERND. BERRIEEE. EANTE. BIRAY

MG Rz RSE) S . HSA

ZokR, TLBEENEANEEE, 2 EINAFRE, HREEHNEX.

: 6 1/ORTF S REIRNEER

Q

Fiber

XPU g
SERDES
XPU Drivers
V e Electrical
SiPh IC
Multi-A i @ 2 @ Optical
Laser Micro-rings amplifier

¥ gy

./

Fiber

@),

Optical

couplers

SERDES

Amplifiers (TIA)

Photodetectors

...

Micro-rings

: K /OEBEERT. SEFEE

Fully

T\\
N
/ Integrated

Pluggable

S
Optics P Increased lnteglatlog\d innovations

HVM Today Co-package Optics Optical 1/O

Ethernet Compliant

Front plate
pluggable optics
Ethernet Compliant

Total bandwidth
BW/shoreline

100 - 400 Gbps
5-20 Gbps/mm
30 pJ/bit

1.6- 3.2 Tbps 40 Tbps 160 Tbps
50-200 Gbps/mm

<15 pJ/bit

5 Tbps/mm 10 Tbps/mm

Energy efficiency 3pJ/b <1pJ/b
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2.1. CPO/OIO0mziE‘RTF, CAGRS BIIA69%F181%

¢ RIEYoleTN, HHHERKATLER (A) NRE, HRBELCFE[U—EEIEK, 2022-20285FHCAGRIE/924%, 2028-2033/980%, W
AT 202258938005 ETTIE K E20335F M26/23E7T, EHHCPOEM 2022576005 37T E20335FA72.87/2357T, CAGRII69%;

Ol0¥E M 2022895005 =50 E < F2033 8923123575, CAGRAIS81%,
¢ RIELightCountinglIFTN, FRitZEI20274FECPOR S 5 52 800GFN1.6 Tk [IAYIT30%: 1) AIEEEFFIHPCRIZEIEEAMTEH AR, TTaES

o A

EFICPOEBETEGPU, TPULIRZLAKM . InfiniBandBYNVLInk3ZIRH L, BIMEIFZSETFFPGARINMNERSE AT CPO, 2 ) BAIIE
HIEPOITEERBECPONE RN AGS, —EAERATEFEREEMCPORIT, MEEREREEF—NETFTIRECPOMIRS R

HFTHIRFESRE RN

: CPO/OIOT#%Z(a) 13

2022-2033 DATACOM OPTICS REVENUE FORECAST

ntelligence, 2023

Source: Co-packaged Optics for Datacenter 2023 report, Yole

® Optical I/O (HPC for Al/ML)
® CPO (networking)
@ *NPO (networking)
® *EOI (legacy interconnects)

2022 !
$38M !
/ \ 1
|
/ CAGR 68% \ !
1 \ \
1 1 \
\ ] | $287M
v $21M / CAGR 69%
3 CAGR s
. 4% .
CAGR28: 24% CAGRz5:: 80%
*In 2027 EOI and NPO will be replaced by CPO
@© YOLE O

. LightCountingXJCPORITRN

Figure: Forecast for 800G and 1.6T Ethernet transceivers, AOCs and CPO

Shipments (ports)

800G and 1.6T CPO ports

m 800G and 1.6T Transceivers and AOCs

-00-00—0—0——0—0
LIGHTCOUNTIN

2021 2022 2023 2024 2025 2026 2027
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2.2. CPOF BN ATLLURSS] B

TG . . AT EScPoiig:
CPOIRIT) FIBTEE. Intel. TMEIR. MarvelE] i, EIIXL BRSHENESIZANRMRAE.
Wyt MEEBIEE. Intel. Macom. AOI. LumentumZ/ FEigfH.
IC/xPUI BIBIEE. Intel, HfEIX. BR Marvell. AMDE,
YR 7. Tower Semiconductor/Intel. GlobalFoundries. ASE Group. STREEEE,
CPOHEE f. BB, HiIEMLE. Intel. BEL, Marvell. TfEIX. JuniperE] i
E: CPOBNIERB LIRSS &
Supply chain of selected co-packaged optics players

NS N N NS

jtacenter :

Design O(Pt:::mr:).' Laser ’:)PE';“." for :‘.:Jd‘o::('l :/lxl;ol:; SiPh i (C'DO .s;.mb:y)
snothoou m modbcon mobom Woms ey RucHE
intel intel intel inte| Bwer intel
5 g'::ll's.::tl z g?éll's'élc;. g ‘w-:i macom ts‘mc '.cllls'::lt;'
[Elange, | f[ElenmL ANOK @Q:Nst TR Heea
RANOVUS i RANOVUS g [ e ]
RAGILE intel ANOI D O:Net intel RAGILE
Pumartcbs  Poyaricbs oL g te B Eee
>4 2 AA macom 2 g S 2
&5 orentight &5 Opentight c;:;:m ? Tower Juniper
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2.3. Broadcom#lMarvellfE21. 22FF4#ECPO

¢ 1HE: 2021FH R AEFECPORNLAKMIIZNFIE 7IFEBIHAT A%, F2024F38BBERMEF T T CPORIEHBaily, EI
FE51.2Tbps CPOLAKMAZHEL, R8N ET iR FHKAY6.4Tbps 65 51 Z SEEAITomahawk SAHRHE F &R E—HE.
Bailly{EY s EIERIINFERE R 70%, SRIRRICKIRRIRERARELL, EERFARRES 78E,

¢ BRI/R: 2022635 7EOFCREMMEHCPORAES, BR T MarvellEE51.2T3IRMAIARR3.2T CPOFEAIERY; 7EOFC 2024 EEIRS
1HRIMarvell 3D SiPho5|Z, W NEFZHF200Gbps BIZOFEREOARA, FIECPOSEREIXPURIRML T ERIMTIEEIR; 2025518
Marvel| EFHAECPORIAN LEUS TEEHE, AT EFIANESE (XPU) , EFEHABAIHBMITELN, MarvelBIIiLEFKECPOTE
EREI T —RESIXPUF, SCHINHREIREMIRAE T IXPUFERTESER, FIBESMMMEMBEINXPUERCPOERENGET, NMEE
RAAIRSERMERE.

. 1858 Bailly CPO 35 ##l : MarvellfiEF cpo By F—UEH Al NSRS XPU
Tomahawk 5 - Bailly 51.2T CPO

Bailly CPO
ailly OFC 2023 Performance 30%

: Demonstration
The future of optical networking Power Savings

ond communications is here.

51.2T Switch FR4

8 Silicon Photonic Engines
@ 6.4T (64ch)

51.2T7 CPO links, no
electrical links

Optical Power: 5.5W/800G

T 55 A I B 11 3C 2 Jm 45 2 45 8 AN G 53 R B



2.4. EBEIXRHCPOM M, FINESE™

¢ KTocPOTIEH: ZEMEIXTE2025FEMIGTCAS EHEE 7 Quantum-XEESHHETE B. Spectrum-XEESGELENE H AR T4 HSREI=FRAT #a4)
F=Ga: Quantum 3450-LD. Spectrum SN6810F[Spectrum SN6800, Quantum-X3ZIEHEFIBMEZIEAN, FRiT2025F M LA{E T
Spectrum-XZHRMEFLAKRFLA, Fit20265 L.

¢ HEACPONIEIAK{EEIE. Browave, Coherent. Corning. Fabrinet. Foxconn. Lumentum. Senko. SPIL. Sumitomo. TFC ( XZFi&(S)
METRE ., RERBEFFAAHENCPOBXEEIHT, BEEFRAMINARIZ (MRM) LeTEEXCPOEF, BN RATSMCHIFZ3D
WEEEFSIE, BRT RO CRNEE TR

: RBARRENHEC A : RABE=RCPOIZHAL

Announcing NvIDIA p

hotoni i
World's Most Advanced nics Switch Systems

CcfPackaged Optical Switches

NVIDIA Photonics

CPO Co-Invention With Ecosystem Partners
Spectrum-X Photonics

2™ Half 2026

» 1" 16T Silcon Photanics CPO Chip - Quantum-X Photonics
2025

New Micro Ring Modulators 2" Half 24

& ™ 30-Stacked
with TSMC Process

® High-Power, High-Efficiency Lasers
® Detachable Fiber Connectors
B =1 ® 100's of Patents, Licensed to Partners
T
tum-X

Quant
Integrated Silicon Photonics
2% Half 2026

144 Ports of 800G | 576 x 200G
CORNING  fabrinet 0 coxconsy ZLUMENTUM ; SENKO'

128 Ports of 800G | 512 x 200G
512 Ports of 800G | 2K x 200G

T8 95 0 B 32 11 30 2 J 5 B R AN G 5T H B




2.5. BFREEHCOUPEFRS (EEBIBRANFSIE)

¢ CcPORI3nmEHIREHIBS AN : 2025518, SIREMINELICPOSAHESH I ERANER . ATRBEESEBEE(E, m3nmI 2L
R AT CPOKHEFR K— —RIIAAFIZR(MRM), BEE20255F FEFE1.6Tbps G . MIHEBRFBX G ANSTRETHEF,

¢ EREBEARRERBERANFSIE (coUuPE) HAR: XASoC-Xt SR, BBRFOHESENFORZ L, NMEEE RiaEz
B, HRRNTERESHIE.

¢ COUPERBITHIB=MER: (1) B —HRCOUPEISEMEIREI1.6TopsAIOSFPEIRKENR £, EHEEEHE L AIFSLAKMNIRE (&
=800Gbps) » (2) FEZ{coureELAcPOFL N ERMEICowosEize , 5E—BLL, HARAAICOUPEREZIFSIX6.4Tbps ISR E TR
=, BFERER. (3) FE=KCOUPEERLECOWoSHNE L, BIERIEFF12.8Thps, BT ENFIEEFIFALIERAS, Bl
COUPE-on-CoWoS IEAMFIREMER, SRREEARRERRA.

BE: TSMCH#EH COUPE £ &

ah.
3D Optical Engine (OE) for Next-Gen Communication. #’Hi

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 CoWoS 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
| ‘ 1 B
} Switch % %u XPU | : g
0 P DR
i [i
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2.6. BRI BmFEAEHCPOM M
L CPOSTIRAN S 351 2TSERAE D), &

® FHH=. MF023FMnEIES, B A& T 800G CPOREYEHIE I NATHaH], H3CS9827-64E0,
641N800Gixw M, FHRISCPOIENCIIAN . MSHEIIZIT. BEELIRELHIIAN, SELNEENESEIL. EINIE. FETE=KE

3k, EATFAGCERIHIEF OESMREZORIRFWZH=F,
PEERI: 2022FFCOoPIES E, &7\ RM5CAY25.6T CPORTHEN, 1ZFNCPOITHEHSZIF32/ N QSFPI12B] B CIERIZN, IFT B
(BRI B AR R INFE FR(R50% LA o BTN FTFEEEF L, BASIEE

Z=Zh

32/M400G DR4fEM . SEIFREIGRIRTTEMELL, CPOTIERE

SRFEIEIEE,
B . H+=800G CPOREY:ITHat, B . $REER4825.6T CPORZHEN]

i

=

~
I
—
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3.1. CP O3 LY B AR 544

¢ CPOIEHEZEMRIMET FASIC, OENSIZE (EPIC) « ELSHNENIR. THNEW. MPOIEREREERRAAER

¢ BhRZEXAZFERAN. LUEFIACPOAM], BIB—RIIEIMERINANMPOOFKRZ S, SRNADAE (shuffle box) EHIFS
FR B IUEF D AIEER NN A BRSNS A, NTBEREDEIRR/NET, REECKSN R TEHIRILCR . RIFSIMHIIFE
EETIZE T, Shuffle boxdC X BRAVES 2 EFIIRIER

: CPOXHAIBREH

ELSHMERE AR

Switch ASIC

T 5540 B 352 1E 3C 2 1A S5 30 A0 G 3 FE



3.2.OEJ¢5|%&

CPORGIZDZ—BHF5|E, BENCPORZHARNEEIRNIZ OB RS,

ElPER T =MIe5 BB ERIEET X!

a) iR BB, EXMTEARS THEZEEFSINTESTEMLTHE,

b) SR B IRMHEFRIER, ERRESINGSIMIEIEESIER

o) B HELTIEL(FPOP): AR B EE RS LR T RIEEE . FPOPHIEATERMNHENERZSNCRH, REBENEIEKENSE
YFROAVETE . TEXFMER T, LA3.2T5651ZE 061, FU800G EICES—13. 2T FEERE FPICEER, IASEIIENIEF5IE3.2ThpsAY/S

C L N e e

g
M Udo

: SMCSIEEERITIE

88 88302808

\’2.‘_"!*\1!“ u. l. |. -. _o. lln

(a) Wire Bond Option
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3.3. ELSHNESEIER CWEDERR

¢ ERCFRADREFROCRER—BERRORAEZ—, SMBINRRAESE . ERINECRIIRERE THHNAETE, . &
WEM — SRR EETRVH, RERESVHSLIMBEES o EakikE, EFEBIEMRISSIAIIR.

¢ KRASE: XTRECREERERE, RAGEERM, BIYSRESETRETH L&A “YoERR" SCRIRIIE; SR
BEICBREBBGENE, A “CRIME” .

¢ SNESEIRIFAL: 1) BEBEIHGRINE, RSCPOIIEFM; 2) CPOfEERENIREBEE NIV, BFITHRH.

SPEFCRATBERE: cwEiR, fEHls8. TEC, DCDCE#EREE.

*

: CPOXBINENIR . TEiEsoomW IR

CPO
substrate

© BROADCOM

Product Brief ARLM-96F8DMZ

QSFP-DD 800-mW CWDM Laser
Module 1 x 12 SM APC MPO Connector

External Switch IC Overview
The Broadcom® QSFP-DD ARLM-96F8DMZ Laser Module is an eight-
laber channel, optical, pluggable, single-mode, CWDM laser source for Broadcom
copackaged optics. This high-performance laser source module provides
Sourccs a nonmodulated CWDM single-mode laser for the optical engine that
is copackaged with the Broadcom switch ASIC. Each optical channel is

capable of delivering 100 mW of output power (800 mW per module in
aggregation). The optical interface is a1x12 SM APC MPO receptacle.
Eight of the 12 fibers are for laser transmission into the copackaged optics
and require polarization-maintaining (PM) single-mode fiber. The first two
and the last two of the 12 channels are not used. The electrical interface

is the standard QSFP-DD electrical interface. It has a built-in pull tab that

Key Features

. * CWDM 100-mW laser output per facilitates insertion and extraction of these modules in a high-density
(_' PO Opt 1 Cal Eonnes configuration. This module incorporates Broadcom-proven integrated-
+ Two-wire serial (TWS) interface circuit and CWDM-laser technology to provide reliable long life, high
with digital diagnostic monitoring performance, and consistent service

modules

based on the CPO JDF standard

S5 b R B 15 3C 22 Ja A5 S 45 5 AN G 53 R B




3.4. FAUYZRES

¢ CPORKBERISEZ —ESLIMPICKIFAUZ [BRIFBIHIECEXSE, EEBEHERIEINIAMCHERY X, XMIEREEMEEHKE.

¢ KAIIZFIRVEER R, B—REAS—FNAHERBACERTEERER L, FIOnhEsl. XEEIIRIMTIERER, BREX
FRERRE Ao RETRVIVESR, BRNERESUGRINE, FEMSTIFNES, REMEREFNEEMEEE.

& SEAMESIFAVERRVIERIR. &R, 4. BKEFAEGH.

: KA EE : RTFAUSSETBES

Lid

Ribbon Fiber

V-Groove @
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3.5. PM{R €4t

¢ CPOYSIZERMREN T ASIELS N RIRRSIFE UK, FEINPIERTIESIHREFERIRS, BRFEERRICAER SRR
T o RIEEANERFEEEAAPNEE —MeliR S REHE, Rl 7 YESERINREEN.

¢ (RIRFEEF (Polarization-Maintaining Fiber, EFRPMAELLT ) @ —FUSHINAT, BREBAENTBETERAFZPRIFNNFRRIRS, X
HARNZITAFIER A TR ERAAEERRIEPRIRSESZIIINBERNEE . SHAIRREZMmMAETHNE—., REL
ARFIBFRN AR ARG — N EEREE, ST BT AR ANNETEE, HES T RAiaEEfiEss.,

: RIWSELT

- HYCR&AHMEEFEN
- RBIFZHAN

PM FE +1°
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3.6. Shuffle boxZE MYt SR

¢ SERFCPOIHAENIT BB TIRNE, XUNAZTEAIB AR NSEFHTHR, ERERRRPEES I ERRIEE
WASEEBA— = ERE A RKEA B RIBIET MO, R REXRAESSEEERELIEEE, Y512 inmaEEn X
FEY e S iRshuffle 975 BT AR SRR iR iE) .

¢ FMEEIRFERIZITERBIERER L, TEENXREEARBLE, SARERMDAAZRIHNS, ERRHEFESEEREK
H. EMANARLRIVT A4 0 HRENAEH, R2malITIE4VTEITE, 18TIERBRENE24 X 40=96058 2. Fl
BHAZERIEAR, EESBEMTRAEL, 1UNFNFET 12 x 50=6005 B E, Z2miliBdouziEaitsE, 181ER
FER]IK600 X 40=240001%, NHAFLESENEN T RAV20ELL L,

: RIENER

CPO or Pluggables
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3.7. MPOE#=z8

¢ CPOIN AR EXREFNARE, RASCEHNMPORTUAB Mg RRIEIRFTFRIROZE. Fl40, 51.2T CPCONEREFRE1152MRHA,
EBYCEF1024F(FIRIRIEAF128F), B RB165MPO, NIFEE64NMPOIERERE, TR CPO BIEIR EFEE 64 MEE IR .

¢ Shuffle box{KES 2 EIERZES[(WIMPO/MMCERERZF) RIS IR . SZENGESERENER, LIHEEIEFOEN A=t
MR EERRENEK,

: MPOZE#zs8

MTP/MPO i#E$£38

B

BEE
WA

Trunk Cable d‘ —

AR R B AR
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4.1.CPOYERE-FRREE!

¢ REFEENSHERCBERRIERIA. EF-RHEE  A=EIEFOEFRA 100G, 200G, 400G, 800G #11.6T FUSEIGE
R, SERETHIZEER OEFNERNEREERE B KIIRENSIFRR | T RRE T HEEHR 0 IaImTiis.
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