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COLUMBIA

* PhD from Columbia University, research topic: CARMEEOIIEE

photon upconversion & photon avalanching Forbes

« 2 Nature publications, 5 patents pending.
Former founder; Forbes 30 under 30

» \Worked in the US & Germany (semiconductor
& photonics industries)

Collaborator in Taiwan: Vincent Ho, 30+ years in
the semiconductor industry

Nonlinear opticsin single
nanocrystals powers
sub-wavelengthimaging



Data center power demand, TWh

Motivation: Data centers demand high power
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« \With Silicon Photonics:
* higher data throughput
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Source: Masanet et al. (2020), Cisco, IEA, Goldman Sachs Global Investment Research



Co-Packaged Optics (CPO)
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vidia GTC2025 Keynote

Spectrum-X
Integrated Silicon Photonics
2™ Half 2025

NVIDIA Photonics

CPO Co-Invention With Ecosystem Partners

1% 1 8T Silicon Photonics CPO Chip -
New Micro Ring Modulators (MRM)

1% 3D-Stacked Silicon Photonics Engine
with TSMC Process

High-Power, High-Efficiency Lasers
Detachable Fiber Connectors

100's of Patents, Licensed to Partners

Quantum-X
Integrated Silicon Photonics
2™ Half 2026

ZLUMENYUM  SENKO

24 half 2026




Nvidia CPO-Based Switch

Silicon Phog@hic Engine

200 Gb/s Migro-Ring Modulator
1.6 Tb/s Throughput
3.5X Power Savings
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TSMC COUP

(COUPE: compact universal photonic engine)

« TSMC-SolC face-to-face (F2F) technology for EIC and PIC bonding.

« critical components of COUPE are the TSMC-SolC"" bond, TDV,
embedded micro-lens, and metal reflector
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CO U P E + COWOS (COWQOS: chip on wafer on substrate)

Side-view schematic
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COUPE Specs

« High-Performance Silicon Photonics Platform
* 12-inch 65nm silicon photonics platform

« 10um alignment tolerance, 0.3dB loss vertical coupling

» 76GHz micro-ring modulator Concerns .

« 4.5nA dark current 110GHz GePD
* 1.5nm center resonance wavelength drift (wafer-level control)

« Optoelectronic Integrated Chiplet & CPO

« <1dB/m single-mode SiN waveguide transmission loss
* 0.1dB broadband edge coupler 1 ) COSt
« 2D fiber array with micro-lenses :
* 97% precision in optical beam deflectors 2 " QISK
« Parallel Digital Optical Computing Chips 3 SO|e Supplier

» 4-layer SIN platform

« 512x512 optical computing array, 35dB insertion loss
 8-bit accuracy computing
* 0.08 pd/MAC energy efficiency



Taiwan semiconductor market

« 2024 Taiwan’s semiconductor output value = 165 $Bn,
equivalent to 25% of the global value

« 2025 Taiwan’s output is projected to 191 $Bn,
28.1% of global share

2021 2022 2023 2024 2025
Global 556 604 526.9 655 701
Taiwan 127.1 150 135.2 165.6 197
share 22.9% 24.8% 25.7% 25.3% 28.1%




Semiconductor Process
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Fabrication stacking

Wafer fab
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(OSAT: OutSourcing Assembly and Testing)

Process from SiPh to CPO
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Taiwan OSAT market share trend

Taiwan: IC packaging+testing share of total IC industry (2015-2024)
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A packaging war?

e 3DIC war lost

« OSATs invested aggressively in 3D packaging and related technologies
but the return was slow

 Taiwan OSATs are leveraging their strengths and pivoting towards
the new CPO architectures before COUPE scales

« Competitive threat
» Customer pull



Gaps and needs for Taiwan‘s CPO development

« CPO electrical-optical co-design integration
» High-yield optical coupling & assembly
» Supply chain fragmentation

« Talent and design ecosystem

« Laser integration & heterogeneous bonding
« Testing and yield challenges

Silicon

Photonic Wafer test,

Laser chip ) dicing & —)

Wafer Integration |
Fabrication clean

Align optical
probe head to
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300mm wafer

Optical Electrical / , ,
Fiber Thermal Final Testing
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Assembly Packaging Calibration
: Thermal E+P testing
1. Alignment + Simulation automation

attach solution

2. 2D FAU
design and
assembly




Current status in Taiwan

« Silicon photonics chip test vield: 10%—-70%
* Fiber-to-silicon chip coupling loss: > +2.5 dB
* Multicore (22-40) fiber module

* Packaging process complexity
 Active vs. passive alignment
* Epoxy or solder fixation: Adhesive-induced misalignment

e Limited yield improvement capability (due to lack of optical
expertise and proper debugging tools)

* Diverse solutions from vendors, OEMs, and customers prevent
OSAT engineering resources from being focused



Nvidia CPO supply chain
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Nvidia CPO supplier locations
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Advantages of developing business in Taiwan

 Talwan possesses a comprehensive and fully developed semiconductor
manufacturing ecosystem.

 Taiwan has strong momentum and sufficient capacity to drive the
development of the CPO industry.

Silicon
Photonic
Wafer
Fabrication

Wafer fab Assembly house

 Taiwan lacks sufficient knowledge and talent in photonics-related
technologies, and must leverage external expertise and new technologies
to accelerate CPO development and surpass global competitors in this field.
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emma.xu@Columbia.edu




