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Switch Model

Nvidia CPO Roadmap

Quantum 3450 CPO | Spectrum 6810 CPO | Spectrum 6800 CPO

Launch Date ooy N 2H 2025 2H 2026
Networking Standard AN InfiniBand Ethernet
Switch ASIC y Quantum-3 Spectrum-6
Throughout per Package ' 28.8 Thps 102.4 Thps
Number of Switch Packages 4 1 4
. : 115.2 Thps 409.6 Thps
Switch Aggregate Bandwidth (not all-to-all) 102.4 Thps (riot alkto-all)
SerDes speed (Gb/s uni-di) 200 Gbps 200 Gbps
Optical Connectivity DR Optics DR Optics
Physical MPO Ports 144 128 512
. . 512 Ports of 200G
Bg"d‘:'dth :_“d L:g'c_‘:" :I"“ 144 Ports of 800G | 256 Ports of 400G | 512 Ports of 800G
onfigurations Available 128 Ports of 800G
Bandwidth per Optical Engine (OE) 1.6 Thps 3.2 Thps
Number of OEs 72 32 128
External Light Sources (ELSs) 18 16 64

For Spectrum CPO there are 36 OEs on the package, but only 32 OEs are enabled
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GB300 NVL72 Cluster Cost and Power Budget Breakdown, per Rack-Scale 72-GPU Server

2-Layer Network 3-Layer Network 4-Layer Network
(up to 10,368 GPU:) (up to 746,496 GPUS) {up m —53 7M GPUs)
Server $4,357,043 142 000 $4,357,043 142 000 $4,357,943 142,000
Optical Transceivers $363,125 4,600  $499,925 6,184 $568,325 6,976
Switches $208,681 5214 $312,681 8,014 $416,681 11,606
Fiber, Cables, Software, Others $17,723 0 $24,338 0 $30,953 0
Networking ' $589,529 9,814 $836,944 14,198 $1,015,959 18,582
All Others $269,152 281 $269,152 281 $269,152 281
Total Power o $5,216,624 152,005  $5,464,039 156,479  $5,643,054 160,863

Power for a Neocloud Giant InifiniBand c.‘ustr using X800-Q3400 Back-end switches with 144 ports of 800G

Source: SemiAnalysis Networking Model
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GB300 NVL72 Cluster Power Budget: Traditional vs CPO Network, per Rack-Scale 72-GPU Server

| Pow o) | P (%) | Po | (%) | Poy %) |
Server | 142,000 0% 142,000 0% 142,000 | 0% 142,000 0%
Optical Transceivers 6,184 [ 0% 3,935 -36% [ 1,000 | -84% 1,000 [ -84%
Switches . 8014 0% 8014 0% 9,884 23% 6,336 21%
Fiber, Cables, Software, Others | 0 0% 0 0% 0 ‘ 0% 0 _ 0%
Networking 14,198 0% 11,949 -16% 10884 |  -23% 7,336 -48%
All Others 281 0% 281 0% 281 0% 281 0%
Total Power | 156,479 0% 154,230 1% 153,165 2% 149,617 4%

Neocloud Giant infiniBand cluster using Nvidia x800-Q3400 Back-end switches with 144 ports of 800G and Nvidia LinkX Transcievers. CPO used only in Back-end network.
Source: SemiAnalysis Netwarking Model
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GB300 NVL72 Cluster Power Budget Breakdown, per Rack-Scale 72-GPU Server

Server 142,000 93% 142,000 91% 142,000

| | 88%
Optical Transceivers 4,600 | 3% 6,184 | 4% 6,976 | 4%
Switches 5214 | 3% 8014 | 5% 11,606 | 7%
Fiber, Cables, Software, Others 0 | 0% 0 | 0% 0 f 0%
Networking 9814 | 6% 14,198 | 9% 18582 | 12%
All Others 281 [ 0% 281 [ 0% 281 j 0%
Total Power 152,005 | 100% 156,479 |  100% 160,863 |  100%

Power for a Neocloud Giant InifiniBand cluster using X800-Q3400 Back-end switches with 144 ports of 800G

Source: SemiAnalysis Networking Model

GB300 NVL72 Cluster Power Budget: Traditional vs Ql{'pﬁl!etwork, per Rack-Scale 72-GPU Server

| Powe A Power (%) Power (W) | ower (%) | Power (W) ower(%) | Power(W A Power (%) |
Server | 142,000 0% | 142000 | 0% 142,000 | 0% 142,000 0%
Optical Transceivers 6,184 [ 0% | 3935 -36% [ 1,000 | -84% 1,000 [ -84%
Switches 8,014 ‘ 0% | 8014 0% 9,884 | 23% 6,336 21%
Fiber, Cables, Software, Others 0 0% | 0 0% ' 0 | 0% 0 0%
Networking ; 7 14198 | 0% | 11,949 6% | 10884 |  23% 7,336 | a8%
All Others 281 0% \ 281 0% 281 | 0% 281 0%
Total Power 156,479 0% | 154,230 1% 153,165 | -2% 149,617 4%

Neocloud Giant infiniBand cluster using Nvidia x800-Q3400 Back-end switches with 144 ports of 800G and Nvidia LinkX Transcievers. CPO used only in Back-end network.
Source: SemiAnalysis Networking Model
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X800-Q3450 CPORERAT2MEEIE, 8 NMEITIEZFE1.6Thivs; EEMRZASEIQuantum CPOIZIRAN]
FIHISEHKR A6 N HEIEE, S 5|1ZIEEKIKR3 2Thitls, BMLY1000ET (BFAU) , XEKESE

z. \—Jbﬁlé%lﬁalt_,\ﬁ‘zzlxl_l 3. 675%750

AEFLLE, FHEBERBESICBR BEIRFVZ A IFCPOMRZSAIXB800-Q3400E2 872N OSFPIEE
, FhEd

KA 1.6TX R WL 28I 1441N800GHR o RIZAES /T

A1 .6T DR8ULZZEAT1,0005TT, R PAFBUL AR S AASF:1X72,000%7T, BRIMAFHE
HICPOIIRNI PR FRJE5 | EFIELSLA Mk A (35,000-40,0003E7T) HIF(E. BULEITEIRIT NI
R ENANEEE. BHIRO%ENFRITE, REAFASIE

FU AR ZRRIANAS, LEoh, SELTtImesFHEMA R SSMULSERERER. XEFEET NERIEI

% RRMFRA K 3 BERIENRE, FBECPONENRATAREHREE,

WNTRFIR, E=BEREPIFWLBEMRIICPORY, CPOAMHMIERIINIES AR ASIENN-1% ,
XHUH T AR RMU L 28T T B RI86% AN, RECPOF RIS MEH A LEDSPU A& 88 75 F=1K31%

, BESERMASEMIEREREI: ABTIRSS[VIEREREFSRENEF SEESHA, SBE

B 2R A T PE3 %0
BRNEMN=EECANRETRINE S ENRATLA = B = A B&RAK 7%, WA e8Rias

TB&E86%, ML RERAEIZ146%,

GB300 NVL72 Cluster Capital Costs: Traditional vs CPO Network, per Rack-Scale 72-GPU Server

4,357,943

4,357,943 0% 4,357,943 |$ 4357943

Server Cost $ $ $
Optical Transceivers $ 499,925 0% $ 434,146 - | $ 71,525 $ 71,525
Switches 3 312,681 0% s 312681 | s 564,821 's 359965
Fiber, Cables, Software, Others | $ 24,338 0% 3 24,338 - | 3 24,338 - % 17,723
Networking Cost s/ 836944 0% $ 771,164 | |$ 660,684 |5 449213
All Others $ 269,152 0% $ 269,152 | 5 269,152 $ 269,152
Total Cost $ 5,464,039 5,398,259 - | $ 5,287,779 . 5,076,308

Neocloud Giant InfiniBand cluster using Nvidia x800-Q3400 Bac!\ end switches with 144 ports of 800G and Nvidia LinkX Transcievers. CPO used only in Back-end network
Source: SemiAnalysis Networking Model
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Scale-up vs. Scale-out Bandwidth per rack!

129,600

Notes: (1) Each rack has 8 GPUs for A100 and H100; each rack has 72 packages for GB200, GB300 and VR200
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Fig. 5: Maximum non-zero FEC bin vs. 400Gbps-port device
hours of operation at 40°C ambient temperature.
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*  Some of the main drivers of improved CPO failure rate:

*  Technology:
*  Reduced number of interfaces and deeper level of integration
Manufacturing: Integration of optics within the platform albws\!stﬁmm
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One interesting observation is the impact of environmental factors on training performance at scale. For
Llama 3 405B , we noted a diurnal 1-2% throughput variation based on time-of-day. This fluctuation is the
result of higher mid-day temperatures impacting GPU dynamic voltage and frequency scaling.

During training, tens of thousands of GPUs may increase or decrease power consumption at the same time,

for example, due to all GPUs waiting for checkpointing or collective communications to finish, or the startup
or shutdown of the entire training job. When this happens, it can result in instant fluctuations of power
consumption across the data center on the order of tens of megawatts, stretching the limits of the power grid.
This is an ongoing challenge for us as we scale training for future, even larger Llama models.
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Luxshare’s CPC Interconnect for 512 lanes ASIC

Top Block

64 differential
signals per
connector

+ 16 connectors (64DP each) co-packages onto an 110x110mm
substrate supporting 512 lanes Switching ASIC

Interposer with 100Ghz+ bandwidth shortens signal path for ultra low
loss interconnect

Fully shielded connector structure provides industry-leading cross-talk

performance Mounting hardware
. 3 ¥ ¢ . : outside of substrate does

+  Compatible with 31 AWG twinax. Larger gauge also possible with Compression Plates above Aot thiougholes

alternative connector design each connector localizes where routing are dense

substrate warpage
]
:
110mm

Highest-density CPCsystem on the market supporting Substrate implementation does not require Rigid contacts presses into a framed elastomer

31 AWG. Maximize implementation potential and additional reflow of socket or connector interposer on the substrate, eliminating any bent

minimize substrate trace loss pin concern
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GB300 NVL72 Cluster Cost and Power Budget Breakdown, per Rack-Scale 72-GPU Server

Server $4,357,943 142,000 $4,357,943 142,000 $4,357,943 142,000
Optical Transceivers $363,125 4,600 $499,925 6,184 $568,325 6,976
Switches $208,681 5214 $312,681 8,014 $416,681 11,606
Fiber, Cables, Software, Others $17,723 0 $24,338 0 $30,953 0

Networking $589,529 9,814 $836,944 14,198 $1,015,959 18,682

All Others $269,152 281 $269,152 281 $269,152 281

Total Power $5,216,624 152,095 $5,464,039 156,479 $5,643,054 160,863

Power for a Neocloud Giant InifiniBand cluster using X800-Q3400 Back-end switches with 144 ports of 800G

Source: SemiAnalysis Networking Mode!
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Scaling of Peak hardware FLOPS, and Memory/Interconnect Bandwidth
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Interconnect Scaling for Higher Bandwidth

-
=
W -
n? 1011 - 1y - E
E — 2X j' 2“'"5 E E g
5 19’ — Il 10”% i 3
100 - e

:E' -~ a g #
= i 4 SOIC o ~ 10%~ .E m
c P = = l‘=ﬁ
4 Q,-}) Q S
a 107 - L 3078 [ <
v CoWoS .~ 2 |2 m

g 106 se®030 ~ N
c o4k o < |4 3
S 108 | - AL e Bl
S fe. InFO e r.B
= 07 g™ # of vertical interconnect/ mm’ =] 3 ;I,
U 10 & ',-l‘ A RLLLE &4 = 10° @ e =
el 8, L ¢ TR o Sy =ty

c AAd y | * < 3
E 108 - A4 A o3 : | ‘l". 3 E
Flip Chip il v
m W o
102 - ; ; e ~
& & ® SR B S S -
o -+ A ] +* 5 ¥ ¥ ¥ * ¥

S SerDesi AL

FEV/OEAOMERRMIBRT, EWESRIRT

# lines
nm

# verticals

3D Int ity : .
D Interconnect Density : ( -

R. BTRE

BHAERRASIMVOESHNEEINR, Bal, &

AFNEBIERITES/ARHRSS (SerDes) IPUTAL TR, HKFIRTEBlackwellitiFr PFEE T 224G

SerDesi¥ AR, IEEXIEARNF T ENVLink/ABAZHIE IR

E. [Ef, B2024FKiC, EEBEEST

DSPARHIEIRH224G SerDestEfh. WHRALZ iz B M REMICHIF R B\ [E]18Y = S 5 iR SerDes IP4M1E]

HBIREA. XEMET AR ESHEHLEZI
Eit=3 578

A, EERRRERE MEHESARERIET

ez EF. FAIMERE], ETESRIBIT/AEHEEE (SerDes)

H ;J\%% i 7.-”]0

A A

5 >—I$_ T 7 \NI7IN é\i-l-gﬁg

FHRmAXE. WMTEFR, BEEMFREM, BN

SEEEXT, LHIEESHIZEKEN



Serdes Migration to 200Gbps Limits Electrical I/O Reach

Bump Bump to BGA Ball PCE Connector Loss Paddle Card
Trace Loss Trace Loss Trace Loss
BGA Ball
L P D P T W + Paddie Card
Substrate ]——| -
PCB ——A
" VialLoss o
Via2Loss .7
0 o’ o o
— ‘--h""—-x___
3 e —— 53 Gbps
- — i~ -_'_"-——_______.
@ .10
2, ASIC Through —
& Substrate e ———
g PCB Trace Length
rac (=1
i " Lessan 212 Gbps
-2
Via Losses Paddle Card
Losses
25
Mandates Development of Optical Interconnects Co-Packaged with ASIC
3 | Breadeom Propristary and Confidential, Copyright © 2023 Broadeom. A0 Rights Reserved. The teem “Breadoom” refers to Broadcom inc. andior s subsidiaries 9 BROA DCOM

KR &

SerDes# NIE#ETHRINHER, EETHIERNBEERIEERRNLER, BFRFINMMESMEASF—X

ROERIIBINT RRERE. A, TERKINFE. SLEIM224G SerDestt RIGLLHE IIm E AHK AL

REB443GERfRIDEE R A, HFMEBEDTRRIBMERDEFEERATHEM. REXBIS I A R ELG
FRARTERubinFE LI T HEEIE448GHYEERE ). BRIMEIER448GR A SR FID2S, HHH—
FTHER. RITERFEERESMERISZ, HIENIPAM6EKPAMS, MIEES6G SerDesBH LR %
KAMPAMAEF, EEREESHIZ2NIANPAMAS EL448GEH, FFEE244GbaudBVRIFE,

XA &R IHFEFHE NG FE MM LASE

SerDes! EffiFA ANVLinkl B

TENVLinkthi¥ R, NVLink 5.0898 BEiXNVLink 1.0I2HA T 11124 L. AT, XFigHIEETFE
EBHRENEEIEIN— BB MNVLInk 1.08932%EEHIEFAENVLInk 5.089365%. T tateFHBIFZIC
IRChAI1EF SR1Ta8/fR 5028 (SerDes) BIEREH{SZ1EK——M20GIEFAZE200G, BTENVLink 6.0

» RIFATHIFLERF200G SerDesiifg, XRLREINLIIBE R EREE 1% 75 =M SEE T

\y_llﬁ\\o



I ISE A ESerDesti AN, ERFIEIFLKERAZTNFIR T, BRI T BEHRENEFE, A

N

M, #H—HEFSerDesiER BRI BF L FIRIRGI LUE D@ EHNER B =AM, RELREHTEFMBAN

#RET

A RRHEEXN AT EARTANENVEXREE, AAEFHEREZOREF . HTFRHEEMS, H
NVLinkfhEH BB EEIFHA, X—RIAEEAMDER SN FRBAMREIESZHiWL

o

NVLink Speeds

Calculation NVLink 1.0 | NVLink 2.0| NVLink 3.0 NVLink 4.0 [NVLink 5.0 NVLink 6.0| .\ V-ink 6.0 vs.
NVLink 1.0 Multiple

Link Number (@) D 6 18 18 18 4.5
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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 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

X: EAE
T [xpU

E: 11k

KR aiRE

SHRENE: SRBERESENTCHGIERRG R, EICHHXANTIZTRGHEIE, SlEECEHIEE
IXzhEsFNERENFEEMAREE (TIAs) , HECEMARZEHIZEULIKKIBEFINEE. MPICTHNETF

SOIN6S TZTmtlE, SGIMEBAEFEEILI. JF



mREIRITSWIE, URCFREEBGEZEIR CREHIM. BERZSKEKSFHEE) .

EICSPICRASTRHESoICRE T ZHITHE, WMRIffR, BERMNEAKESTKREESFTFESH, MM
[RRIERE. SREMSICEATOREN, FIREFEW TR TREELKE, RILRFMERK
EICSPICHRIEMNRES . TEFR, EFREFRHAT, ETFTSoICRIYEHEREM (OF) NHREE

EXAMEEROERN23ZE L L.

TABLE 1. COMPARISON OF 3D INTEGRATION OF MULTIPLE WAVELENGTH
SYSTEM WITH uBUMP AND SOIC

pbump SolC
Pitch 1x < 0.25x
Bond array per MRM unit 4x3 Sx4
MRM density 1x >10.7x
Iso- Speed 1x 2.2%
power BWD 1x > 23x
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u U U U U U U FOWLP: Fan-out Wafer-level Packaging
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FOWLP Improved Scalability of PIC to EIC bonding
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Connector  pM fiber Connector TP2
S Mid-board SiPh TX chip Mid-board RX
Lonneui{}r
" — = connector
2 I - A
- o S| Mo == m
& ‘ =
0.5dB 05dB 1.6dB 0.5dB 6dB 7dB 3dB 1.5dB 0.5dB 0.5dB
Optical loss per fiber 21.6dB
TP2 requirement from 800G pluggable MSA* 0.2 dBm
Minimum-optical power per fiber 21.8 dBm
Optical power per fiber 23.0 dBm —= 1.2 dB margin
Optical power per laser 24.5 dBm — 1.5 dB coupling loss

*TDECQ=1.4 dB
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Ring Resonator Filter

1
Input Port Through Port "
Al - > > e O
Ei1 Et1 %
o
Er 8 0.6
N
r_és 0.4
5
l - Et2 =z 1 | R . vy | [T
l ki Thro;aqh
Drop Port t |\ O |
19:'»45 1550 1555 1560 1565 1570

Wavelength (nm)

e Ring resonators display a high-Q notch filter response at the
through port and a band-pass response at the drop port

e This response repeats over a free spectral range (FSR)

KIE:

HFSI BB ERAZITMRM, BTHERYEAIAEERRRK, AMEMETRERIASENKRTE

B (WDM) , THREFIMEKEFENTITE K72 E RAIhEE,

MRMEE LA TFREBME:
FRRRAEZFE (RITFHETHK) , AIEIMIESTFMZMEYERIZRZEE. MZMR~£97912,000mm:
, EAMZyJg25omm (5x50mm) , MIMRMRS T FBSmm2E225m 78] (H{R5-15mm?) ;

HRfERTRASER (WDM) NA (BfESRKEICRKNESERIERDWDM) , H

HERNEERA/MERTEE;

MRMAISEIRERERY (SRAIELAFTHFEER) ;

&iE, MER&EEBREMNLY, XgERHESHE


https://people.engr.tamu.edu/spalermo/ecen689_oi/lecture11_ee689_rrm_tx.pdf

PAT, MRMBIFEETHEAL:

MRMBYEESRERLAMZMAEAMEY10-1001%, EEIGITHAFIEMERSEBITEI R,

HIFL MR EPAMA/6/8 FEMIARI T RE S ;

MRMBY R E S S RREERAEESIVECEMES, RSMIityas
HZEK,

ERRBD EHRNEFR, REENMRMEILLPAR R EZAREMERLIKIHTHIMRMN A FCPORS
s INAEZOVABTEFAIREEMEIRNEE, BB TFREEINFE. BEMRMERARE LUTHIMESZER
» IRITHEER AR X #E—— X618 R R HBABIRNEFITE.

ERNESTZHHE, ATRBHEHNCMOSKAREKIFEEEHIEAASHRENSMEEFIMRM,

5, TowerRBEMBAEIEF T mm K T ABIFIERE o

MRMHIYSEI R APk E B 21T, EBEFREENBEMZM, [EFRML, SR8, RHER

Ayar Labs. Lightmatter. Ranovus=F R %It IERS A BIERER A T LR R E& Lk,

BBikEI2E (EAM)

BT EMELET AT H RS CHEEIRIAFIE S, XMESIBURTHMBEE, EEAME, =
{REBEETREMRINTEREZ MR, ZSEFARTFARESBONF B CLES, FEREIER"
FEAS. HMIESREER, GeSiAHlSRHFREMECKESERE (1500nmA L) RiE, MMES
BORERMIRIRRER, HZRE ("XH") @I BIERFRES. WIRREIRNH=R-El/RiB 3N
o XME"F"5"XIREERVLIRAIEGIEER, MMMFAIEERRBEIESHo


https://people.engr.tamu.edu/spalermo/ecen689_oi/lecture10_ee689_eam_tx.pdf
https://people.engr.tamu.edu/spalermo/ecen689_oi/lecture10_ee689_eam_tx.pdf

E3
(a) AlfCu °$;&

o =™ 4000+ _
P “{JWW

3000

2000

SOl c-Si pad for

Absorption coefficient (cm )

GeSi growth and 10001
p* contact
GeSi modulator 0 . _ - . ooyt
SOl c.Si Waveguide 1460 1480 1500 1520 1540 1560
waveguide Wavelength (nm)
Waveguide EAM [Liu 2008] [Helman JSTQE 2005]
RR:

W<, RABKRBERIRAEE (EML) #TESIMNK A SBUERERRE, @BTESK (CW)

PHRARIE (DFB) BUtas SETIMPHEAMME, FIMESNBEREMLLUARIRZKBEE, 5140,
800G DRSUX & BZTESFINII AT BIE EEASNEML, SiBERAPAM4ASI QAES) HLLLS6
GBaudi®EFiH., SETGeSiHVAKIZERE, InPIEHISZFHRXM M TFORKEE (1310nm) , ZEK

=P E BEBEDRICBRHRIMERIS, MMSEI T S ERNERIEE.

RESRIARIRRFEE TIRR, EEECPOFHNARIZIEE, MIIHEERT@ER/)Y (ETE6
E) , BRERE-— XARERSHETHRUHENSIMRMTS TERESENS, EEURART
W12R~F TE2HE. o, HEHSENBESHEILS THEES HthiESArEES,

5trRIARIZE (MRMs) FRAzEHIZE (MZIs) 8LE, BEACEGIZE (EAMs) BEFUTRE:

ER—TIERBRENS T (EAMs) EZHEEH LIS TF (MRMs) , EEFITHIZEMINMR
2R LURTENR RS, (BEAMSTDRESURM S EABRAMME . HIRFMRM, EAMTES0°C

U EAEREERAAREN, MMRMIDEERABZ, MRMEETZFEM770-90 pm/°C, B
RE2°CRERF SO0 14nmMIEIR(IFB— IZBMRM AR RAIGSR{EO. Inm. RZ, EAMA]
AZEIR3ISCCHBEINREE L. XM 14X Celestial AINFE AL X TE-—HEAMIARIZRE

FhATERIER.

ESXPUERTES|ZE T, HEFAREAXhundreds of wtt s of


https://people.engr.tamu.edu/spalermo/ecen689_oi/lecture10_ee689_eam_tx.pdf

FRIRIRA, EAMIERITR£980°CRISIMZREERE, XiEATEMBXPUMIFETH ISR

FMNRZ =R,

5MzitEtt, EAMRSTE/NBINFEER, RAMZIEMRANRTEESBEIEE, TEN
REERFSerDes(E S A EO-5VIEIE. Dt BEEGIZE (MZM) RT47 12,00077%X, BT
H28 (EAM) £979 25077=% (5x50 2K) , HAFRIAHIZEE (MRM) RT7E 25FF2=KE 225F7%=X
ziE (EfR 5-15772K) . MZI ERFEEFEESHERIXEINNARE, UMLK RIFAFS

FIRE.

B—AME, FXAGeSi EAMH{TCPOREETRHIE:

E TSR ENYIEIARIZREN (WMRMAIMZI) #IANEB TS THERESEFNM A
METEEME. WA, ETHEES[FHNNITSEREE, TEAEBMERIEMS, {ECelestial AT
i, BEFHEENBEECLICERIZE (AR LEXCHRNBHNREEH) ErEESEBEEHEN

——XFm T H WK IR ICRM B 2N Ao

GeSiASIZEMHINERAMTFCREE (BN1530nm-1565nm) o i8I EFHLUSZIFHEEEOREE
(BP1260-1360nm) FREHELMERI TIEM G, XEKEE T GeSiFNEAMIAGIZFRAI8EER T

FHHIHCPORSE, MLUBMAFKINEGH ES RS

IR T RANOREIESUR BN BRES AL, BSCRE B CSMBRER IR m IR E T
R, ZEEIRBE AR IHOKERI&IT, BCelestiali§H 1577nm XGS-PONESERRIFERK
g, XEBCEEBRENATREREWFIEANT R

FEEHEEAMIGENIRFEL 4-5dB, MIMRMAIMZI39/93-5dB. MRMAIBEIZELMLZ EKER, M

EAMZEZNIMNCE E A28 A BESCINCWDME{DWDM, XESBRIS N IEIRFETE,



BAATS, EEFIBCPOSEIA, EAMsHEARIFEI 7ZNA, Celestial AWEA/DEFMRIRRIUL T EZHIR
Bl Z— R,

OERZE—1 ROEMIE

HeEla] RS BB ER M6 TEI 2THNE TR, R{FiXAIQuantum CPOELE1.6T51Z, HSpectrum
FRZSIHRIR A3 2 TR, @R T IEA T Bailly FAMG6.4ATH5|E, BHAREAR GEEREMFA
Fmi2-3%) , BRESAMAFAUIGHE, RItHERBERRESRFEA~HRIES. Marvell 5|1 ZH
HEELSEIE R

6.4T OE F£E 2 1> FAU, At ERAIRKTE, I\BIEAIFAE], Marvell B9 OF IEERtB AN A FEAE

RS,
_ L Total number of dots Bandwldth >
Name Company Year g : unidirectional
lambdas :
(Tops)
Odin 8 Ranovus 2021
Odin 32 ) Ranowus | 2022 ' 32 ' 50
Tomahawk 32T OE Broadcom | 2022 ' 32 ' 100
XT1600 ' Nubis ' 2023 ' 16 ' 100
XT3200 ...  Nubis ' 2025 ' 16 ' 200
TeraPHY (1st Gen)  Ayar labs | 2023 64 32
OCI chiplet ' Intel ' 2024 64 32
Bailly 6.4T OF ' Broadcom | 2024 64 100
3D SiPho Engine ' Marvell ' 2024 ' 32 ' 200
TeraPHY (2nd Gen)  Ayarlabs | 2025 ' 64 ' 64
Nvidia 1.6T OE Nvidia ' 2025 ' 8 ' 200
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Approaches to Scaling Optical Engines to 12.8T and Beyond

a127 79 ) 1 1 ] 4 1 50 1 50 4 200 02 0.2
a127 79 18 23 2 35 18 4 50 1 50 16 800 08 08

Seallng fizers OEMRN) at27 78 27 34 3 81 ) s hR2 50 1 50 36 1,800 18 18
at27 7.9 % 48 4 144 64 16 50 1 50 64 3200 32 32

o127 7.9 B 1A 1 ] ) 1 200 1 200 1 800 0e 08

Scaling fibers (200G MRM) a127 7.9 9 14 2 18 8 2 PAN4 200 1 200 8 1,600 16 16
0127 7.9 18 23 1 18 8 2 ¥ 200 1 200 8 1,600 16 16

0127 7.9 18 23 1 18 8 2 50 1 200 32 1,600 16 16

Scaling colors (50 MRM) 0127 79 18 23 1 18 3 2 NRZ 50 8 400 64 3200 32 32
0127 7.9 18 23 1 18 8 2 50 16 800 128 6,400 64 64

0127 7.9 18 23 1 18 8 2 . wl 200 4 800 32 8,400 64 6.4
Sepling olars 200G MENE a127 7.9 18 23 1 18 8 P i 200 8 1,600 64 12,800 128 12.8
Q127 79 18 23 2 36 6 sem 50 4 200 64 3200 32 32

Scaling colors and fibers (506 MRM)  0.127 7.9 18 23 2 36 8 4 NRZ 50 8 400 128 6.400 64 6.4
a127 7.9 18 23 2 38 18 4 50 18 800 256 12,800 128 128
o127 79 18 23 2 38 8 1 200 1 800 &4 12,800 128 128
Seallno colors and ibers (2000 MRN). | 5otz 7.9 18 23 2 35 18 4 bat 200 8 1,600 128 25,600 256 256

Mach Zender Modulator

0127 7.9 9 1. 1 ) 4 1 200 1 200 4 700 X3 0.8

Scaling fibers (200G MZM) 0127 7.9 12 15 2 2 1 3 200 1 200 11 1,400 14 21
027 7.9 12 15 3 38 8 4 200 1 200 16 2100 21 32

0127 7.8 16 20 5 80 s s 200 1 200 % 3,500 35 7.4

0127 7.8 12 15 1 2 5 B PAM4 400 1 w0 | 5 1,400 14 21

0127 7.9 12 15 2 2 1 3 400 1 400 11 2,800 28 43

Scaling fibers (400G MZM) a127 78 16 20 3 a8 21 5 400 1 400 21 4198 42 85
0.127 7.9 16 2.0 5 80 36 9 400 1 400 36 6,999 7.0 142
0127 79 16 20 8 128 57 14 400 1 400 57 11,199 11.2 228
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324 Optical Connections n
— e

Y - 36 Laser Inputs |
Tacu 288 Data Links L
L Built-in Fiber Management | % L__ e
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Switch Model

Launch Date

Networking Standard _ hee Y

Nvidia CPO Roadmap

Quantum 3450 CPO | Spectrum 6810 CPO | Spectrum 6800 CPO

2H 2025

2H 2026

InfiniBand

Ethernet

Switch ASIC

Quantum-3

Spectrum-6

Throughout per Package

28.8 Thps

102.4 Tbps

Number of Switch Packages

4

1

4

Switch Aggregate Bandwidth

115.2 Tbps
(not all-to-all)

102.4 Tbps

409.6 Thps
(not all-to-all)

SerDes speed (Gb/s uni-di)

200 Gbps

200 Gbps

Optical Connectivity

DR Optics

DR Optics

Physical MPO Ports

144

128

512

512 Ports of 200G
256 Ports of 400G
128 Ports of 800G

Bandwidth and Logical Port

144 Ports of 800G
Configurations Available Sl

512 Ports of 800G

Bandwidth per Optical Engine (OE) ‘ 1.6 Thps 3.2 Thps
Number of OEs | 72 |
External Light Sources (ELSs) ‘ 18 |
For Spectrum CPO there are 36 OEs on the package, but only 32 OEs are enabled

SRR SemiAnalysis

Quantum-X Photonics

BAETF2025F THE _FHAICPOR MM EQuantum X800-Q3450, %G HEIE 144 MIEMPOBR I,
A2 3514490800GIB B IR K 72N .6TiZiEiIR M, S/ IaiA115.2T, HINE AT EIRYINRIE ZvesEi<
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Quantum-X Photonics

18 External Laser Sources
144 MPO Fiber Cables
446 Billion Transistors
115 Th/s Throughput

KR R=BE

Quantum X800-Q34503&@:d X A EIQuantum-X800 ASICHHSEM S E M ESRBEaWn, SPoH®

TaiX28.8 Thit/s, HRAZFEELE. FIHZFEREER, S MIEIROYEEENIRIIHLASICE

I

, B ARAREIZIBASICHFIF IR EE S SFUSR200GIEE, MNMSEIAEE YRR 88

N A
Hl50

W F=ZERNBHIRAERFIIREM S, XMAHERS5IEIC EAMOEHRER28 8T MNFE (Ac&200G
AR OAAR) FKE

X3EF: EA
X800-Q34003HRABY, FIEUIRBITERIRNIAZENETA; MR AIRII28 ST RN IEEFMLE

BY, MIFHIKE ST EREETZHAIM,
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Quantum-X800-Q3450F I NASICAERIEE & /NN AIIREE FFAYE, SN FAHAHRE="HF5IE
o BN FSIZEIRM.6 Toit/sH s, EUIEENASICHERH 18 MNEFSIZE, LB ASICE1H28.8 Thit/sHY
MFFo. FARXLFAMGORE, FIE™EEX EXETF IEE2riFEIN" (NPO) MmIF'Ted

FEIZN (CPO) o BATHFREVEF SIESHREFIIMSSHEFE, BRINTIANEIRIEERIMAR,

Quantum-XB00 ASIC
28.8 Thfs Throughput
107 Billion Transistors in TSMC.4M

3.6 TFLOPS FPB E'-HAF:!P In-Netwark Computing

KR REX

15| BEE3 T EIGEE, BME200G PAMAEAZERZZIKE), JEMNRASNHEFAGKIZEE (MRM
) > BITPAMAIAHISSIL B IFHIZE200GEHIRR, ZIQITARERREASNERE Kz —: IERAR
FHESGTREELM200G MRMEF N, ZEEES HRIxRIIMZMIERIZEHT, HITHR T
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L N |  \ 1\ Silicon Photonic Engine
200 Gb/s Micro-Ring Modulator
1.6 This Throughput
3.5X Power Savings

| Silicon Photonic Engine

Fiber Cannector

Optical Fibers

KR R=BE

BNICEIEERTETHANG T ZT RISCFEMER (PIC) METFTHAN6T mAYEFEME
B (EIC) o PICRARIAIZT =, RAHSZERIEE. KSMERNEGEFCFEBMF—XLEE M

TEMGER PR, EBEERAILEART FRMLEE, BHRZT, EICEBEIREIgs. BRFER
R2& (TIAs) MITHZAE, XLETTHEEE T TRERNESREAEZEMEMINE
WE, XRMGHETAIRENCOUPETFAHITEGRE, KU TICEIUNEEEES. sHRiNE

BXo

Silicon Photonic Engine
220 Million Transistors in TSMC NB
1000 Integrated Photonics Devices

COUPE Silican

_ Electronic Integrated Circuit

~— Photonic Integrated Circuit




FR: REX

FRIRERS IR B F Quantum-X800-Q3450MIASICGH £75, 1EAFARRSRAGFSHI—ERS, RIE3NEX
A NRRASICHHAFERNHIE, EEARNEZEEERBINLSENE, BT HEFRREM.

REANBRFXMASICEHREXREE, WNAEBEVRESRAIERICF A REIF A EER

. Switch Management Module

Liquid Cooling

FR: EEHEA

Spectrum-X Photonics

Spectrum-X Photonicsit X F2026 F FHEFEL, FEHRIRIZIANZRYEE=H: —MREUX

M Spectrum-XhRASHIX800-Q3450 CPORIIRAL, 1IEBH1024TRETEL; Spectrum 681018 H1024TRE
o, HEAMIEBISpectrum 6800M3E T PUMIRIT Spectrum-6Z S FIEIR (MCM) S2H409.6TERS

3
ot

Quantum X800-Q3450 CPORIIRA K AULAIRII A xitiE, B S TFEBEEREIER. S4AF
XHEYNBERTH, NE28.8TRMASICIEF MFTHRHIEIT28/A#E8E28 (SerDes) FBTFITlf. 18

EbZF, Spectrum-X PhotonicsBI3Z a5 K A



ZHEER (MCM) , HASERTEKA: FRA102ATRHRASIC, IMEIRSE)\N224GEE RIS ER1/0
FE—8MN&m1,

NVIDIA Photonics

CPO Co-Invention With Ec em Partners

4 & d el
BROWAVE

C@HERENT CORNING fabrinet (A sexeonn Z LUMENTUM SENKO EPIL Erico S o

KR A

F M Spectrum-XHFF %0 IR IRATRAN TG E 36N VLS BT BN 102 4T M F 2, ZEER
BRFBARE NS, BWRiR32T, BENHIIBEE16%200GHEE, FEFENEI2NHSIZELTF
TEIRES, ESR4NMMEATRIKIT AR YES | BHPE, XRS5 1@ IRIEEEEERLE, ML

TR EHE

FIVOSHIRMEI12.8TI R BEAEN TR, B8 64%SerDesiBiE, H51541MEBEO (OE) #HiE
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Spectrum—x switch

-
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R SemiAnalysis

Spectrum-X 6810 IRER A RN _ LIRRZIEC H L, AlRH1024TRSH 5. EARMISpectrum-X 6800
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Announcing NVIDIA Photonics Switch Systems
World's Most Advanced Co-Packaged Optical Switches

Spectrum-X Photonics Quantum-X Photonigs
204 Half 2026 2nd Half 2025

144 Ports of 800G | 576 x 200G
128 Ports of B0OG | 512 x 200G

512 Ports of BOOG | 2K x 200G

KR A

S5mMERASIC 115.2T Quantum X800-Q3450Z{MA, Spectrum-X 6800RFAARZB D Lki&it, BENHOYIE

EEESIBUFASICI F o

KR SemiAnalysis



Launch Date
Networking Standard
Scale-out or Scale-up

Switch ASIC
Switch ASICs per Package
Throughput per Package
Number of switch packages

Switch Aggregate Bandwidth

SerDes speed (Gb/s uni-di)
Optical Connectivity

Bandwidth and Logical Port
Configurations Available

Broadcom CPO Roadmap

2022
Ethernet
) Scale-out

Tomahawk 4
1
25.6 Tbps
1

25.6 Tbps (half-
electrical)

100G
DR Optics
256 Ports of 100G

128 Ports of 200G
64 Ports of 400G

Bailly
2024
Ethernet

Scale-out

Tomahawk 5
1
51.2 Tbhps
1

51.2 Tbps
100G
FR4 Optics

128 Ports of 400G
64 Ports of 800G

2026
Ethernet
Scale-out

Tomahawk 6
1
102.4 Tbps
1

102.4 Tbps
200G
DR4 Optics

128 Ports of 800G
64 Ports of 1.6T

Bandwidth per Optical Engine (OE) 3.2 Tbps 6.4 Tbhps 6.4 Tbps
Number of OEs 4 8 16
R SemiAnalysis
FEEEREPHHEIESZFRCPONRA] Bz—, FLHMACPOTIEBMEE. HE—RCPOKE"
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TH4-Humboldt: First Generation System

Product Features:
+ 25.6T Ethernet Switch
» Half CPO, Half Electrical connectivity

& + 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
@ BROADCOM'

10 Broadcom Proprietary and Confidertial Copyright © 2023 Broadoom, All Rights Reserved. The term “Broadcom” refers ta Broadcom Inc. andior its subsidiaries

KR @

Egith, HEXBERE (SiGe) EICGH, BET—M~&Mm (BIBailly®R%!]) X ACMOSIZE,

TH4-Humboldt: SiPh PIC + SiGe EIC + TSV

Laser Photonic and Electronic Circuits Signal Processor ASIC

Substrate

© BROADCOM

"o | Progeietary and Conf | Copyright € 2023 Broadcom. All Rights Reserved. The lerm “Broadcom™ refers to Broadcam Inc. andior its subsidianiss

SR 1

B % — R CPOIZEBailly@—R51.2 Thit/s AR MR,
RAEFHEFAATIRA=R— 2K LT V0. ERH/N\T

6.4Tbit/sYE5| &, FPMEM6455100 GbivsiBE, BEI6E



BETWET, HABRAEE (SiGe) JEHEMRER (EIC) , MRERA7AKCMOSIEEER B
o FMCMOSYEREERBEERAIZITEE S MM T RMNFIEE, FERERIZEFEMSEI T ES

RIBERE — MRFTRIICF S Z32@EEY BREMECF5IER64EIE,

TH5-Bailly: Second Generation System

Product Features:
* 51.2T Ethernet Switch
» All Optical CPO connectivity

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

* Optical engine is a PIC bonded to a CMOS EIC

« Each optical engine has ~ 1000 optical
components

12 Broadcom Propretary and Confidential  Copyright © 2023 Broadcom. Al Rights Reserved. The term "Broadoom” refers to Broadcom Inc. andior its subsidianas > BROADCOM

KR #E

ME—RFE_MRHNE—EAETETIZMTISVILERIBRHEE ZELKEFE (FOWLP) . Z%igitH,
EICKAEIEEEFL, (TMV) BFESEEZEPIC, [RHE I
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THS5-Bailly: SiPh PIC + 7nm CMOS EIC + FOWLP

e "-rL‘ v v v

Mold compound

PIC

T T T TR N T T R TR TR TR T TN AT
S TR EICI TR TR TN TS TRTET T
| I I | NS DR I B R i i I B N R R B B ) ] A I T 1 1 I '

L N T T R T R TN TR L T

FOWLP Improved Scalability of PIC to EIC bonding

13 | Broadcom Propnetary and Confidential. Copyright £ 2023 Broadoom, Al Rights Reserved. The term “Broadoom” refers 1o Broadoom inc, andior &s subsadiaries £ BROADCOM
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@@ 7EHot Chips 2024 K= ERAR T —ILIMigit, gt

6.4 Tbit/s YEF 5| ZEM FREE S A EHER, ZEHEDEFH NHBMMERN — 1 SerDest&iR, 1R H
RABYEHREAE, BUBMETERARAEHRM, MMER—HERNAHRNHESIEMEZ=E. K
CoWoS-SEICoWoS-LAVE#H, BREERIKRFERMI00ZK, HILFIBMZ IR NIE5|E

5|, I2IN51.2 Thit/sth Fae

Beachfront vs Oceanfront: Utilizing Fan-Out

~33mm

Beachfront

Oceanfront

A

» 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 attached last to the package = high manufacturing yield

o ?
24 | Broadcom Proprietary and Confidential. Copyright © 2023 Broadcom. All Righls Reserved. The term “Broadcom” refers to Broadcom Inc. andor its subsidiaries. - BROADCOM
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Scale-Up Optical Oceanfront Density Roadmap

7 L i R h

(Tbps)*

102.4 /’
51.2 /Q
12.8 %@

*Tx+Rx 2025 2027 2028

25 | Broadcom Proprietary and Confidential. Copyright © 2023 Broadcom. All Rights Reserved. The term “Broadcom” refers to Broadcom Inc. andlor its subsidiaries.
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SRR SemiAnalysis
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Electrical pac
to Package |/0

st Generation CPO

Direct Fiber Attach

2nd Generation CPO

with optical package connector

<]
pJ/bit

100 Gbps/mm
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R RESEFHNR RAIEBARZ L% T HCPORRLE, HELAR T A R
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FF Ayar Labs. Lightmatter. Celestial AI. NubisFlRanovusZFRIFIGHF A HENEMS, PEXET
BHIATIZS5E, HRHEBABRS|I MRS RIUAFLIMER. Ayar Labs. Celestial AIF(
RanovustZ2 B IR EIF "R, XBKREEZFP SIRAHTENHEIHARRAS R, HEEEZT,
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AR, XEAREEMNTEMENERIQITHITIRASEELN A EREREERE T, ERHBAEREERK
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Ayar Labs

Ayar Labst97= @2 H TeraPHY XS IS A, AIEEAXPU. RRWASICHAEFSH. F—R

TeraPHY7ESUHFE IOWIHFERIBER T, AR Thit/sEE M. 5 ZXTeraPHYIRH4Tbit/sEE [
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Each TeraPHY™ optical I/O chiplet
provides a throughput of 2.048 Tbps
in each direction, or 4.096 Tbps bidirectional

:

Ayar Labs

Ayar Labs3R FiGlobalFoundriesB94549K TZHhE T HIM X TeraPHY 5 1, {ENSERBFoF S5t
FEHBERBRSE

ME = TeraPHYNRAESTRECOUPELZ, XMIIFIHMAZIIHIZE. KSMITH| B EREMNS
BT BIFE, AMAIRMRANEFASE R T SRE TEICHERE, XtERHATeraPHY X

FRRERIERERIRE,

Making Optical I/O a Reality

B Ayar Labs
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32Gbit/s NRZx 16572524, HAMRMIAH, FMEBEEIR"SuperNova"Aim#Sivers A B e, 1ZEEEE
IDWDME AR I6MEEK ("BEIE") REEPRLT. SN mOBE —RENFDFILIMEE (Tx
) MEW (Rx) ThEE, XEBMRES MTOHBEESINRMREA—HPI6RATRER, SIRETEE

BNo ZABEHNETIZHXRAUSHES (EC) AR, FNRTXEIMES (GC) FEHR.

ARARCHWELE, ZARIEHEEEZRSRARNED, XARE (BRiAsSH24IR) ERK
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>

Figure 3. Ayar Labs’ 16-wavelength SuperNova™ light
source

& Ayar Labs



Ayar$E = TeraPHY B A AR A SFIECOUPEL S, BN EHEEWBIIA13.5 Thit/s, EZ
RIRFE3E, BIES NS IZEWMEBEITIE, BI A TXFRiRAyar Labs5 Alchip& {ERIXPURR R 5 =i
£9108 Thit/sHER AL BH ta. 1%Z2913.5+Thit/sBYMEREE T SR AAPAM4AFIFE RSLI, &K R

RAHL9200Gbit/s T Fro

REAyar Labsigi RIFEMINIHGOZEYN (BIDWDMEKIE. S FAUNNAHRES) , BHEXA
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New XPU: [V AyarLabs
Future Collaboration in Al Accelerator

» Optics brought directly on-package
- High bandwidth, high radix
- Low latency, low end-to-end
energy

* |/O protocol converter chiplets
- UCle-A to UCle-S
- Scale-up protocol endpoint

* |PD - Integrated Passive Device
- Improving package step
response
- Customize capacitors

2 Full Reticle Al Accelerators

4 Protocol Converter Chiplets

8 Ayar Labs TeraPHY™ Optical Englnes -
8 HBM

IPD

Silicon Heart of Al

Ayar Labs 5 Alchip

Ayar Labsi®t 5 AlchipfIGUCEIZE1E, FHTSH&EKEIAIchiplIGUCHIXPURRERFAEH, FERET

— B HBE N NERTITE S A8 N TeraPHY Y5 | ZBHIXPU, BISEINEIA108 Thit/sBYER @ Fao



7EHot Chips 2025 K= L, Ayar LabsA%h 7 {RERMABIAGER MRS R — 1 £95°C/ 77 FHRVIER R S

BIFEE /MY, SEERIRIGRRINME

System EVT: Thermal Cycling Link Test

o . - T, from temp sensor
- Mlsgaon /{/ \ | 50°C AT @ _' e -
Pl'OfI]e |. \‘.‘ 5°C/m|n )
§ °* Liquid | LS VYV VIV MWL g -
g‘ 1% Cooled ,"F \ i
R

.. XPU | \

s N j»i | Tx and Rx thermal tuning subsystems are tracking thermal cyclrng ]‘

Rx Heater )

Majonty of links are error-free over entire 1

|L|nk | duration, ‘no BER dependence on temperature ‘
BER — — — -

| FlexTC Temp

Controller !

Thermal cycling test using FlexTC temperature controller mimicking
system thermal cycling behavior of liquid cooled XPU
« Slow ramp test over extended duration — 5°C/min

TeraPHY™

[V AyarLabs

KR Ayar Labs
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FA.  BlEN20nm/sHITHERFTAIAEIN0. 2R 64 CHIRE T 1, B TF320°C/so ZRBAESIX
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https://www.youtube.com/watch?v=mZXsIfLKXrM
https://www.youtube.com/watch?v=mZXsIfLKXrM
https://www.youtube.com/watch?v=mZXsIfLKXrM

on Study: .. ~on Study: Links up to 800°C/s (E

“ Tx Heater
Ll i d i i
=N g srature rarnlps by sweeping laser A [Rx . TuT;nmgp:l::lLs:-:
e " nm (64°C) in a sawtooth pattern i..|Heglef f——-— : -
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Celestial Al product portfolio

Connectivity products: PFLink™ System products

(1" PF Chiplets
" Package-level UALink compatible
XPU/Switch connectivity

g

. ) PF Module
" Silicon-level XPU connectivity * MCM? package for
= AMS IP (E-O-E' technology) < scale-up fabric and
= OMIB™ (optical multi-chip interconnect bridge) *= L L - in-network memory
= Assembly, advanced packaging,
fiber attach unit (FAU)

) PF-NIC
7 MCM? package for server-level 2 c and appliances
connectivity

2 PFIP

x
3
c

man ) oD

(5) PF Switches®

Rack-scale scale-up switch

PF Appliances’
Rack-scale scale-up switch with in-network memory

Software

Link, system and fleet level for link management, telemetry, RAS, and insights

ed acquisition of Celestial Al by Marvell remains subject to closing
I Al. All rights reserved MARVELL INDUSTRY ANALYST DAY 2025
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Celestial Al Photonic Fabric™ scale-up networks

Ethernet connectivity ~15%° | TTm By Network

for scale-out networks Xpl:r'a‘;“i:"u A Seaio ot Rotwork addressing

Ethernet or InfiniBand

Photonic Fabric™
for scale-up networks

e - Memory
Reach: 50 meters B 1 = o _ addressing
Bandwidth/package: 100s of Tbps ~85% = =
Energy: 2.5 pJ/bit (full E-O-E link?) XPU-to-XPU
Latency: XPU-XPU: <150 ns traffic
$/Gbps: <$0.05 PFLink™

Memory semantic FLITs (flow control units)
In-network memory
In-network collectives processing

each; E-O-E = Electric

High-bandwidth, low-latency, low-power connectivity for massive XPU clusters

Prop cquisition of Celestial Al by Marvell remains subject to closing
© elestial Al. All rights reserved MARVELL INDUSTRY ANALYST DAY 2025
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OMIB: Embedded Photonic Fabric

Optical Multi-Chip Interconnect Bridge (OMIB)

OMIB Benefits:
Optical Integration in multi-kW package
Each die has a high number of high-speed 1/0
NO Beachfront limitations: Available for I/O and Memory
Reduces package-to-package I/0O latency and power
Compatible with CoWoS & glass panel integration
Highest package 1/0 density (80+ fiber FAUs, HVM process)
EAM thermally stable modulation

L
Photonic Fabric IP |

3

Hiahest Densitv Obptical Interconnectivitv to Multi-Chip Packaaes

SR Celestial Al



Celestial Al Photonic Fabric™ chiplet

Photonic Fabric™ IP . 3.6X shoreline bandwidth vs. CPO chiplets
Protocol adaptive:
AXI, HBM/DDR, UAL, CXL, ESUN

en ) AMS Transmitter, modulator driver
i . Analog equalizer
> HBM3E bandwidth ) (analog mbed  macaner T
Electronics signa) macro SerDes (photonic optimized )
(EIC)

> HBwa bandwidth (e OMAG e nin s |

Pmtosol sdupiive Wy
H
H
g
Fiber array unit(FAU)

Customer

| Network convergence layer
Al prOCGSSC'r - NCL Protocol adaptive

Advanced packaging
Photonic integrated circuit (PIC)
- Photonic Fiber array unit (FAU)
inte rposer EAM: compact thermally stable modulators

3 s 3 Photodi
Standard D2D PHY: Protocol Photonic Fabric™ or bridge s‘:F?h w;de;suides

UCle or proprietary adaptive layer IP macros Grating coupler

0 ial Al by Marvell remains subject to closing
| Al All rights ed MARVELL INDUSTRY ANALYST DAY 2025

SEIR: Celestial Al, Marvell
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Celestial Al Photonic Fabric™ Link: PFLink™

Photonic Fabric™ Link ST AMS Macro il

EIC Analog Mixed Signal ~ Receiver, TIA
( ) Photonic-optimized SerDes

External

Link management, FEC,
TSMC OMAC Flit Gen, retransmission, PCS
4/5nm

Network convergence layer
NCL Protocol adaptive

Advanced packaging

= Photonic integrated circuit (PIC)
Photonics FAU (Fiber Array Unit)
EAM: Compact thermally stable modulators
interposer  [=iintriua
or Bridge Silicon photonics waveguides
Grating coupler

( ASIC I XPU/ ASIC / XPU [ f——

Swig:niéll;tsm / smg:'l:lég?m ! Pr_lofoni(f [[e] Reach
— _ — - (1) Within chip mm
@ Within package (Die-to-Die or Die-to-Chiplet) mm
(3) Package-to-package m
(4) Package-to-fabric syst m

© 2025 Marvell. Al rights reserved. I'Ell MARVELL Essential technology, done right™ 9
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Celestial Al Silicon Photonics Differentiation

Top view

The M2 madulator

L R ‘—’-‘-/"" ‘ B
m“ Ring Modulator |-zm1

Size (Area) ~225um? ~250um?
(15x15um) (5%50um)

Thermal Stability* vesi>socc) [ Yes (>50°C)

Speed (Data Rate) 56+Gbps 56+Gbps . 56+Gbps

Power | High Power \ Low Power Low Power

Optical Bandwidth _ Optlcally Broadband Narrow E | EAM Thermal Stability

XPU Integration | Lo > 85°C range with DC Bias

*Modulator device inherent thermal dynamic stability, required forintegrated XPU operating temp variations

EAMs: Electro Absorption Modulators
The Solution for Scale-Up Interconnect

— ©® 2025 Celestial Al. All rights reserved.
—
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Celestial Al transaction summary

= $3.25 billion payable at closing, consisting of $1.0 billion in cash, as well as approximately
27.2 million shares of Marvell common stock, having a value of $2.25 billion

Transaction = Up to $2.25 billion in contingent consideration tied to milestone achievements. The first milestone
consideration representing one-third of the earnout consideration, will be achieved if Celestial Al reaches cumulative
revenue of at least $500 million by the end of Marvell's fiscal' year 2029. The full earnout would be paid if
Celestial Al's cumulative revenue by the end of Marvell’s fiscal' year 2029 exceeds $2.0 billion.

Accretive to non-GAAP earnings 2H fiscal' 2028

Expect revenue to reach $500 million annualized run rate by Q4 fiscal' 2028
$1 billion annualized run rate revenue by Q4 fiscal' 2029

Adds high-value Photonic Fabric™ optical scale-up platform

Financial
impact

avid Lazovsky , Preet Virl , Philip Winterbottom to join Marve
Management David L ky (CEQ), Preet Virk (COO), Philip Winterb: CTO) to join Marvell
and governance [ Celestial Al leadership to help drive integration of Photonic Fabric™ across Marvell roadmap

= Combination of cash and stock at close
= Additional contingent payments based on performance milestones
= Financed with cash on hand

= Expected to close in the first quarter of calendar 2026
EXpeCtecj close = Subject to satisfaction of customary closing conditions, including applicable regulatory approvals

"Marvell's fiscal year is the 52- or 53-week period ending on the Saturday closest to January 31; as an example, FY2026 refers to the period February 1, 2025, through January 31, 2026

© 2025 Marvell. Al rights reserved. |H| MARVELL  Essential technology, done right™ 12
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https://www.sec.gov/Archives/edgar/data/1835632/000119312525305271/d81371d8k.htm

Item 8.01 (Other Events.

On December 2, 2025, the Company announced that it entered into a definitive agreement to acquire Celestial Al Ine. In connection with this
acquisition, which is subject to customary closing conditions, the Company entered into a Transaction Agreement with Amazon.com, Inc. (“Amazon™,
including its affiliates) and related Warrant, under which the Company issued to Amazon a warrant (the “Warrant™) to acquire up to 1,045,171 shares
(the *“Warrant Shares™) of Company common stock (the “Common Stock™). The Warrant Shares vest based on Amazon’s purchases of photonic fabric
products, indirectly or directly, through December 31, 2030,

Subject to certain conditions, including vesting, the Warrant may be exercised, in whole or in part and for cash or on a net exercise basis, at any time
before December 2, 2031, at a purchase price per share of Common Stock equal to $87.0029 (the “Exercise Price™). The Exercise Price and the Warrant

Shares issuable are subject to customary antidilution adjustments.

The Transaction Agreement includes customary representations, warranties and covenants of the parties and sets forth certain provisions relating to
Amaron’s equity interest in the Company.

The Warrant and the Warrant Shares have not been registered under the Securities Act, in reliance on the exemption from registration provided by
Section 4{a)(2) of the Securities Act and rules and regulations of the U.8. Securities and Exchange Commission promulgated thereunder.
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Figure 3: Connectivity of XPUs with PFA
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Figure 4: Memory architecture of the PFA
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https://youtu.be/Gjee92kYmwg?si=bP09-v5rALXtwOkY

High Performance

Customer ASIC chiplets —

Bi-directional, pluggable,

high-density fiber array —
/
o

Passage”
(reconfigurable optical
interposer with
inegrated controller)

Substrate

PASSAGE ENABLES PER-CHIP MASSIVE RADIX, BANDWIDTH ENABLING WE PARTNER WITH CHIP COMPANIES
PERFORMANCE SCALING. 128K NODES + FOR NEXT-GEN LLMS AND HYPERSCALERS.
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Passage X FA2561RIE4T, SREIDWDMEARREAFH 16K (BNAEAFSNKK) , BLAHIEE
1 Tbit/sZE1.6 Tbit/so NIRARE, EZAERCHEZNICABERERIN, MM RERESHIEME

o Ibsh, HEIFBI AT EZ RS r RIR RS CLTRIERE



MER EERFFHER, MMEAATSEMEMAILERE, TRER T Passage H 1IN EIR I

Number of L
Bandwidth Modulation Wavelengths Transmission Type = CWDM/DWDM

56 Gbps NRZ 16 Bi-directional
56 Gbps NRZ/PAM4 i 16 Uni-directional
112 Gbps PAM4 : 16 Uni-directional

224 Gbps PAMA Y a4 Bi-directional
224 Gbps PAM4 4 Uni-directional
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Bit Error Rate (BER)

On Chip Thermal Aggressor
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Xscape Photonics
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Our FirSt Offerl ng Programmable, multi-wavelength laser for

power (dBm)

different Al workload needs

Programmable Laser Module

Programmable number of
wavelengths and spacing

SAME LASER PROGRAMMED FOR DIFFERENT Al WORKLOADS &

SCALE
Al TRAINING EDGE Al/5G/6G Al INFERENCE
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- = R T T TR

wavedongth (nmj

20=nm CWDM4 Grid 4.5-nm LR4 Grid 1=nm CW-WDM Grid

3R Xscape Photonics
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MediaTek® ASIC co-packaged with 6.4Tbps RANOVUS’ Odin® direct-drive CPO 3.0
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Scintil

ScintilfIEFT = MLEAF Light®— It FRAR S (PSoC) , AIRMEBEFAZX (KGD) EERIEIR
, LSRR KBRS, HEKIBIFE200 GHzE,100 GHz, EBiEDWDME: AR SCH EBAR FE4F &
HEZ KL, ZATFEANEFIEFIRARTEEE TS TEHAERF100GHz5¢200GHZ KR K 8]/
o HLELSFPIEIR (ZE{UOSFPIAE) EEOIFE XMFESE LI, EFEFPEMIMPHAIF. Scintil

AESETHFIARSHOHIEAZRRBERT.

SCINTIL

LEAF Light™ Integrated Laser Source

Solutions for 8 or |6 wavelengths,

Industry’s most precise frequency spacing : £10 GHz

High stability: no mode hopping, no signal loss

Reliable: no AR coatings, no current through the grating
High power: Up to 20 mW per multiplexed optical carrier

Efficient: ~20% wall-plug efficiency at operating temp

16 wavelengths with +/- |0 GHz spacing

& Scintil
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Standard SiPho > SCINTIL IP: laser integration on standard Si Photonics

Begin with standard silicon Handle exchange and Bond of lll-V material Fabricate lasers at the wafer
photonic wafer remove the original SOI ) level
L
8 and SIN passives SIMOD  Ge PD substrate — ! } R
o gu ‘
= -l‘ '
50 ‘= M -
AR 0 & W e [\ \
\. P SN S >,
Start with standard silicon photonics Buried Oxide Layer (BOX) Bond non patterned lll-V die where The llI-V die are patterned to form
lasers are needed the lasers, at the wafer level
I Scintil
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Silicon Photonic Engine

200 Gb/s Micro-Ring Modulator
1.6 Tb/s Thraughput

3.5X Power Savings

Silicon Photonic Engine

. Fiber Cannector

Optical Fibers
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_ External Laser Source (ELS)
B Integrated Laseérs
Automatic Temperature Tracking
Wavelength and Power Stabilization

FeetiEE ST (FAUS)
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FAU: SIRAZGIFEET. SIRIBURILLT R 4tRINEBEIIERR LT BERA DI, 440BF 4T, HA1,152/E
F & 8t/4EUR.

Silicon Photonic Engine

200 Gb/s Micro-Ring Modulator
1.6 Tb/s Throughput

3.5X Power Savings

Silicon Photanic Engine

. Fiber Cannector

Optical Fibers

FAUSTUZ Y S Bl B3ETFCHEEE (300394.SH) « #&HFFl (9069.JP) MIEERE (3363.TW) o TFCikE
BEJIX800-Q3450 CPORIRNUERZFAU, MR /ISpectrum X CPOF{E @ Tomahawk 6 CPOR S

HERATREMNE. SItE, EERNFEEMNE T RHEEFRECPORT =

TEFCHIZO R E NET HBAMGNISEE N UKEFRERE BAXKBR AR mSIRARGEIIZEIR, 1E
WHIXFTR, XBERFEWFTFHHXBEE, I, TFCA=ZFRIFIBSRFBERTECPOIKITLIIH
BAEME, X—FRHFEXRIMEVIWARL, FIH TFCRERFHEHFIHEHAICPORRE TR FAIE

KEIER.



HEHAB EAREMMSEAT GREBEMETFIIRAR) &8, NCPORGIRMEAIIFEIMNFAURRRSG S, %
RENESGFSEASMERATERTRESIE, KRB RN EEZESENZIREAEFR, X5 ESE

M7 BAKAGFRENIR, MERARNLF—HE S XBINEFITE.

Bl

ZIUFE MR B BIR(ER RS HICTHIRAT (AFR) Fo EEAFRSEBHNEFERESIE

XHo

SiPho:S A RARCKE R SIBE, S MBERFES RFFHICRH#ITHERINE, Eitt, TEHIETEH
EEFABEERENBGILE.

FiconTEC (EE) BririRtEEERmaAELA Tk, HigEBENaLA30EETUL
, BEEEENEEN&EZRFBE. SHEN, 8Z2fFRRURHBIMENFERES. ZAT
BAY10%M AT HEMRIZTIE~m, FitEBSISEEWRRM2026FERIIEK. &E, &5
GMT Global A1t TFAURS. XEMENIRE, BERECKKBIR TGS (FAU) BIFE
HEER. ZATNTHFIEEENERERLZBREGENENTS%ERS (BERIGEBHEEN20-257%

78) > FRiH2025F B UEERFLIMMELE,



R H=FE

SRR

TER{HIAX800-Q3450 CPORZHAA A, FBid 1000 R ELFMALiwA (OEs) H5|H, FMEE—PHLFRE
NiEESRBEXENAHBEHBBAEBMUE, T4 L, XXX EZSIOESTIERF oI5
» BARANREEYIRRARBAANE, A, —LiLtIVEFLHBELIRE, EBRUESRHREMMN

TR XS ERRTE,

HATIRENNIREE SHEBI A HEES. FId, T&SBEATHENSSUIREENL
15037T, 300:5hRANE910003£7T, S00:5E S MLY1600ETT. I FEE I TIRIALFHING00-Q3450:%
B, BEARWBRHREMEZASIEEBE3000%T. BRHEIEENEEYREEESE (BOM) HAHEIEMTHA
LT,

T&SHEIS (300570.SH) ZFEAUHREZITIRIRL BV, ZABMA T RAFEVIREANTFIELARIE
EigE, HEXEARBREEZFRF, REXNFEELI XL AATETE B2 LI BFENINK DS
T&SHEBZFPERTLE, WHBMWRSFEATFRERS. IMRTHEER GEHE. FEF

) IRITECPORRIRTT FRBUIICLTNGS, HIFhEaEFESINeaE

OARAEERE



RARS—ZFMBEW, FAFREHATG. BEREFRRRRE, HFmfmREEtbRESHE20%

Multiplane Data Optical Connectors
1152 Single-Mode Fibers
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EXERIF, RERERATRFAAE = +EMNRARALREZEN, FIHRERNEHEIXQ3450 CPO

AGHNEEHRNEZ — RBRENAERANRAILITSHIEET], RBURAERSEOINKRE

FERENMTHE . SLER, RBR. RENREETENBRFAUNITIRE S FMTHET HiZ
BETROGELMEEES, LUREAREIEHIFR A,
115.2T Nvidia X800-Q3450 CPO Switch Cost and Power (Current Pricing)

Switch Chip 400.0 1,600
Optical Engines 7.0 504
FAUSs (included in OE) 0.0 0
External Laser Source (ELS) 8.0 144
MPO connectors and jumper cables 0.0 0
Shuffle box 0.0 0
Fibers (per meter) 0.0 0
Others 1,300
Total ! $70,640 100% 3,548
Gross Margin | $134,216 60%

Selling Price $176,600

3y Service and Warranty $28,256 |

Selling Price with Service 1$204,856 |

Bill of Material estimates are based on current scale of production and could improve as production scales up
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o BRMIXIZEIL, FiconteciIRMHICLTiEEEE (FAU) AESHBEIRE, HIBETFT—mdXtitt

HITERANBIERIY,
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Nvidia CPO Supply Chain Market Map

Laser Source ELS Module - FAU Align Tools | FAU Assembly Shuffle box
LITE TFC TFC finconTEC Fabrinet T&S
COHR O-Net Senko All Ring FOCI Browave
AVGO Innolight FOCI Foxconn Molex
Furukawa Eoptolink Sumitomo ASE
Yuanjie
MPO Connector ~ MT Ferrule Foundries |OSAT/Assembly| E/O Testing
US Conec T&S Corning TSMC Amkor ficonTEC
Senko Senko Sumimoto Tower ASE/ SPIL Keysight
T&S US Conec Nittobo GF Fabrinet Teradyne
Browave Fukushima TFC Formfactor
FOCI Chroma
Sumitonﬁ'ﬁ_ =/ Multilane

Vendors highlighted green are key playersinthe sectors & confirmed to be part of Nvidia's CPO supply chain

For more information on market shares and competitive dynamics, contact sales@semianalysis.com.
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