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Optical Interconnects

Matt Sysak, CTO
August 31, 2026
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The Virtuous Cycle of Al Scaling
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Power Efficiency
and Cost
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DATA CENTER
INTERCONNECT
(DCI)

FRONT-END
NETWORK

SCALE-UP SCALE-IN
NETWORK = I BB I Bl B B |mm:- NETWORK
(COPPERBUS)  E DI FEMR L T WFEMER T FPEIM e

Accelerator

Racks - General-Purpose

Servers

SCALE-OUT
NETWORK
(BACK-END)
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High-performance lasers, modulators, High-volume lasers for scale-up and scale- Proven MEMS and LCOS solutions

and transceivers for scale-out and scale- in built on large scale sensing deployments supporting scalable optical switching
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InP Technology
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Lumentum: InP Technology Leadership

Data Rate
(Gb/sec) 400G EMLs

enable 3.2T era Leadership Milestones
448G |
DD-EML First to introduce a 10G DML

400G
PAM4 First to introduce a 40km 10G EML

\ NN NN I N
384G
PAMS8 O First to introduce 100G CFP 25G/28G CWDM DML

224G
226G PAM4 First to introduce a 112G PAM4 EML

200G i O O ODifferential

Drive

PAM4 O 225G First to introduce a 224G PAM4 EML
PAM4 10km

106G First to introduce a 400mW UHP Laser for CPO

PAM4 O 01 066G
PAM4 Differential Drive First demonstration of 800mW SHP CPO Laser

O iiﬁ . First demonstration of 16-channel DWDM UHP

43G NRZ
25G NRZ

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026
Launch Year




NVIDIA's
Spectrum-X
CPO Switch

NVIDIA Spectrum-X Photonics

CPO Co-Invention Ecosystem Partners

Technology Innovations
New Microring Modulators (MRM)
TSMC Photonics Engine Optimizations
High Power, High Efliciency Lasers
Detachable Fiber Connectors

00 of Patents, Licensed to Customers

Enabled by Lumentum’s
high-reliability, ultra-high-
power laser

ZLUMENTUM

Leveraging Lumentum Foundational Leadership in Lasers

ZLUMENTUM

© 2026 Lumentum Operations LLC | 7
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Class-leading CPO Laser Performance

Light vs. Current Power Conversion Efficiency
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Class-extending CPO Laser Performance

Multi-Wavelength UHP Features and Benefits

16 DWDM channels — For power efficient high-density links
« 350 mW per laser / 23-24.5 dBm per fiber — High efficiency
 Wavelength control within ¥25 GHz — Tight spacing control
* Pluggable ELSFP architecture — Compatible with ELSFP

16 wavelength ultra high-power lasers for power efficient interconnects



800mW SHP Features and Benefits

TRANSFORM TOMORROW

Class-extending CPO Laser Performance

>1.0 W at 25°C / >0.8 W at 50°C - For higher power budget
1310 nm O-band - Aligned with SiPh and CPO architectures
<100 kHz linewidth - Delivers high spectral purity

Low RIN and >40 dB SMSR - Improves signal integrity
Mode-hop-free single-mode operation — \Wide operating range

Linewidth (3A)

50°C/3.0A

Optical Power (W)

)
/\
' R

RN

00000

Compact ELSFP implementation — compatible with ELSFP 4

Current

Super high power laser for high speed and improved ELSFP density
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InP EM 0G Performance (OFC ’25)

448G InP EML 450G InP DFB-MZI

Eye/Mask

¥

Scale

KEYSIGHT File Setup Measure Tools Apps Help ' coale  Giop

i Waveform

Pk-FkAmplituds

More (1/4) More (2/5)

N 4.4 myf m 1,900 mw/ Timebase Acquisition Frame Trigger
=} 100.0 my{ | S 4.2000 miW 3.000 UI ttern: On || Src: Front Panel
@ 100.0 my/ 1. 638 LI Ly ; 5

) 100.0 my}

Timebase ® NS e Trigger

1.11 ps} 4 0O ok Panel
Pos: 16,00308 ns = ;

IPTB: O

Partner announcement: “Keysight, NTT Innovative Devices, and Lumentum Achieve
New Benchmark 448 Gbps Data Transmission for Al”

Debut of 400G+/lane high-performance InP technology
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OFC 26 — Intercepting the Market

400G+ InP EML 1.6T Optical Module

KEYSIGHT File Setup Measure Tools Apps Help

Eye/Mask

Wavelom

More (4)6)
Results '

P 610 W/ DR B 226.0 uw! Nmedase ©
[ W 40 a0 uWw .
Y

M i

Live demonstration in Lumentum’ s booth at OFC

4x400G, 1.6T optical modules based on differential drive EML




GaAs Technology
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The Scale-Up Challenge

Energy Efficiency

BW Density *

Optical

Sources: Nvidia

Scale-Up BW (Tbps) Scale-Up Size (GPU) Rack Power (kW)
Blackwell [.2 /2 120

Rubin 14.4 144 ?7?

Feynman 28.8 ?7? ?7?

High-volume optics required to break reach, power, and bandwidth constraints
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Metric

Speed

Scale-up technology options

VCSEL SiPh InP TFLN

+ + + +

Context

Wide parallel approaches do not require significant bandwidth.

Volume

.

No technology with higher deployment than 3DS VCSEL.

Cost

InP and TFLN are expensive; SiPh requires external laser.
VCSEL requires fiber.

Power

External laser drives power, InP, and TFLN require external drivers.

Reliability

VCSELs offer redundancy and sparing to reach <1 FIT.
SiPh has external laser.

Reach

VCSEL reach challenging with standard fiber (new fiber possible).

Density

InP and TFLN are not dense enough to meet scale-up interconnect
requirements.

Scale-up requires new fundamental optical technology
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What Kind of VCSEL?

* First standard, 1999
« Set from fiber/laser technology in '90s

3D sensing introduced, face ID, 2017
Pushes industry to high-volume manufacturing — billions of emitters shipped

Automotive introduced, 2021
Forces high-temperature, high-reliability interconnects inside automobiles

High-density interconnect proposed, 2025
1060nm Builds on 3DS, automotive, adds bandwidth, density, signal integrity, manufacturability
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Si interposer

VCSEL die

Photodiode die

Low Power PHY (UCle)

ASIC

Driver

UCle-A Chiplet Concept
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Core Technology: GaAs VCSEL

Measured DC LI Over Temperature

Power vs. Current

TRANSFORM TOMORROW

- ;Eim Heat Sink Temp. Reliability Testing
o —35 Wafer
—65 WD170-001-05 WD170-001-08
4.0 75 2 0% -
85 —_ .
= 10%-
95 g )
35 105 £ o k:.,_ _
115 o . ""\_.__-—_'__—
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DC Bias Current (mA)

High Volume VCSELs with unmatched performance and reliability




TRANSFORM TOMORROW

Response (AU)

900 1000 1100 1200 1300 1400 PD arrays
Wavelength (nm)

High volume Photodiodes leveraging GaAs supply chain
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Core Technology: VCSEL on Interposer

VCSEL array power on

/P semi

@ =2 rluce
% mriry Ty
AL 7
=20 7
Wiy

Backside emitting VCSEL on Si interposer

-7
/

L2

=%
-

-
o

\

o

F10PM
A NG BD® 5500

80 emitter fiber array/VCSEL

High Volume VCSELSs in stacked die packaging




AN
OO,
N

\\ \

6 SeM| | SEMICONTAIWAN \

N
N

~ -t -\.Q' ‘.\:.\ NN “\~_§ \_‘.' x-‘,{_‘“) \‘. ,'-_\;-_ - h ™ \\) Lt -
R ¥ - " b N W
. - ~ SN - S e

A . ——

TRANSFORM TOMORROW

Core Technology: High Density Fiber

* Fiber core position error relative to a perfect 125 ym hex grid < 5 ym
* Fiber average pitch was close to 125 ym
* Up to 80m / 80 core fiber array prototypes fabricated

CORNING CORNING CORNING

Fiber position

1 2 3 4 5 6 7 &8 9 10 11 12 13
Fiber position

High density 80 element fiber bundles with 30m
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VCSEL/CMOS Integration

v\

== ‘\ A VCSEL/Advanced CMOS Integration

STATUS

» High-density 1060nm VCSEL and photodiode arrays

» Leverages high-volume 3DS supply chain
« Compatible with standard SMT (no fiber compatibility issue)

« 32 Gbps / channel consistent with UCle-S and UCle-A
« >80 Tbps bi direction optical bandwidth capability

« >1.5 Tbps/mm (path to >4 Tbps/mm)
« Capable of <2.5 pJ/bit

Live demonstration in Lumentum’s booth ° Error-free operation (1 6-1 2 B ER)

First demonstration of 1060nm VCSEL integration with advanced Si CMOS
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Optical Circuit Switch: Breakthrough Power Savings

FRONT-END
NETWORK

SCALE-UP
NETWORK
(COPPER BUS)

« 300x300 passive optical switch based on MEMs NeTwoRK

(BACK-END)

* Spine switch replacement and network redundancy / network failover

* >65% front-end and scale-out network power reduction in 100K-scale GPU deployments™

Sources: Lumentum: Energy-Efficient Al Networks Lead to Dramatic Reduction in Environmental Impact, 2024; Cignal Al: The Optical Circuit Switching Market Report, 1Q25
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Optical Circuit Switch Performance

Insertion Loss Return Loss

0809 1 1112131415161.71819 2 212223 48 49 50 51 5H52 53 54 55 5HB6 57 58 59 60

Isolation Polarization Dependent Loss
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