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640G 1.2 12.8T 25.6T 51.2T  Increasevs. 2010
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PG R L) A, FRFEFRICHEIE S, 2) BIGH, RO SRR RF TR, 28, SRS HESD &
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> e HE A DSPRMAE R P, 549%; 1 AREAZ S RFIE, Ak &k 2)27%; BOLERA & ik 5]12%,
800G 4¢3k 424 LA B AR AEA A

Modulator

m Power Conversion Overhead

Tunable Laser

m Optoelectronic Engine

Detector

m Digital Signal Processor

8x100G 8x100G

electrical optical

800G-PSM8/DR8 Transceiver Architecture
OSFP/QSFP-DD
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>LPO: prif “&MIRzh” |, @B KM AR R EBAELGDSP, ¥t R G T, RY TS H (Driver) Fo% g K 2
(TIA) ¥ h .o LPO&A S+ A 2] 69Driverf=TIA: F HAE A PT#eIt. B T XA THADSP (X F1F 54 #) /CDR (BF4F&3E1& 4)
LR, ZRRGEDH. BRRRGKE, RRAAREARRERIEZA B, ZRARERNTFTHREFSEFLEEZTEMY T,

. #H%F%E (HADSP) #LPO#x% (£DSP) stit « LPOF % 5 4% 5 £k
Switch B Switch M Fans+CPU & Optics

51.2T

51.2T1D

102.4T

102.4TLD
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> o FLPO& AL LRI AL F, FI kA& TIHREP RAGRY, BATTHEREHSEA . LHAME T

wrésm B P ¥ & ZMLPO
BAREARESER, L& RS, BAT, J AieArista. Broadcom. Cisco. Credo. #; 4% 2. $E/E4. MACOM. Marvell. Nvidia
FfeSemtechs )" &, ¥ AELPOSBRIAT T H Ao

> LPO#4i& | 7 % 48 (VCSEL)#= %42 & A (EML. SiPh), 42 5TFLN. BTO#=Organics 4 & 1k 8 &) 2
ARCZAE &}, 100G SerDes & & 3 ZHT M E L HILEHR Fo

* MACOM# 3 7 £693 %
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BEESIERMARRME, LPOMIARAES

» 2023-2027 4 F & F = KA BRI

2023 2027 technology roadmap of optlcal transcewers for datacom
> Lower Power consumption Host S S
TR : P4 T L 800G-SR8  gooG.pR4  16T-DR8  800G-SR4
1 Cooler temp inside & outside module o PR g 800G-DRS 500G FRs  16T-FRE  16T-SRE 327
>Reduced BOM components FE—— ™ e 028 Sos 5027 "
[ Lower cost & improved component planning CPO on the horizon?
>Minimal Latency Remove - > tafk\
+ Absolute & variation Retimer / DSP oo . 4 490G/lambda
CW-DFB challengin
+ Faster link bring up (siPh)
&% Will 16x200G
> Leverage best decision maker i

be feasible?

100G/lambda modules 200G/lambda modules 4OOG7Iambda modules

0 Mid-link retiming locks in bit error even if down stream can
make a better decision
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e TLPO® 3t E %22 9h, K& XA &800G ik ig 3, CPO (Co-Package Optics) #9 sk A Fo 3k KA4E #4522 8700 B,

> CPOA At am dE T2 5 R e, BEWAF BT AMHEA AR CLEM+RIEH) , CPOZILT A TR el 5
REGRE b, I—HTAFEANEARAFER T "LLE" GAEN “LEE H#%.

CERARRIREY SR R RS EH SRR
Top View Side View Package  Engine Data Speed

CPO Insertion Loss Savings vs. Pluggables S

Pluggable Transceiver Optics

0 Pluggable Module QSFP (Quad Small
>30 /0 Form-factor Pluggable)
DSP - 100/400/8006G
Pluggable Cost Savings /400/
=y ?
: -1
g OE (Optical Engine
>80% ; soo(ﬁfﬁ 61 -
0 3 :
LPO Insertion Loss savings E
Pluggable 2
T
£ co-Packaging Optics
o ASIC through substrate 8 Ene Op
© Via Losses g oo = () Advanced
€@ PCB Trace Loss :\Ea System Board . Packages 3.2/6.4/12.87
I
CPO o Connector Losses
o Module PCB Losses optical 1/0
o OSA Interconnect loss m ;
vance
Packages 6.4/12.8T & beyond

@ BROADCOM

11 | Copynght ©2021 Broadeom. All Rights Reserved. The term “Broadeom” refers to Broadeom Inc. andlor its subsidiaries.
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> WA H B TP H A R H 6T, ECPOM M Fo ML o @ H A TR R . 2020140 3] 57 i ECPOM, 2022485 &7
WA SLH R A AT ) S B, 20244831, A 3] FF46 ) B P SATB1.2T AR ) S ihuBally.

> a] K FCPO#51.2T &L L. &4 846.4T FR64 47| %,

HAK B A A6LiE G ¢PICHEICK B . % 4h, EIC Lé9IR# BATIA (B4 K %)

K ACMOSH A, #ifis/z 545 4rik & A100Gbps; PIC4E & ¥ #CWDM4s% ¥ (1271nm. 1291nm. 1311nm#=1331nm) & 5 A B/ 4R %

o

* HEEXTFCPOTEMIBIMAL

64 channel EIC
:mf oF £ N with CMOS
4\.' Y L e . (driverand TIA

™ y .

64 channel
ODM System FR4 PIC with
Integration integrated

mux/demux

» WBCPOXAR & R it

i OCP
Tencent @ ! coun OFC
RU:}Te SUMMI

OFC

Global CPO
Announcement

Mar ‘23

Oct ‘22

25.6 CPO 51,21 CPO 5513'2‘: ﬁ:o
(PO Product Demo Demo e

51,2TCPO 51.27 CPO 6.4T xPU Optical
Prototype Product  Attached Prototype

Demo Demo Demo

World's First Partnership
@ 25,6 CPO Demo
J.P Morgan
Auto/Tech Forum
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> BACPOABH LN E, TFZRXBN GUALERE B (L8 H) WEE, HIPRFMH. THPEAR S LA T8 £,
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> Yoledfiit, MA6.4THF4LIa)F#, CPOF TR AL BF M 69 A E A &2 F THA£202945 K 4. MitaA, CPOAR LT 4
S AHRKBIEIT R k., 20224CPO W 3 7= A 69 ik 3 438007 £ 7., Tait3|20334 335 52612 £ 1., Kk,

#3t% (CPO) AT A - ke iR (CPO) $tust

2022-2033 datacom optics revenue forecast SUDP.'{/ chalnof sgle;tg? copackaged optlcs pI‘evliyrers

2033 Design Optical engines Laser suppliers for Merchant silicon SiPh Foundries Equipment vendors
® Optical I/O (HPC for AI/ML) $2.68 (transceiver) OEs vendors (IC/xPU) (CPO assembly)
p ;

° .C:% r(‘:rwo::::,?;, s modeon pos. oo modbeou oo e oy Rugrote
. 2028 ; g " . ;
R R $137M intel intel intel intelsaerear  ntel Twer intel
- " e f tha i
2022 ;ﬂlllsc'h \ 3 lelm:'o é-—-}: macom i clI.u't; /\-:} “on ';ll"'élé'
.v,".'.“ - 'n-o—o- -'-_'—
$38M Sricia g NOI D9:Nst @u«g&l ] || marvewe
CAGR 68% RANOVUS — 7 ampnt
. RANOVUS J ¥ | P ..,}
RAGILE intel  AOI D0:Net se‘ee intel RAGILE
m“ ' .
CAGR I\ AyarLabs pV Avertobs /LUMENXT:;! A m!,*el v 'Tf a =
G g mAaAcom 0 rrak nta i Q
CAGRy; .29 24% CAGRgs.33 B0% - . - 4 i B
& oventiont & opentioht ?aurloni ? 'm:

*In 2027 EOI and NPO will be replaced by CPO
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> AR AR G s FCMOS T £ E & F B BT BH40 54 £X. ZAHEA TSR, AHE. ENE. AR
HEBAFMA, TTURSHEBMERAER IR E, SARETH A, i EHARNEDE. LESE BAERAE
B RN BHE RS

> AHAK B AL BMHAAE T R, SR AR 69 244 % 1-Vig it #HAeLiINDO3 %, KA 4 2 (GRik. Luxtera%) &
B4t e T (Inteld) $511-Vig FHH a0k 8 5 bR AH B, K F5m LE—H.

s BAGHAERBRE s BAXK THEFEAE
S 2022 datacom and telecom modules revenue market share

ﬂa%“%g (Source: Silicon Photonics 2023, Yole Intelligence, November 2023)
-~

Others datacom companies

Others telecom companies

|IT| MarveLL sicoya
CMOS : seadion
FBER

Telecom: Datacom:

$1.2B

$0.51B

I T L AT
CISCO CISCO

7 LUMENTUM

Total 2022 intel
$1.71B
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> NS R EATHOC! Gt Eik) 0464, 4B A £100med 25 % 1 A32Gbit/s o) ik BAF 40, AR Bonk 345
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ERRAAREFTRERLY s ERRANTEEEMREFTE (OC)

SILICON PHOTONICS AT INTEL — A SUCCESSFUL STRATEGY

urc Silicon Photonics report, Yole Intelligence, 2023

Our Solution: Optical Compute Interconnect (OCI)

In 20+ years, Intel has moved from the development of wafer-scale processes for
photonics, to market leadership in Si photonics
An Intel OCl chiplet is a die-
FUTURE PLANS

800G pluggables ; stack that provides optical |/ O
= 1600C pluggables oo

- Intel envisioned photonics « First transistor-like * Intel starts = Intel Lab d th .
:s -h futlur- o'nab"no S".’."' t(b'o '!lo ;:\cod. sggz:lng |:t:m R:s:::cnheconteov for Sr;’ost.ﬂ??)l?:l:ii‘r:\: i 1
echnology for ata onto a lig 1 Integrated Photonics fo - S i "AEERARCnOOOOn ] Yolsl ol
communicating and beam product line ;at.agc'.n!.r lntovcz:noct's. :ilebn.y?:d.:g;S.s' e -3 GChﬂOICgY ahd can be co-
peacesing - 8 packaged with the xPU.
— e - o - e = i
1990 2000 2004 20M 2016 2022 2023 2030
Si photonics 50 Cb/s per channel = -
development at Intel in siliconPIC intel intel
t cttseneck: the fozer i s ":c"‘:msmon g The OCI Chiplet is a Silicon Photonics-based Photonic Integrated Circuit (PIC) stacked on top of ar
ottleneck: the laser + The 8 a Silice ics-base ntonic Integr: Circul f 0| ]
PR L B Nintel Fectical C (£ nountedonasubstatepacoge.
Divesting Silicon Photonics ectrical IC (EIC) mounted on a substrate/package

- Module Business
JABIL

+ The EIC has an integrated micro-controller, modulator driver and transimpedance amplifier (TIA)
+ The EIC can have a SERDES or not, depending on the host electrical /O (PCle, CXL, Ethernet, UCle, etc.)

@) YOLE

e

Shcon Photors Produst Dvison intel.

29
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> ERBAF AR T E—MH. ATRATFTRARGEFMAHFE, 2o FBLINDO3(TFLN). SiN. BTO. GaAs, mH# S & 24F24EH,
Eb, FRRBRAZZRE, LELBARESRARNE 7 @ THOER AT H .

» % H (PICs) @ S HEREARRKLE (TFLN) T35 & twA 25 K. Lightcountingfa il , # 6-F % 7 69452 27 %5 M 2023 4 49812
£ 03K 32029 4 6988 35 T 3012 £ . 320294 A TELNA %) 52 69 PIC 6945 42 41 5 M ILLE 69 JU-F 4 T3 K 3] 7.512 £ 7o

c ATFEALLFRERNHHKREZLLEHS o AP AN BATR (HBHEAL)

Figure: Sales of lasers and photonic integrated circuits (PICs) used in optical fransceivers

MEHA R SRR SRR

Al R 2023: $2.4 billion 2029: §5.9 billion
BB

hiF

T T

GaAs

BHAR
EplE

M Silicon Photonics

S A 40

T T T
LIGHTCOUNTING

minP

WGaks

WTFLN, LNbO3 bulk and other
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i substrate /suppliers
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B Coherent optical communication
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