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30,000 . . .
Volume of Traffic and Standardization RaNOVUS
25,000 Figure 1-3: Bandwidth distribution in networks of Cloud companies
20,000 Network Bandwidth Distribution
Al/ML Interconnect
> I Pbps
15.000 5x less
needed
24 B2
24,68 Inside DCs: \ 5x less
10,000 >1,500 Pbps needed
14,040 L
11,368 Clusters:
3,000
9.076 >300 Pbps
2021 2022 2023 2024 2025 2026 Networkable interconnect tandardization of the
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*AZ: Availability Zone

(ii#8) Cisco’s Massively Scalable Data Center Network Fabric White Paper, Jan 6, 2020
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Front End Network

Back End Network

Network’s Purpose

Connecting Servers
(x86, ARM, etc...)
Connecting Servers to Internet

Connecting Specialized End-Points
(GPUs, Storage®, etc...)
No connection to the internet

Network

Bandwidth Drivers

Migration to the Cloud

HPC and Storage

Explosion of Al/MI

Step function increase in bandwidth

Meeting the Bandwidth Needs

Y/Y CPU and Network Increase
Scale-out within a generation

Y/Y GPU and Network Increase
Massive new build-Outs

Interconnect

Ethernet (Massive Investment)

Proprietary** (Limited Investment)

Ethernet (Massive Investment)

*- Many networks use RDMA over Ethernet to move storage to the frontend network

**- Some networks use InfiniBand

Al/ML needs a different solution then HPC

Frontend Network

Backend Network

W»IAN
|'Server | |'Server |
; | Server I | Server |
Rack Rack Rack Rack
ST “CTON,
(Backend!

History of Proprietary -> Open

—(S)—_O— & Storage migrated to Ethernet
pine pine network with invention of RDMA
(Backend) (Backend) over Converged Ethernet (RoCE)

Network topeology drawn for simplicity over accuracy

(i482) Hi88 : Evolve your AI/ML Network with Cisco Silicon One ,June 8, 2023
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AI/MLI5 A5 -l Ehm]
%15 —1%9 NIDIENN (Ex. Meta 5~10f8) - SUBERARRI DS

=EREEAIY -\, HEGPU, FiE & KEIEY >, {KHEEN. MOR & EORA1YF KA S5-IV MADIEI (Ex. Meta 5~10F)
Emerging Al/ML Clusters

. M MoR and EoR Switches for
4Tb/s per server F-P;“"a""“ =

‘, -p-:f'" o
8x 400G-SR4/DR4 S ‘_?__,,.,.159? | E wll
+DPUcards == P |
f | By ] k4

'l \__1.__._’

Interconnect Scaling Challenges

| ’ I

[ [

[ [
Rack : Rack

network & expansion

l—Hosts (Accelerators, GPUs) | 1—Hosts (Accelerators, GPUs)

Network » Compute Fabric l l l'l’lOR Pa‘njl l ‘ Cluster Fabric
i : Switch $ (Date CenterNetwork- Optical) (Data Center Network- Optical)
+ Core/l0
1 Exaflop Al perf i { 7A) 1t 11 11 1t

>20TB HBM3 memory

a : \\Fiheroptic cable
DGX H100 Server ] 2 - 2 70TB/s bi-sectional BW

1N o~  Rack Interconnects (DAC)

7 : : = = = =
8x H100 GPUs ; e = MCM Device / Package: shelf. . . . L helf
24TB/s memory BW = : = Chip - Chi

" . - ~hip - thip 5 to 10x interconnects
X o fach) NVLink4 . Increasing BW per GPU - Intra-Chip ]
Up to 14.4Tb/s per server Compute Fabric Today

Cluster Fabric Tomorrow

18x OSFP (800G-SR8) . Power density (rack and server)
256 GPUs . lLarger GPU-GPU domains
o . ® The growth in Al/ML model size leads to increased cluster size & 10 demand
d oR and EoR Switching e Dist ' tunity f 10 fabri hitect
S A taany Lieney istance creates opportunity for new abric architectures 00 Meta
(ii82) Nvidia, What's Next for Optics in Artificial Intelligence / Machine Learning Systems (2022/12)
F F ..k Meta, AI/ML - Opportunities for CPO Optical Interconnects (2022/12) 9
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7T VI A1y FHiitiEm : 2010-2024
AAYF UV : 8O, ATFA IR : 106 — KT\ (or BE) : 86

Relentless Advancement - Switch Silicon Bandwidth

2012 ¥ 2014

@ 2010-2022:

102.4T e 80X Switch Silicon

Efjl\(:;nttezs; Advancement Bandwidth Increase
o * 10X Optics Bandwidth
7 Chips
4 SerDes Speeds @ Increase
4 Package Size Increases 51 2T » Result: 8X fiber (or )
@ increase per switch

@ 25.6T
o O @

Swilch Silicon BW 640G 1.28T 3.2T

SerDes Speed 10G _ 28G 56G 112G
# SerDes GX64D , X128 : x512

<256
Optics § QSFP+ . m\ QSFP28 € QSFP—% QSFP-DDB00 & &
40G SR4 (4x10G)/ 8F / MM 100G DR4 (4x25G)/8F /SM 400G SRE (8x50G)/ 16F / MM

(i5#8) Cisco Systems, SP360: Service Provider Co-Packaged Optics and an Open Ecosystem (2021/01)
FFu jikura

US Conec, Optical Connectivity Considerations for Co-Packaged Optics (2021/05) 10
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TSHIT WIS S—NIE800GHR TV 1.6 TARLT
=P RSLT AR>S —NEH AR ESE DRI HETE
ICP data center transceiver product roadmaps 1.6T+ OSFP-XD w/ LD
400/800G QSFP-DD, OSFP (2024 ~)
100G (2018/2022) s s G

QSFP-DD or OSFP

8x100G PAM4

QSFP-28

QSFP-DD or OSFP

Z O 1 4 8x50G PAM4
Power: < 15W .

QsFP-28 > F
7
4x25G NRZ 4 ’ ‘¥
Power: < 3.5W /f Custom optical engines

| CPO 64x400G optical engine

< [@) -
u z

i
i
I
1
- / 1 Power: <19?? !
4 I i
" 4006 : 1 : L
1
§ 201 : I . :
! ' 7 125.6T CPO
[ | : ' ff ' 1 u
i ¢ . f i
i - ' (2024 ~)
2014 H y nNJ
1 I : i
1
1 ! i !
1 i I
l ] l L >
Commercially available Sampling Future
Source: Module pictures provided by Coherent; CPO switch images provided by Cisco S
F (ii#) Omdia, Optical and Networks Market and Technology Update (2023/05); Arista Networks, Linear Drive Pluggable Optics (LPO) (2023/03) 11
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OSFP-XD 1.6TX;5>>—)\AXI1Y5/MSA

OSFP: SFF (Duplex LC) + MPO + VSFF (CS, MDC, SN) [ChlX T. OSFP-XD: VSFF

(MMC, SN-MT) #&hl () : Ferrule pitch (mm;
F1ILYIR ‘/) | / ”' ‘
1.25 mm#E Duplex LC MDC

JII= (6.25) (3.2) (3.1) (3 1)

INFIFAN ” o

MTZI)L-)L “MPO SN-MT

*Physical Medium Dependent Sublayer

_____PMD" | Notes | Fiber_ Connector _Remarks |

1600G DR16 (1A SMF) 16 x 1A X 100G 32 (Dual) MPO/MMC/SN-MT 500 m
1600G DR8 (1A SMF) 8 x 1A X 200G 16 MPO, MMC, SN-MT, 8xMDC/SN 500 m
OSEP-X[) 16006 4FR2 (2A SMF) 4 x 2Ax 2006 8 MPO, MMC, SN-MT, Quad MDC/SN 2 km
1600G ZR2 (2A SMF) 1 x 2A x 800G 2 Duplex LC, Mini-LC, CS 80 km
(1.6T) 1600G 4FR4 (4A SMF) 4 x 4A X 100G 8 MPO, MMC, SN-MT, Quad MDC/SN 2 km
1600G 2FR4 (4A SMF) 2 x 4A X 200G 4 Dual CS/MDC/SN/Duplex LC 2 km
1600G 2FR8 (8A SMF) 2 x 8A x 100G 4 Dual CS/MDC/SN/Duplex LC 2 km
1600G FR8 (8A SMF) 1 x 8A x 200G 2 Duplex LC, Mini-LC, CS 2 km SABs FR1E, LR16, ER1G

(H488) OSFP-MSA, Specification for OSFP-XD, Octal Small Form Factor eXtra Dense Pluggable Module (2023/03) 12
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NERSHUIT (Co-packaged Optics) &XIRIFAE

Top View
P ¢ & SiPhFYJ’ 0 Fiber
e < . HIT714 INiE%
sy kik— K (|l|f}
Pluggable - OBO — CPO
Micro Board MT Board Micro Ferrule . .

Mount Connector Mount Connector Connector
Faceplate Optical Connectors

71_171/ I\ —— ] HEEE

*External Laser Small Form Factor Pluggable 91.2 Tbps switch CPO layout example

ASIC Optical Engine  pmF Blind Mate
I Connector

ELS

(ii#) COBO, Whitepaper Progress Update: Design Considerations of Optical Connectivity in a Co-Packaged or On-Board Optics Switch (2022/07) 13
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CPORMYFII—RIL—MBENIT7AINDEEENZ
KR9I5 XA VSFFXXI1 945

ELSFPEEImMAN—ATERDA. 51.2T CPO FR/DRAMYF1RUII—RAT L — MI¥D
DANR—=AT256i/1,024:00%&EH v ge R VSFFXI%<J4 : Ex. MDC/MMC-16

36 FR FR DR DR
100% 50% 100% 50%
256 512 1,024 2,048 ___

32
vy (I I I = = | , MMC-32
Q' 28 R I I (6,912)
L : / MPO-24 16O
2 I I I (1,920) MMC-24
5 20 o | | (5,184)
I I '
86 11 PO-16 ’:  RERVSFREIROIBALLS
1 - yar o
; 12 b ‘/IPO 12 (3,456) ELSFP"‘-’ITjD—éZ/\—ZﬁEﬁ
R Duplex LC : (960) I ' — . —
h 8 (144) I I 0000 | 0000 | D000 | 0000 | 0000 | 0000 | 0000 '!llll . " .-—— B
* I I - I 0000 0000 0000 | 0000 | 0000 -w l_l [_| ,—‘ H | I ‘
4 g I MDC I MMC-16 x 64 = 1,024
‘/J I (432) I 16:0:E447] () 1IRUDNRERT7A N2
0 L) b :
0 864 1,728 2,592 3,456 4,320 5,184 6,048 6,912 7,776
= ¥ T4 08/ 1RU ;
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RIBARVSFFYEIRI I iTEN A
F17LYI R : ELIMENT™ MDCYJx%94 (i)
2l : MMCYe94 (1)

Individual connector access via

DirectConec™ push-pull boot

Rugged components built to
withstand GR-326 requirements

UPC or APC polish

Low profile design increases
fiber density by 3x

Simple polarity verification

Highest duplex connector
density with 432F per 1RU

" Fujikura

Individual connector access via
Rugged compaonents built to DirectConec™ push-pull boot

withstand GR-1435 requirements

APC polish for SM and MM

Low profile design increases
Proven elliptical alignment fiber density by 3x over MPO
guide pins

ELIMENT™, DirectConec™|(3KEUS Conec Ltd.DEIRTI,

17
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RIBAVSFRXIR I S5 ENR : R4S
MMCX3J+94 ()

S (R
IR SHHIRLBE

1U Panel Max Density
with (66) 4-port MMC Adapters

16F MMC

4,224 Fibers

24F MMC

6,336 Fibers

MMC-16/MMC-24: 3,456/5,184 Fibers (3-port) — 4,224/6,336 Fibers (4-port)

srra T PhLEAsIE

NFITE

IECIHEAIEKRFMB (0.25 dB, 97%)

RatR=RERE (APCHE)

Angle End-Face
Mating

" Fujikura

Ferrule

Keys

KRIRDHBITV 14 A MBIE
BI7/ RIS AT AEE

x16F

IEC 61755 and 61754 precision alignment structure
for MT and MT-16 Ferrules (250 pm pitch)

Compatible with 250, 200 and 165 pm OD fibers

RUDHSVRICLDIZEE
SV NSYFICLBTZHIE

Ferrule
~ Keys




XIHAVSFRYSIR I F1iTED )
BF/ RS AT AEEE : MMCXOx945 (1)

Conven tional 125 pm Cladding Reduced 80 pm Cladding
250 pm Pitch 250 pm Pitch

MMC-16

MMC-24

MMC-32

% -
BIFESAT L : 250 umEBEXIT7AIN/EVFHT7 A INUR (ST FD]
RIS ATA 1 200/165 pymEXETF7AIN/EVFHT7A INUR (ST FERB]
80/165 um¥I7ANEAICLD. 1x24FP2x24F#:&E6XTitn]

- 19
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RIAVSFFXIR I FMEnF : BBl
MMCx3J+274 ()

HEsADAN— AR, B E2ISEIREE, SEREICERIGEEIDS AT AEFHIEP
R5F 2 YR— NI BB K

-
~~~~~~~~~
LSRR NG
4+

MMC Jr. and Adapter/Receptacle

Ganged MMC Connector MMC Connector Cleaner
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FT74 IR, SIPhFYIHRI7AINIREYFAL, TN IT7AINEE

RSB E BRIV TA I AIC eT74 INZAL -
BRI T7A N EREnRERIEIRIINNE mggg . 250 e[;(l)?)]e 160
Ex. MMCYXIRJ 7634 vl e 7S5y REZ - 125 — 80

T - _____  SiPhFYIRTF/)IREYFE : [pm]
amn A\ o) & ° 125/250 — 80/127 (CPO)

L zsoym _ 2000m T ) YSTRINET7 A IV :

” e e ee | & @ MCF: 117 - 437 > 737
NWVFEIF S s N T4 o’ .
G Bown 20 seoum oy | PMFE (L—Y—HANEME)

L : 3,456:1L3%7 — T )LDAHAZLLEE

1x16 MT ferrule
Need MT ferrule with PM or combination of PM and SMF fibers

What is needed from fiber component suppliers

Ribbon » Disruptive innovation to reduce connector size (integrated version)

PM (laserinput) @ @ @ @ » Solder reflow compatible ferrules

)
SMF (I/O){ » Lowloss SM 1x16 .. 2x16 ? 1x24?
. » SM with 80um fiber on reduced pitch
# PM fibers (4-16) L ]
» PM arrays and Combination of PM / SMF fibers
. » Efficient shipping and expedition of fiber component and photonic module
* |deally Integrated connector to be solder reflow compatible
F F »w k (iH88) IBM, Efficient Manufacturing for Photonics/Electronics Co-packaging (2020/09) 21
ujikura 2023 FUIIKURA LTD.
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Core/Super Spine

| Switch(TOR) l | Switch(TOR) l | Switch(TOR) l | Switch(TOR) '
I Server ‘ I Server ' I Server ' Server
I Server ' I Server ' I Server ' Server
TOR~Server
I Server ' I Server ' I Server ' Server
I Server ‘ I Server ' I Server ' Server
I Server ' I Server ' I Server ' Server

N
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939 RECFRDAEBY
(MMC/MDCZRWEXECIRDIBERRDHI)

Spine-LeaflEADOMMC/MDCEREV ) 1—a 2 DEFE

MDCHRRLI=Y MDC/MMC

(F4&-MDC) BiE1=wk
Switch Switch
(Spine) (Leaf)

H‘JfrﬁMMC:I;?9’5’1‘.?:‘F
HBZiT—JIV(6,912f)

W s64/2U

3 “- 0

— MERECHRELEE U CL B2 - BB ERL iR e IR el 6
r Fuukura ©2023 FUIIKURA LTD.
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