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MBI E / JEEE FTEARRE
DAC / ACC / WENINAS / FELEH(LINE / S EERERNEENE H1EA ; #4281 DAC £ Celestica : AEC 2—5 2
AEC 224G 1891 ARA R
FRO 2 EERFAERCESR - HHERS DSP 10—500 AR (scale-  Meta L FRO Ao5SEY
out EiR) it el
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(224G BF 12.8T)  RLARWESHEEHER % Microsoft / Arista
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A i scale-out 24 Oracle * Alibaba ~ A%
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Meta Bl 51.2T
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+ Nosingle electrical or optical engine covers the full reach continuum a rack-scale Al cluster needs.

= Why it matters: Prevents architectural & reach gaps as Al clusters expand across racks.

Passive DAC AEC LRO/ FRO (Retimed) Coherent - ZR, Lite
< 1.0m (224G) 2m -5m 10m - 500m 500m - 10km+
Strict channel loss cliff Retimed active copper Scale-up/ Scale-Out Scale-Out/ Across, DCI
o . B o o—
INTRA-RACK ACC LPO Optics SCALE-OUT [ Across
1.2m -2m 2m - 10m+ (No DSP)
Analog equalizer cable Ultra-low latency scale-up

Power Consumption

9z = " rrm——— Scaling Innovation for the Al Era.
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JB : OCP 2026 » Celestica (The Interconnect Inflection Point)



+ No single technology wins across the whole fabric.
+ The winning architecture balances density, serviceability, and thermal efficiency differently at each tier.

+ Liquid cooling Next-generation switch integrate dripless quick-disconnect liquid manifolds to handle module thermal loads.

Intra-Rack Row [ Multi-Rack Row /DC
(Scale-Up) (Scale-Out) (Scale-Across)
DAC | ACC | AEC CPO [ NPO [ Open CPX [ XPO XPO pleggabies Coherent - Lite, ZR/ZR+
Emerging : ARC/ MicroLED (LPO/LRO/FRO)
> » >

Density & power dominate; Thermal efficiency dominates; Serviceability & density balance; Reach dominates; coherent-
serviceability is secondary at silicon-adjacent optics cut l'qu'd'wr"_]edl pluggables lite and ZR/ZR+ optics extend
short, fixed reach. electrical loss. preserve field swap. the fabric.

Scaling Innovation for the Al Era.
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ARCHITECTURE ROLES

Pluggables remain necessary, but not sufficient

O & - -

Pluggable soos /1671 LPO NPO CcPO
[MARY VALUE Operational maturity and broad Lower module power and Shorter electrical reach with ~ Best density and power
ecosystem latency by reducing DSP better serviceability than CFO  efficiency close to the ASIC
dependency
- - 0F F Higher electrical loss and Tighter host-channel and link- More integration complexity System yield, thermal, repair,
power at high lane rates margin requirements than pluggable optics and field-service complexity
ST=FI WINDOW NOW & ONGOING NEAR-TERM 2026 - 2028 POST-QUALIFICATION
Immediate and continuing volume Al fabrics with validated Sl margin Platform transition High-density systems

4 The practical roadmap is not a single replacement cycle. It is a portfolio decision by distance, density, power, latency, cost, and
service model.

. Open optical roadmap 0a Micas
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KEFEEENERN  RE=FBARAEEEZEEXR LAHSCHLHRKRIRIGEHE - ESXBARIEIE : Meta AE1L
MR PETER (ALIR) EEIgAERRIFR (MTBI) - Oracle B T—ERAAZMDEIE—RIPETHISEIREEFL > Meta
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3.1 Meta 51.2T CPO : HRIgIER CPO RIZFEE (BE—KF)

® Data shows that CPO ports are more reliable than retimed pluggable module ports, potentially due to:
o Reduced number of interfaces and deeper level of integration
o Flexibility in co-design of the system with improved operating condition for key components
o Integration of optics within the platform allows system level test and screening in the manufacturing line
o Reduced human intervention

® No unserviceable failures during the 1.35 million system hours of testing for phase 2 CPO systems

e Field serviceable ELS modules alleviate serviceability and reliability concerns

Optics Assumption ALIR MTBI MTBI: Mean time between interruptions
! 1 1 ALIR: Annual linkinterruption rate
FRO Allinterruptions 1.22% 0.72M
CPO (Phase 1) Allinterruptions 0.47% 1.85M
Allinterruptions 0.2% 4.5M
CPO (Phase 2) Allinterruptions except ELS SMT component failures 0.04% 25M
Non-serviceable interruptions 0 175M

Scaling Innovation for the Al Era.
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« ELS module, root-caused to a laser drive SMT component, drove most CPO failures. A
fix was implemented and verified by design change.

+  Transient/unknown interruptions were common in FRO but essentially absent in CPO.

«  Dirty fiber/connector failures stayed consistent across both CPO and FRO and remain
a challenge across our deployments.

Failure category CPO Phase 1 CPO Phase 2 FRO
ELS module . 85% . 83% . NA
Fiber/connector | 11% | 17% | 9%
Optical engine HW . 4% . 0% . 18%
Optics DSP FW . NA . NA . 36%
Transient/unknown . 0% . 0% . 37%

Fiber/connector

11%

Optical engine HW
4%

CPO
Phase 1
ELS module
85%
Fiber/connector
CcPO
Phase 2

ELS module
3%

Fiber/connector
Optical engine HW
18%

FRO
Transient/unknown
37%

Optics DSP FW
36%

o 25" _'- _ - Scaling Innovation for the Al Era
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3.2 Oracle : 800G LPO #f FRO » K5t

800G: Linear Pluggable Optics (LPO) Il

Top chart: corrected symbol rate as proxy for how “hard” the

FEC is working looking at occupied FEC bins

= Lower and farther left is better — fewer corrected symbols
for the same amount of received traffic

» FRO sits above and to right of LPO across most of the
population, i.e., in general, FRO presents the decoder with
more correctable symbol errors

« At median, LPO is 3.1E-8 corrected symbols per codeword,
while FRO is 1.6E-7 — roughly 5x higher correction activity

Bottom chart: fraction of links that experienced at least one

transition (i.e., flap) over a 1 month period

* FRO links experienced 1.75x more transitions than LPO

Takeaway: Linear drive interfaces don’t introduce penalties, and

in fact seem to provide better, more stable link performance for
Al systems

Corrected symbol rate across links

o 100%
® ——LPO-LPO (n=1,022)
o 80%
E o Y 15(bin;xcodewords;) ~——FRO-FRO (n=899)
u total codewords
S 0%
w
w
£ 0%
o |
0%
. S ) A Y A * - > >
s $§ & £ § & & & & § 8
Corrected symbols per received codeword (log scale)
links with 21 down transition
LPO-LPO
FRO-FRO 5.681%
0.0% 2.5% 5.0% 7.5% 10.0% 12.5%

Affected logical links (%)

Scaling Innovation for the Al Era.
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B AEFAE (1,022 /899) HE—EiRAI—H BER SHMIRA (4 15.7 B /20.2 B&) KA - 5|FARFZET - 37 : OCP 2026 >

Oracle (Lessons learned from GW-scale Al deployments) -

Dust, dirt, and other contaminants

Common failure modes

* Dirt, dust, debris — airborne contaminants and mishandling,

particularly in areas with high clay content in soil
* Finger oils (sebum) — installer / technician mishandling

= Grooves / etching — permanent damage requiring
replacement of cable or transceiver

Ty

Dirt / debris Qil / finger print| | Deep groove

Some interesting stats from Oracle Al deployments
* 90% of observed L1 link failures are contamination related
* 97% of transceiver replacements are contamination

o257 | 2026

7 REIRESH - AABRMEG (BISHE - 5008 - RER)

learned from GW-scale Al deployments) e

Sampling of observed contaminants in actual deployments

X @ = k2
5 e FIP-001

FIP-001

ixi2 () smarc 12 (&) smarc

1x12 () smapc
=

J

s ARRISRAIEE 1}12 BE APC EERHFIFEEHE - Oracle T§H
Al E3EH 90% Y L1 SRR ~ 97% HINEEEIRFNSR (BHE > A Oracle Bit)

> Z&3H : OCP 2026 > Oracle {Lessons
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THREE-YEAR VIEW - 2 OF 2

2026 - 2029 outlook: near- & co-packaged

TECHNOLOGY SCALE-OUT ROLE SCALE-UP ROLE 2026 - 2029 OUTLOOK KEY CHALLENGES

0CIMSA / 0OBOD Strong fit for scale-out Possible optical scale-up 2026-2028 early systems around TH6-  External laser distribution, OE

optical switch ASICs using near- building block where OCI- class platforms; expands as OCI qualification, fiber routing,
board optical engines style links are adopted ecosystem matures CMIS/software model

Open CPX Serviceable socketed OE Strong candidate for 2027 prototype and ecosystem Socket standard execution, power

NPO - socket near switch ASIC or host modular optical scale-upif  buildout; 2028 early deployment if delivery, cold plate, CMIS behavior,
device xPUs adopt CPX sockets interoperability improves interchange rules

CPO Best long-term option for Later-stage option for XPU 2026 validation and selective System yield, repair boundary,
highest radix and lowest or accelerator package deployment. Switch CPO grows firstin  external laser reliability, fiber attach,
power per bit integration 2027-2029; ¥PU-CPO follows later thermal, field service

& Nosingle interconnect will replace the others. The market will segment by reach, density, power, latency, cost, maintainability, software
readiness, and manufacturing maturity.

10 Micas

8 :2026—2029 A EEY (Micas Networks) ° OCI MSA/ OBO : 2026—2028 7£ TH6 RTF&AHIREEI A4 ; Open

CPX By NPO : 2027 [REEIAARIZE > B OIS0 2028 RHERE ; CPO : 2026 EgaEBBEEERE » Tids CPO 2027—2029 Johk
£ XPU A CPO & - BATEIKEY : /MNP EH S MATEE ~ KIS - BE - IRIGRIF - 2RI : OCP 2026 » Micas Networks (From
LPO to NPO to CPO) -

4.1 BIFIRER

15H BFEh BB 3=
OCI-MSA REII 2026-03-12 ; BltaE Meta ~ Broadcom * Microsoft M

Microsoft » OpenAl ~ AMD ~
Broadcom * NVIDIA

Open CPX v1.0 2026-09 RiZ# (6.4T /7.2T) Ciena (Oit) HEES
Open CPX v2 /v3 2027-06 (200G/lane » 12.8T / Ciena ([Oit) S
14.4T) ;2027 EEZE 2028 FE4)
(NX400G)
XPO MSA 2026-03 ; Micas : 2027 T2  Celestica * Micas R / 78R

% ; Celestica : T—1& 102.4T /
204.8T7 &%&tEHI A

USFP (Bf8FHER) 2027 BE NVIDIA (O3t) FE|
Spectrum-X CPO EEE (Bit) NVIDIA Mtz (COik) Bt > BME=5E
Broadcom CPO TH6 Davisson (102.4T > Broadcom ~ Celestica A B R By

200G/lane) 2026 ; O 2028

Meta 102.4T CPO /NPO &2 POC Bt ; EEREKRE Meta ZEARAD
At



3.2T / 6.4T /12.8T NPO 3.2T BMYEEE ; Genuine 6.4T 2027  Alibaba ~ Genuine (0 FE|
F4) GA ; 12.8T BHARAZ i)

=24 Open NPO 2026-12-30 [a OCP &t ; Huawei R / 78R
SuperPOD L1—L2 # NPO 2027—
2028 ; XPU By 2028—2029

Credo 2027 : 6.4T NPO ~ 1.6T ALC ; Credo BaRE (Bi)
2028—29 : CPO

OCI 400G / 800G tft, 400G : 2027 ([FERGEFRFRER) Microsoft » Broadcom ~  fRA&RFELFER - BIERERFELA
800G : 2030 £z (FMR) Celestica El

BHIECERE 2027 FEIRE 2028 &F Capital Group (Ot) TR

Celestica 8L 8% 2027—-2030 Celestica TR

Google OCS 7@ v0.8 2026-09 HJEXR Google RIBER

4.2 migFEAl (O > |ikRzh)

15H BF TR O

HEETIBRE 2026 F4 +120% (LERi#BE 100% % 2000 &) ; 2027 F4 +70—80% ; #%&  LightCounting ([Oit)
ETHEREESE

CPO+NPO 8i& 2031 O : 1.6T BAG—F ; 3.2T 18 (2029—2030 i > BEMEEE 1 8E LightCounting (Ot »

18) & 756% ° @BEXRA CPO B NPO HEEHMIHEE ; 3.2T B lane ERHAFMHAE  TER)

UREEER 5 capex  BRIZ 5% ° 2029—2030 [£Zl 3.5—4% (S TEEBEESREFS GPU IXEE88  LightCounting (Oit)
tEE BEET)

scale—up Y6244 2029—2030 & LightCounting ([iit)

AR

FETHIGEE #J 500 {E37T » 2030—31 &4 1,000 {E3E7T 5 scale-up &A 10—20% 4R » Source Photonics (O
ERNBFE—ERETE it (L)

hyperscaler 2027 FE#BE 1 Jk3=750 0 2030 FiBiE 2 Jk=5t (& neocloud ~ Al BERZE ~ £ Capital Group (Oit)

capex %)

LightCounting [EIE& 2018 F /Y CPO TR : Bt ERFEL (2026—27) FIER%EHE > (BHEEMREA 10 & >
FEEREFEARHE scale—out BinAHIKEL scale-up EMBESEMER - EIREEEE ' AEMAE T2 WEANE
scale-up MIERER &SR - Capital Group BIEFHIRE ERIBEMH : Rt A O&RBZHE > RERE L > BEEET
—REBNRRFE®EN  BREEEEERE T LEHMERE - REIEN RSB « 2EER - UMRIETE
200G Ei 400G BEEF{E -

| # 5 = WEHFIMY : XPO + Open CPX » USFP + OCI

AERNRBREEREE 50T KMRLRAIEIREHK OSFP 2 > 400T REEE 1RU KHEGIAMEHREB A
2l (Ciena Oift) - XPO RBERIRARMNEE > Open CPX AIIE Mty #RE ASIC ZHIKEEE



5.1 XPO : —E{E4HZE/\{E OSFP

VYD inrro 3¢ .,_._‘_‘..,E r ens vV her D ug \ /Nl 0 ule OSFP Module

The XPO architecture consolidates the full connectivity of eight individual OSFP plug modules
including high-speed signals, power, and sideband communications—into one compact XPO plug module

Equivalent of 8 OSFP =¥

* The same bandwidth of 8 OSFP modules is consolidated into 1 XPO module SdeBands and Voe: = =
* For 224 Gbps signaling: delivers up to 12.8 Thps per XPO plug module Contact Groups - e
*  For future 448 Gbps signaling: will deliver up to 25.6 Tbps per XPO plug module - -

* Integrates high-speed data, power, sidebands, and liquid cooling XPO Module
+ Delivers significantly greater bandwidth density in a compact footprint A e v prare
* Reduces front-panel space and simplifies system integration

Combined into 1
Compact XPO Power

- '$! L and Sideband PCB

Wi

1XPO Plug 1 XPO Plug Module has the

HS signal bandwidth
Module l'_ﬂﬂ' R same i
T ONES power and sidebands as 8

— g DN D B D BN B B B OSFP Plu
) 5 g Modules.
)f(PO C)'l-' pitch °o_© === = OSFP C/L pitch for HS signals
or HS signals is 0.60mm
is 0.56mm o b d b b bd bd Ud

®: 2% | 2026 -

> 3 ..

9 : 1 ffl XPO 1&4H¥ 8 {Bl OSFP #4H - XPO 1 8 f OSFP MERM « EREAEFSHA—EEMHLE—RER / BT PCB ; 224G
BFESH54H 12.8 Tbhps » K3 448G %A 25.6 Thps ; &iRaE pitch XPO £ 0.56 mm ~ OSFP % 0.60 mm ° Z&3E : OCP 2026 » Foxconn
Interconnect Technology (JBf#) (XPO: A High-Density, Liquid—Cooled Optical Interconnect Architecture) -

e MR : 8 18 OSFP #J 190X16.5 mm * 1 ff XPO £ 60.79%X21.10 mm > ZBELY 4 5 ; 10U 3322211 128 &
XPO 1BNIEmR TEBEF G » FFER -

o R1& (Arista PEZ[1E) :204.8T/1RU (200G/lane) -~ 409.6T /1RU (400G/lane) - K45 Hme 500 W
/ 48 (25.6T coherent-lite) ; FSEZHIL » AJ#AE DAC ~ ACC » AEC ~ LPO * LRO ~ FRO * coherent—
lite °

e Microsoft £2 Arista AYBIsX5E (212 Gbps SerDes - @IETEE 15.42 dB » #EEFEE) HIEA FRO B EH
A ~LRO Zz ~ LPO 3 Tx BR#I (HniE2:{EI BER 49 1E-7 » FRO 7£ 22 dB B4 1E-12) -~ Microsoft HI%E
WA MBS scale-up RZE] @ MAREMKALFERE -

e Amphenol #J XPO #E1%3% : 64 {5 &RBEE - E— 48V B  EE&RZ ~ MPO-16 1S - R EHER 90
W o
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x2 Design — Parallel Configuration — 200W

Qutside temperature contours Inside temperature contours

™

64.49
62.33
60T
§8.00
55.84
53.67
51.51
49.34
4718
45.02
42.85
Temperature (Solid) [*C

Surface Plot 2: contours

Notes:
1. The pressure drop is 34.63 kPa (5.02 PSI) at Maximum flow rate 0.4L/min,can meet spec( > 5PSI).
2. The pressure drop is 36.44 kPa (5.29 PSI) at Maximum flow rate 0.4L/min,can meet spec( > 5PSI).

3. The max temperature of Module is 64.49°C,can meet spec(< 70°C).

Scaling Innovation for the Al Era.

- - e b

10 : XPO SR ERE (857 > IER|AY) - 1X2 A - 200 W« SMRERNENRE D sk 64.49°C (FREIER 70°C) ; [EZME 34.63 kPa
(5.02 PSI) Ei 36.44 kPa (5.29 PSI) - EFEREAME 0.4 L/min - REPREHR 5 PSI RIEHEEHILS - 2R - OCP 2026 » 1§
g (XPO) -

%

F ™ - . . Ci : | o
Ooldl ( 11 1CI0N ) NTI ENllc INSE ) 0
0
(008 S,
¥ \
224G XPO
i 448G XPO
4
=
>
-6
-8
10 . | — : —— ! . . jl . :
0 20 40 60 a0 100 120 130
Freq [GHz] High Power side Low Power Side
PAD
67.00)— 1300 e m
Assuming 448 Gb/s per electrical lane and ignoring FEC/encoding overhead: o Diffa/10 =’U
For a practical PAME implementation using 5 bits encoded across 2 PAMB symbols—2.5 bits/symbol: AS
+  Symbol rate: 448 + 2.5 = 179.2 GBd D :;
Nyquist frequency: 179.2 + 2 = 89.6 GHz Diff5/11 =A1i
So, the anticipated targets are approximately: SHO /13
448G PAMA: 112 GHz ALS
448G PAMG: 87-90 GHz Diff6/12 =Al 7
Actual baud rate and Nyguist frequency will be slightly higher when line-coding or FEC overhead is included. BND A9

Scaling Innovation for the Al Era.
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11: XPO k4% 448G Hl 224G 5 ¥EE (E) - 80 GHz & 448G hR4 —0.89 dB 224G kR%Y —1.32 dB ; 224G hRTE4) 90 GHz
Z15=% » 448G KRTE 112 GHz (PAM4 RIS ZEEMISSER) 49 -2 dB ; MIFAL4R1E R PAM6 (89.6 GHz » 87—90 GHz) Ei PAM4 (112
GHz) - Z&E : OCP 2026 » JBfE (XPO) -

5.2 B¥m memo EIBE—FHHENER (LRESIE)

B mIRERR 2026-10-12 EMmAVIEAE XPO JE:E memo @ BEEER AMNEGRES IR F EA— - MTU—FE
RAZE - WEARMPLE RAE M O aiER:E -



B3 memo HE—FEHH (NEM—FER)

RIRRE 4 L/min R p11 BREARE 0.4 L/min (1 X 0.4 B# > memo A%:% ; RE
1) B 5 PS| S HERLEE
448G PAMA4 1E18 % -5 dB 3R p18 HHEIERMARA -2 dB ; PAMG PAM4 1£4A% -2 dB (1&#t)
(112 GHz) (89.6 GHz) #y -0.85 dB memo 9 TPAMG6 {£R 1dB) B
Pre-FEC BER 10" £ 102 53R p14 : 8 ¥ loop-back (EXFO BA- EEABRET ; A% 224G

1600 > 106.25 GBd PAM4) % 1.07E-12
Z 7.25E-10 » post-FEC &% 0

XPO MSA FiE & M25 RI®ZE 1650 RIA TSRS - B ; Microsoft/ 150+ R{EHIRAE memo (O#E
£ Arista %R p6 7l 20 RiZLNELERE B) o EAREIREEE
logo
EHRERE 50V Amphenol f§$R% 48V ; BEMHKREHFT FE  WIIRE
B EERNEEE — -0.465 dB A E : £ -3.93 dB 1@  1ERAKEE

4G4 -3.0 dB 18 -0.93 > BRI 2 ET
@ (224G > OFC 2026 BT » 53.125

GHz)
10U 128 & — HIRBNES BT E 0 JEER

5.3 Open CPX » USFP Ei OCI

e Open CPX : 2026-03-12 FX1I (Ciena 883 60 X » Oif) - v1.0 #RES 6.4T Bl 7.2T o4& NE ° &

BFEESREBLAR LY 5 Type 1 BN ~ SRETJROJEARRE > Type 2 ZE— pin field » Ciena g
FELXPO. : FA—1E XPO JMEAIR S B 5118 4HE2 10—20 & CPX 1840 » RN S 5T MBI EARAIRGZE -
TE4E 4% /5 B84F Coherent ~ TeraHop * Ciena ~ Intel (i) ; Samtec » Molex » TE » Amphenol #7§ £}

e fREEELEERR (Ot > JERTE) -

e USFP (®&TEAKHE:R) : NVIDIA B Cisco RIEERI—HE® °» HEERIEEE MSA ; TE Megalane £
Amphenol ZEEZRBM - REREABERE | — 158/ OSFP ~ && 100 W > 5—1578 4 E2E - i
ZE/DE 30% ~ 5% 16 lane (6.4T) & 32 lane (12.8T) ~ X1& 200G £ 400G/lane » 2027 £ - TE #H
BIPBIAERESE > WIECSIEER OCP HMEER - USFP BHE © AIAED IR XPO ; M B Al & AR
M ERRAM% -

e OCI-MSA : Gen1 & NRZ - WDM ZFEE -~ EXt#E @ (Microsoft fk#E 8 KR —4HIZHEFS ;
Broadcom FiiRFEEHO@EIE 4 KK > MIFRMGFEE) - Broadcom LEE 200G Z##i : DAC 7 pJ/bit
8 2 AR « 24 0OCI 7 pJ/bit & 500 AR - AiE#R DR LRO AJ#fEiN 23 pJ/bit & 500 AR (BB
BRKE) - JAEMHA : 200G IRTE ~ 400G 2027 (%R9%%) - 800G 2030 F ik (#HR%E) -



3 new MSAs

OClI MSA s

Optical PHY | i Open CPX MSA

AMD Broadcom Meta 1. SN
Microsoft NVIDIA OpenAl Optical Engine

Ci herent Marvell
mtec TeraHop

XPO MSA

Pluggable Form Factor
Led by Arista

12 : ={@%t MSA (Micas Networks FIREESR » JEBREIER) - OCI MSA (3 PHY : AMD ~ Broadcom ~ Meta ~ Microsoft
NVIDIA ~ OpenAl) ~ Open CPX MSA (35|28 : Ciena ~ Coherent ~ Marvell ~ Molex  Samtec * TeraHop) ~ XPO MSA (&G4t
2 » Arista £8) - fRERER Micas Bi#RATTI - FARMEIETE - 2R : OCP 2026 > Micas Networks (From LPO to NPO to
CPO) -

fBE /A (BEREWH)

OCI-MSA scale-up 3¢ PHY - ELSFP Meta * Microsoft ~ OpenAl ~ AMD ~ Broadcom * NVIDIA  Gen1 #R#& ; 2026-03

KR~ AEARR AV
Open CPX B4R NPO #BEEEYE / $85|  Ciena » Coherent » Marvell ~ Molex * Samtec + v1.0 B3
= TeraHop ; Lumentum BiEE
XPO MSA =22 ERR A G IME Arista 8 ; 20 RZONEHERBE logo (& FIT MSA 2026-03
Eoptolink ~ Coherent » Lumentum)
IPEC / Open NPO TE#ES (72 #i= EATE ; IPEC %4 55—60 R & * Open NPO EZE 40+ 2026-12-30 Bi@
NPO 212V ER) & OCP =gt
UPO 6.4T B4 12.8T NPO ()  Alibaba 12K HRETAR B
USFP OSFP &4 r] iRk NVIDIA + Cisco ; TE » Amphenol #i%2s BB > 2027 2

& (O#)

I

RESEVER © Genuine fRHERFAMZESR - LGA f£52)
x> EIREEESRHE FAU BRI AR ELETE -

(LEHBE) 58 > CPX/ Mezzanine EE!



| % 6 = TR HMBEHENEEHZS

CPO #2 NPO HEMFER - SIEBHMEEARREEZE - EHATRSER - Meta NEIEEHRIA 1 CPO #
P&%H 83—85% REIMEIEEIEM - BET THIMMAE pABRBREETITHE (RH -

Distance from modulator
.__I LA Internal (Monolithic) Internal (Integrated on PIC) Internal (In-package) External source (ELSFP)
4

Fiber and connectors; highest

5 lowest laser-PIC coupling loss  One bonded interface; Micro-optic coupling; 1.5 dB
Optical budget -
el -- 0.25dB loss laser-to-mod 0.5~1dB loss laser-to-mod loss laser-to-mod T e i
loss ELSFP-to-mod
Laser at the cooler front
Thermal Laser in the engine heat zone  Laser in the engine heat zone Laserin the engine heat zone panerl n
Service Replace the engine Replace the engine Replace the engine Replace the laser in the field
Laser RIN Good Good Great Great
Twao platforms; yield Known-good, burned-in lasel Shared source (4-16 lanes);
Manufacturing Single InP wafer wap / A n Wn-go urned-nfaser r_ - E G
compounds die PM fiber handling

Internal lasers offer simpler system design, less reliance on UHPL, remove PM fibers, and help with front panel
ELSFP density specially for 200T switch generation

Scaling Innovation for the Al Era.
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13 : BHMAUEBEIE (Nokia) - EHFIFAERHIERE £/ 0.25 dB -~ PIC S 0.5—1dB ~ HEAMAEIES 1.5 dB ~ 4MB ELSFP
2 dB (B)tiiliEiEes) - I=—EEHESIZHE B TEMRE|ZE ; INIEHRERSNRIER « JIRISRES - BREERE (PM) Jo4
B% 416 lane HAJIR - Nokia K& « AENE S AIBERA /J'JZ DHBEINEREHNKEE « RRIEICHE - ¥ 200T H#EERNEIE
#R ELSFP ZEALEEF] - 2K : OCP 2026 » Nokia (Architecting Near—Packaged Optics for Al Datacenters) -

paE MiE Bt mfi
IMNEREE Y 400 mW BEINREHRCEENMES ik - 50°C 8 RHEINEERE 350 SRAE (RRE vs BEO
(Lumentum) CPO /NPO &£ ; 800 mW EZ 16 & mW ~ PCE #Bi& 20% ~ 4 E /R i) 16 IHEREIKL 350 mW

£ (200 GHz f&jiE) &£ OFC B/ 500 kHz ; R 2% 400 /800 mW kiR ; NVIDIA & 2025 8
TEIFE S - BEIRARRIAMH

5RA%
SMEREEET (Ayar  H44E4R ELSFP : 8 #@iEX23 dBm - 100 ZEEER (50°C @i~ -20 dB BB - HEIFS ; S ERHtIE
Labs X #%58) &) TEC * ZIHEFEFH R B RET -~ 45°C #EK) : 1§ 23.4 ERER
dBm (0 0.32 dB) - SMSR 53
B 4% 0.16 MHz ~ RIN -158
dB/Hz » BEEBRIBE
IMEREE Y ELS HINES  BIEFE/) ~ 0[IRiE  OIF B9 ELSFP 2 Ak : 100 mW EARA ; BE (mode
(Oracle 1 FHik o BREEEREESD - NE (20 dBm) EBEINE (23—26 hopping) WZBTEREimER1E

) % . B A -BOM 5 dBm) ; FEENERBIZEL 20% ;
Terahop 78 CW ZE&F FIT €5 0.1
tﬂﬂ]i%gﬁﬁﬁﬂﬁ'ﬁmﬁ;i‘



NEES BRFEM  EIRSRMMAR > % 400 Nokia : 6 IF InP & (Sunnyvale 3 = AR ; NEEHHERES

(Nokia » mW SNEREERIERE 0 RTE/N I~ San Jose 2 Arizona & 6 BE -~ ARG AR
Lumilens) ) - BEFZEK 2030 FA] InP &
249 10 5 ; Lumilens &= 882
Micas (Z&4% Thyperscaler EESR) RIFRNE  EBEUE ZipmEn > REREF
) F5 NPO LABS{EARTS

Distributions over 100+ ELSFPs, with -20dB OBR

23.4dBm 53dB 0.16 MHz -158 dB/Hz

mean output power - ¢ 0.32 dB mean SMSR - ¢ 1.5dB mean linewidth - 6 0.04 MHz mean average RIN - ¢ 0.8 dB/Hz

'
23 dﬂmtdrgel: spec <=150 dB/Hz

]
1
I
1
I
I
I
I
I
[}
1
I
1
|

SMSR (dB) Linewidth (MHz) RIN, average (dB/Hz)

Every laser meets spec with margin. SMSR>47 dB P .o enmm-e}w
(spec >40 dB), linewidth <0.37 MHz (spec <1 MHz), RIN <-154 ' _Spepcgim single
dB/Hz (spec <-150 dB/Hz), all measured at 50 °C die channel: stays below

temperature with —20 dB back-reflection. ‘ . 150 dB/Hz up to 26.5
! . G/ \

14 : 100 258 ELSFP HWERIS% (-20 dB HRE} ~ 50°C |ALRE) - FHEHINE 23.4 dBm (B1E 23 dBm) ~ SMSR 53 dB
(R ARH 40 dB) ~ #2E 0.16 MHz (3/#/\i2 1 MHz) ~ 19 RIN -158 dB/Hz (38/\iR -150 dB/Hz) - fRTEE—EEHERER
BABRR# - 25 : OCP 2026 > Ayar Labs Ei4258 (Rack-Ready High-Power ELSFPs)



Cold plate designed for a pluggable ELSFP

Uniform surface temperature profile

Same surface temperature profile across all F -
the 20 ELSFPs with ~45°C inlet coolant Resilient TIM 0399' ate

Resilient TIM on a metal spring sheet

Tested for 100s of repeated insertions without Spring Sheet

any TIM wear-out; no re-application in the Belly-to-belly

field ELSFP ports Top side cold plate

Compact design for high density systems I:L-_-ﬂ[' “F ’ﬂﬁ /= === rlﬁ_ll--«] :
Cooling 20 belly-to-belly ELSFPs within |

10U height Bottom side cold plate
= outlet inlet

< Rear view >

15 : EATEN ELSFP EREHAVSHR - SEE R LAEM TIM (BEREREER) ~ L TRENRIR > £ 10U SERNRAD 20 EFE
% ELSFP ; #KBH /KOS EMIRE 20 FHERE © FEIEM 5011°C ~ 3K 45°C ~ 2 1.3 LPM ° Z&JF : OCP 2026 > Ayar Labs El4&5E
(Rack-Ready High—-Power ELSFPs) -

FIFE - SHEMIKIEIEEERN - MEHEARRBED - AIR5IZH NPO (£5|ZREEHEMAITT (Nokia #9
e SIZEEMARERZIN  HMNPEHAR TREARE) BRI - ¥ InP HERNS - BERP—IREBL
BHHERNRFREA LS > B2 Nokia 6 [HREMBHER ; B M0 51 T Nokia BilEFER > BHE=

A 37%
7‘3_11\22115 °

| % 7 = scale-up YN : link flap BURKEHE

scale-up E K GPU RMEAIHZZAED DHEIE R - Microsoft B2 Marvell 3R : L2 INIEIER S #EE 0] B
M2 TA EERFE, -



25-50% blast radius

In case of optics fail 23% blast
radius
100% blast radius :‘p:izssef:ifl.
In ics fail i ; ;
case of optics fal :1::;:"3; Opt}cal board ;Sz:;a;:;?:::h” Interleaving.
Or photonic NPC
Engine or Laser Laser CWDM or
similar . Similar

Lambdal
Laser [ Lambda?2
Source | j Lambda3

Lambda4

ASIC ASIC

ASIC ASIC ASIC

B2 2026 *..  Scaling Innovation for the Al Era.
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16 : TURRELIBIEEE - HAESIREEAT N T512 « BEIABEK 100% ; HMR EEESH 1 256—50% ; CWDM 4 JEEK : 25% ; NPC
$E 4 BB3Z8E (interleaving) : 25% ° Microsoft RIEBARAERENR « Y F512H ASIC ZREIRTTEREN M shuffle (XNRIZLE) B~ K
J& : OCP 2026 > Microsoft (Optical Scale-Up Al Systems)

Ghosts in the Al factory: When rare link flaps
become fabric-wide events

MODEL : From arare event

_/\{ Per-link probability tos veal outage

is low

kf OCcurs

idual link flaps are
s ~3M 0’9 Single link event

Gpus J opl
=== Many optical lanes |
=2 multiply exposure

Each XPU has ds )
of optical lane >1 OM %
the chance that sorr g

will flap

optical links

Collectives amplify
685 the blast radius

I Workload-visible impact
ol Training slowdown,
1 flap / 48 sec job e ation, or failure

across many XPUs

All-tc

17 : E— flap MEIESAZEHEHSH (Marvell BIE(CER > JEIRIGEHIE) - 2025 FER : 4 300 & GPU ~ 818 1,000 BEfF/cHEE

ENRNE 48 —R flap ; BHEREEE - (EESEMRIFDELTIEE lane » EESEABRARBEEFE - ZRIF : OCP 2026 > Marvell Bl

Microsoft (Scale—up optical reliability and GPU/system resiliency to optical link flaps) °

o HR{E : Marvell £ TATAE flap HERER 1%1 FIRBTIEFRERR ; pre-FEC BER BIRER 1e-9 ; &m0
& scale-up ¥ I/0O EMSRIEEN R —1KPISE -



o IHEEEIME : 800 Gbps 4-lane 7% > BE— lane flap BFE = 1X800 #ERBIEEFIE » FE 4X200 ER AJE
% 3X200 3§ 2X200 ; 4 1& lane [E6F flap BlinZAFEET > BEMFARBES—5R NIC - HE lane EAREIHE
13 > EIEF flap ERLAAE lane EERIIURT

o R1EEFRIPESE (Marvell RELIANT) : EBS/ZENAT - SRR EI FHIAE - 8ERE/NR 1 28 « BREX 500
ZEW -~ RAEEA 17 - Ranovus NHMTIEE - EESHSELIE - ERiEE LREN flap > B EHEERE
burst error » MIEFS BER -

o RESHIR(E : i QSFP « OSFP EME 32—64 lane B OBO ~ XPO » CPO » &1E flap HEHZEZ lane
HAEHEEER - Microsoft R NBIRHFHHEEARMISEE - EERHREHRAXEENETE 48
REASESNENR > DAK pod #R1E PoC By flap #tst -

o EAIFBAI : Oracle ¥5H LPO ~ NPO ~ CPO X312 DSP & » &R ~ (b ~ FEC ~ s2EMBLRIRERIEBAE K »
ADE LA H TS FIZTHAE R ; OCP RIS TE4H [EEMuE g% o

e Meta B9 NPO 7% : NPO FRIEFIGHIRAE » HEARMRIMBREBIRRERT » REEEES K=
BGPTSR FBFEIRERRE - 52 NPO tE CPO BE#EE(EN S —ERRA -

E—EHEZEHENESE  scale-up XENEBARE > AJEHER ~ TREEERFATE > MARHIBERE -
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