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TRANSFORM TOMORROW

MORE
BANDWIDTH

MORE
PHOTONICS

 Higher data rates * More optical |/O

e More lanes * More integration

* More channels

e > ™

* More performance

.

%,

MORE

PROCESS
INTEGRATION

 Heterogeneous
integration

 Advanced packaging
 System in a package

¥

MORE

TEST
COMPLEXITY

* Multi-domain test
* Tighter tolerances

* More parameters

HIGH-SPEED
ELECTRO-OPTICAL

MEASURE + ANALYZE - VERIFY
?

SCALABLE
TEST
ECOSYSTEM

PRECISION
AUTOMATION

ALIGN « CONTACT
MOVE - HANDLE

DATA
HANDLING

CAPTURE « ANALYZE
LEARN - FEEDBACK
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Al Is Scaling Faster Than Test

The Al revolution isn‘t only a compute problem. It's a manufacturing scale problem — and test is
rapidly becoming one of its biggest bottlenecks.

INTERCONNECT

N~ ,'/ - 7 4
/ g |
(’/‘ :/

N

. + hi
Greater lanes + higher baud rates The manufacturing challenge is no longer

 Greater number of optical channels + electrical I/0 simply whether a device can be measured:;
* Tighter tolerances + higher packaging complexity it is whether millions+ can be measured

. 3
* Higher device value > higher cost of test escapes economically
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Moore's Law |Is Becoming a Packaging Problem

The device is no longer a chip. It is a system. Test architecture must evolve accordingly.

GPU/SWITCH LASERS

Photonics must now meet semiconductor standards for volume, yield, quality, and reliability—while adding the optical,
precision alignment, automation, and data expertise required beyond traditional electrical test.

The next five years may require the photonics industry to build more high-volume manufacturing and test capacity than it
developed during the previous twenty-five.
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Photonics Breaks Traditional Semiconductor Test

1970s

Foundation

TEST ARCHITECTURE

ATE platforms,
DFT & test methods

[ >
SOFTWARE &
AUTOMATION

Test executive, program dev.,

automation & algorithms

Q

1990s 2000s 2010s
Scale Complexity Integration

CORE SEMICONDUCTOR TEST EXPERTISE DEVELOPED

_/\/\/_

HIGH-SPEED SEMICONDUCTOR MECHANICAL &
ELECTRICAL KNOWLEDGE HANDLING
High-speed digital, Device physics, Probing, wafer handling,
mixed-signal & RF process & parametric test thermal & reliability
/\/’ V —
Vv —
a0l -

DATA & QUALITY & ECOSYSTEM &
ANALYTICS RELIABILITY SUPPLY CHAIN
Data acquisition, SPC, Quality systems, burn-in, Test interfaces, standards

statistics & yield learning HALT & field analysis (SECS/GEM) & suppliers

OUTCOME: SEMICONDUCTOR TEST AT MASSIVE SCALE

2020s

Intelligence

LJ

ooao

MANUFACTURING
EXCELLENCE

DFM/ DFA, process control,
yield & quality systems

SCALE & COST
LEADERSHIP

High parallel test,
capacity & cost per test

Billion+ devices tested daily | High yield | Low cost per test | World-class quality
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Photonics Breaks Traditional Semiconductor Test

NEW PHOTONIC TEST CAPABILITIES REQUIRED

PHOTONIC DEVICE OPTICAL ARCHITECTURE OPTICAL ENGINEERING PRECISION ALIGNMENT MATERIALS &
ENGINEERING & SYSTEM DESIGN & MEASUREMENT & POSITIONING FABRICATION
Modulators, detectors, PIC architecture, Propagation, insertion loss, Sub-micron alignment, SiPh / llI-V / LN,
lasers, couplers, optical system design, ER/OSNR, dispersion, vibration control, heterogeneous integration,
PIC building blocks wavelength planning crosstalk, polarization 6-DOF control wafer-level features
.” &é lll .
FIBER & COUPLING PACKAGING & NEW TEST PHOTONIC DATA & STANDARDS &
TECHNOLOGY INTEGRATION METHODOLOGIES Al ANALYTICS QUALITY SYSTEMS
Fiber attach, array align, Optical packaging, Electro-optical test, Optical data models, Photonic PDKs,
mode control, hermetic sealing, wavelength sweep, ML/AI for yield, test standards,
low-loss coupling CPO / LPO integration coherent & bidirectional anomaly detection reliability models

OUTCOME: PHOTONIC TEST AT SEMICONDUCTOR SCALE 6

High-volume | High-yield | Low cost per device | Reliable | Scalable for the Al era




TRANSFORM TOMORROW

Integrated Disciplines to Enable Photonic Test at

Semiconductor Scale

OPTICS

DATA
ANALYTICS

% @

5-))))

HIGH-VOLUME

SOFTWARE
AUTOMATION

STANDARDS
DEVELOPMENT

PRECISION
HANDLING
THERMAL

T
J

PHOTONIC TEST
SOLUTIONS

SEMICONDUCTOR LEVEL
PRODUCTION TEST EXECUTION

No single traditional test
discipline solves the photonic
production problem.

Scalability demands top-level
expertise in each one of these
categories for success.
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Test Must Follow the Device Through Manufacturing

7 S\ = N 7@ N\ N A B /4 B\

\

WAFER SINGULATED DIE ASSEMBLY \ OPTICAL ENGINE MODULE SYSTEM

Insertion 1 Insertion 2 Insertion 3 Insertion 4
EIC Probe ‘ Dual-Side Wafer ‘ Die | Eooio o Tast ‘ Module Test &
PIC Top Side Optical Probe Electro-Optical Probing 9 Final Qualification (pre System)
\_ J \_ J \_ J \_

INCREASING DEVICE VALUE - INCREASING COST OF FAILURE
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Find Failures Early (COUPE example)
O 2 o o o o o O O O O

Start: Insertion 1 Singulate EIC Lens Layer Insertion 2 Singulate Lens Array Insertion 3 Known Good Die Assemble Insertion 4
Two Wafers Wafer Test Thin PIC Wafer Added Dual-Side COUPE ICs Attach Die / Engine Passed to into Module Module Test &
& Place EICs (Top Side) Wafer Test (Optical Engine Test Assembly Final
Assembly) Qualification
EIC Wafer
EIC Wafer EIC Wafer
Singulated EIC Di
PIC Wafer '"9;“ § g

PIC Wafer (Thinned)

1x — 10x — 100x — 1,000x COST OF FAILURE

Every test insertion is an economic firewall — preventing a low-value defect from becoming a high-value failure.



TRANSFORM TOMORROW

Mechanical

o—
Simultaneous
optical and
electrical access

| | ¢ |12

Operational Correlation
Efficiency o
L
; ; System to
High uptimes Sthem GRR

and stability

%)

Thermal

o
High stability and
uniformity

INSERTION 2

Challenges

TOP
Electrical Probes / Probe Card

Deformities and
system profiling

WAFER
\\‘ e
Repeatability Crachds Thermal Chuck
Bt ' [ nm.n an 10
eme angle Alignment and B OTTOM

reliability collision avoidance

INSERTION 2 Fiber Array Unit (FAU) Interface
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INSERTION 2
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Singulation Creates a New Test Problems

Mechanical

. 4
Tiny device
handling &
orientation

High UPH
Required

Optical

Maximize throughput
for high volume
production

Alignment of
FAU / OHA

INSERTION 3

Challenges

: : TOP
><>< Optical Head Assembly (OHA) / Fiber Array Unit (FAU)
Clea.mng Eleci‘:rlcal Thermal Chuck
Contact & Repeatable « p
contamination * sss high speed .
contact Chlp

Thermal

@
Control over
tiny surfaces

BOTTOM
High Speed Socket Interface 12

INSERTION 3
High Speed Probe Card
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ide Chip Test DLT-D2

Double-S

ficonrec
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INSERTION 3
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SLT vs ATE vs Characterization for Insertion 3

 SLT/Loopback | 224GHSIOIATE ProductionTest | Full Characterization
_ 100% functional production screen Targeted 224G production measurements Deep engineering measurement

DUT optical loopback / mission-mode External 224G BERT/O’scope + automation Bench-class PPG/BERT + O’scopes
Link, BER, lock, functional faults, power Selected Tx/Rx parametrics Full Tx/Rx performance & margins
Highest Medium Lowest

Lowest ($) Medium—High ($$) Highest ($$$)

HVM screening Targeted production coverage Qual / margin / debug / correlation

THE CHALLENGE: Enable SLT with Near Bench-Class Performance at the Right Cost

2. REDUCE SIZE 3. INCREASE PARALLELISM 4. COST PER CHANNEL SLT-READY SOLUTION
ALIGNED WITH SLT NEEDS

1. NEAR BENCH-CLASS

PERFORMANCE
(olke =L ATHCHZ] e
SO E ol S i /
(olle} + + 7 ¥ § el s + ——
0-0 TR T s
J
Bench-Class Performance
BER ¢« ER « OMA - Jitter Smaller « Lower Power High Channel Count Lower Cost per Channel High Parallelism
Extinction « Eye Better Thermal Parallel BERT + Scope Economies of Density
Cost per Channel for SLT
3 J \. J . ¥, . y \. /

14

INSERTION 3 @ THE GOAL: Deliver bench-class insight and quality of test in a production-scale, cost-effective platform.
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TRANSFORM TOMORROW

Module Test Moves From Characterization to Production

Mechanical
._

Large area substrate
load / unload / bin

+
o -++

Cleaning Precision
o Alignment
Ensuring contamination <

Sub-micron accuracy
across large area

elimination
pre / post

INSERTION 4

Challenges

L

Fiber Handling

o
Hundreds of fiber
cables to manage

Fiber Coupling
&

Mate to multiple
connectors
at once

______

hhhhh
-
-
______

-
-

T
-

Thermal
e
Multi-site
thermal zones

Laser Sources
&

Dozens to hundreds
of laser sources

INSERTION 4

. Standalone instruments: Individual optical
and electrical test equipment

. Engineering Supervised: Manual setup,
execution and troubleshooting

. Connections: Lasers, loopback hardware all
connected by hand

15

<O/’ RESULT: Time-consuming, labor-intensive, and difficult to scale for high-volume production.
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Main Thermal Zone — Capability of >2-3kW
Heat Removal

Multi Thermal Zones for Lower
Power Devices

High Compression Force
For all BGA connection to load board

Multi-Head Fiber Interface (Proprietary)
w/ High Density Fiber Interconnect

16
INSERTION 4
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Summary

END-TO-END MAXIMUM THROUGHPUT HIGH CHANNEL DENSITY BUILT FOR
SCALABLE PLATFORM AND YIELD AND INTEGRATION PRODUCTION

) Wafer — Chip/Die — Module () High UPH at every stage () Hundreds of optical and Production automation
seamless continuity electrical channels end-to-end

o 6 ' @ Advanced alignment, . .
/) One architecture across handling; and sorting (V) Parallel test with 224G+ Consistent, repeatable,

the entire flow electrical and optical and reliable results

Active control and thermal
management for stability @
and uniformity

Q ®

(V) Future-ready and adaptable ©
for next-gen speeds

Integrated instrumentation, @ Lower cost of test and
optics, motion, and automation higher first-pass yield

17
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Thank you
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