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10° Growth in a Decade
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Interconnect Progress Is Too Slow
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https://docs.google.com/file/d/1ph-F5rGpxQpz2Mi9j4NLiYdD3pwgD05q/preview

Challenge: Package Area and Shoreline

SerDes

Communication
happens on the

chip perimeter
There is not enough shoreline
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A new paradigm is needed
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Photonics Evolution:

GEN 4 3D Photonic Interposer ->Passage ™

Moving Closer to the Chip

GEN 1Pluggables

~ 18 Inches

GEN 2 2D CPO

M-Series
L-Series

GEN 3 2D Chiplet




Passage ™ : 3D Photonic Interposer 8

Photonic Integrated Circuit

Digital + Analog + Photonics

Optical fiber
. ribbon
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Optical Photonic
transmitters and waveguide
receivers

Passage Cross Section

(note: digital/analog can be integrated in top die; FAB choice dependent)

Customer ASIC

SerD SerD SerD SerD
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Serdes anywhere on
ASIC surface area for
bandwidth escape

I/O and digital balanced
SerDes macros placed 4
rows deep with

photonic egress/ingress

Passage value (3D integration)
and density

optical waveguides stitched across reticle

Passage scalability from single to

multi-reticle

Built on 3D packaging technology and a Chip-on-Wafer assembly flow



Cross Section

3D CPO Requires Compact Optical Modulators and Receivers

Standard Package Example

Fiber array unit &
Pluggable connector

EIC

we 528 10 chip 5] 5

XPU/Switch Chip uCle Optical fiber ribbon

A K K XK XK XK X

Package Substrate

1 1 \

Power & Signals S b )

Through silicon vias Optical transmitters Photonic waveguide
and receivers

Standard processes today

Bump pitch: ~120 pm
Bump size: ~80 pm
Area for a transmitter/receiver: 0.015 mm?



Passage L-Series Passage M-Series
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Available 2026 Available Now

3D CPO Photonic Interposer



Passage™ L-series 3D CPO

Single reticle
I/O EIC with UCle & SerDes
>1.5 Tbps/mm bandwidth density

Detachable FAU




20 pluggables in the area of a quarter.
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1.6 Tbps pluggables L-Series
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Passage™ M Series: Multi-Reticle PIC

Lid
GPUs and Switches — ,

Bi-directional, pluggable, /,"/

high-density fiber array ——__
° ! ! /.r" ___— Passage™
- (reconfigurable optical

interposer with integrated
controller)

Substrate



- Passage™ M Series

Photonic interposer reference platform

Specifications

34 Chips with 1,024 SerDes  Bandwidth (Tx + Rx) Up to 114 Tbps

# of SerDes 1024

Silicon die Complex 4,000 mm?
Power delivery >1.4 W/mm? density
Fibers 256
Redundancy Optical circuit switching
Substrate Form 91x85mm

Factor

256 Optical fibers

Passage M lives__
underneath die co

Enables 114 Tbps total bandwidth.



Post mold optical SAT image post Post mold grind

M1000 How it's built. _ . ey

ASIC|ASIC —~— e, ——
....... . i ASIC
ASIC|ASIC — ;
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PIC | PIC CoW reflow: PIC Wafer level underfil
Wafer Test TSV Reveal -~ RDL and bumping ----  wafer (TSV) to ASIC --- BUEIPSTE Cliieenill Wafer dicing - »
PIC | PIC —— mold and grind :
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Final electro-optical Fiber attach with Package e-test Post substrate
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¢ A complete reference platform
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Chip-on-Wafer
Assembly




Power delivery and .’ 80,@ 7

thermal load 7 Lk

LIQ TEWP 24.5C
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369mm? thermal test chip, power density 1.47W/mm?Z.
Passage TSVs support >2.5A/mm?.



Bandw|dth density SerDes eye diagrams - ,,.PM4 Isnabled

leadership

Passage M1000
Platform
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3D Interposer scale-up and out to IM nodes

The M1000 revolution

. Passage M-Series
: 3D photonic interposer :
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400 Tbps Switch

200 Tbps XPU



' SPAT Costs and the Need for continued Innovation

Silicon, Package, Assembly, Test

SiPho

Test Silicon

o 40.0%

Assembly . Package
¥ 10.0%

Note: Graph shown for demonstration purposes only

For SiPho Relative Packaging,
Assembly and Test (PAT) cost %
is increasing

PAT cost challenges in SiPho:

1. In assembly: fiber attach
yields

2. In test: test times are much
higher

DFM/DFT-driven product
architecture is must for high
volume SiPho manufacturing and
cost reduction



Fiber Attach Methods

Traditional FAU

Vgroove
Longt: = Y

A4

Lens based edge attach

Wafer Level Optical coupler

Si
‘llll‘

PIC

Optical

\Coupler
|

V-Groove based Fiber Attach Methods

Lens based: Detachable fiber attach

LM Focus: Detachable fiber attach

Package level assembly (interface on die edge)

Wafer level assembly and test compatible

Compatible with 3D Package Arch

Compatible with 3D Package Arch

XPU to OE D2D: Standard & Adv. Package

XPU to OE D2D: Standard & Adv. Package

Active alignment

Passive or Active alignment

Test with FAU after package assembly

Test with FAU at wafer level

FAB: GF & TSMC

FAB: GF & TSMC

Serviceability: Yes

Serviceability: Yes

Scalability to HVM ($$)

HVM scalable solution ($)

LM driving strong ecosystem partnership to bring detachable FAUs to HVM scale
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Optimized end-to-end and production-ready

Customer ASIC

with UCle IP Multiple fabs

Passage EIC

JIGHTMATTER N t ———
Passage PIC Qm!.(a%';

Pluggable fiber Strategic
coupler partner

Laser module
16A, 100 mW/fiber
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