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Making high-speed silicon photonics
chips and modules

Overview
Silicon photonics for high-speed communications and photonic signal. We describe
how silicon photonic circuits can be used to perform unitary matrix oper.

Key Takeaways
High-speed silicon photonics chips and modules are fabricated using CMOS-
compatible processes on silicon-on-insulator (SOI) wafers, integrating waveguides,
modulators, and photodetectors to achieve low-latency, high-bandwidth optical
interconnects.Fabrication of Silicon Photonics Chips

Silicon photonics chips are primarily built on SOI wafers, where a thin silicon layer
atop a buried oxide layer forms the core of optical waveguides, while silicon oxide
acts as the cladding . Some platforms also use silicon nitride waveguides for
enhanced performance and flexibility. These chips are manufactured in 200mm or
300mm CMOS foundries, leveraging the precision and reproducibility of
semiconductor fabrication to achieve nanometer-level accuracy . The process
includes lithography, etching, and deposition to define passive optical components
like waveguides, couplers, and splitters, as well as active devices such as modulators
and photodetectors .

High-Speed Module Integration
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High-speed modules integrate multiple photonic components into a single package.
Modulators convert electronic signals into optical signals, while photodetectors
convert them back at the receiving end . Co-packaged optics (CPO) and 3D photonic
interposers allow dense integration of multiple channels, enabling aggregate
bandwidths exceeding 100 Tbps in advanced AI data center applications . Using
continuous-wave (CW) lasers reduces cost and simplifies integration compared to
discrete electro-absorption-modulated lasers, while maintaining high-speed
modulation capabilities .

Packaging and Optical Interconnects

Efficient fiber-to-chip coupling and chip-scale optical interconnects are critical for
minimizing loss and latency . Advanced packaging techniques include 2D, 2.5D, and
3D stacking, which allow integration of photonics with electronic drivers,
transimpedance amplifiers, and digital signal processors on the same module . This
integration reduces power consumption, improves thermal efficiency, and supports
high-speed data transfer for AI and cloud computing workloads .

Applications and Performance

Silicon photonics modules are widely used in data centers, AI/ML systems, and high-
speed optical networks, offering advantages such as low latency, high bandwidth,
and energy efficiency . By integrating hundreds of components on a single chip,
these modules can scale from 1.6T to 6.4T and beyond, supporting multi-terabit per
second links with minimal power per bit . The technology also enables future co-
packaged optics and chiplet-based architectures, which are essential for scaling AI
infrastructure and high-performance computing systems .

Key Considerations
• CMOS Compatibility: Enables cost-effective mass production using existing
semiconductor fabs .

• Waveguide Design: Silicon and silicon nitride layers allow tight optical confinement
and low-loss propagation .

• Laser Integration: CW lasers simplify module design and reduce cost while
supporting high-speed modulation .

• Thermal Management: High-density integration requires careful thermal design to
maintain performance .

• Scalability: 3D interposers and co-packaged optics allow multi-channel, high-
bandwidth scaling for AI and data center applications . By combining advanced
fabrication, precise integration, and innovative packaging, high-speed silicon
photonics chips and modules provide a scalable, energy-efficient solution for next-
generation optical interconnects and AI-driven computing systems.
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Silicon Photonics: The Future of High-Speed Optical Integration

Discover how silicon photonics enables high-speed, energy-efficient optical
communication by integrating photonics

Inside the Silicon Photonics Transceiver

Instead of expensive, hand assembly of optical components, the silicon photonics
optical engine is mounted directly

Silicon Photonics Chip I/O for Ultra High-Bandwidth and Energy ...

osstalk penalties, unlocking the design space for ultra-broadband Kerr comb–driven
DWDM links. In this study, we present our latest

Photonic Integrated Circuits: Research Advances and Challenges in ...

Silicon photonics, serving as a cornerstone technology in modern information
technology, demonstrates significant

Holistic Co-Design of Electronics and Photonics for High-Speed

It consists of a silicon photonic PIC and a CMOS EIC flip-chip-bonded together using
gold micro-pillars. The PIC consists of a

What is Silicon Photonics? : Hitachi High-Tech Corporation

VLC Photonics (hereafter called “VLC”), in Valencia, Spain, supports the development
of photonic integrated circuits

TSMC''s Silicon Photonics Architecture: Why Couplers and Optical

Driven by the demands of AI and high-performance computing (HPC), data center
interconnects are reaching the limits

The perspective of all-silicon photonics and systems

While integrating diverse materials with silicon has enhanced the functionality of
photonic integrated circuits, these

Silicon photonics for high-speed communications and photonic

The advanced waveguide GC can enable dual polariza-tion, multiwavelength and
multimode light coupling with high efciency fi

Silicon photonics
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Silicon photonics is the study and application of photonic systems which use silicon
as an optical medium. The silicon is

Taking silicon photonics modulators to a higher performance level ...

Silicon photonics (SiPh), a photonic integrated circuit technology that leverages the
fabrication sophistication of complementary metal
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Continue your research online:
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