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Overview

With the rapid evolution toward 400G, 800G, and 1.6T optical modules, the cost
structure is continuously changing.

Key Takeaways

The cost of silicon photonics modules is driven by chip design, raw materials,
fabrication, packaging, and specialized assembly, with packaging and heterogeneous
integration often representing the largest cost components.Chip Design and R&D
Costs

Silicon photonics modules rely on Photonic Integrated Circuits (PICs), which integrate
lasers, modulators, photodetectors, and transimpedance amplifiers. Designing these
chips requires advanced CAD tools, optical and electrical simulations, and optimized
layouts. Digital Signal Processing (DSP) cores are also needed for high-speed data
handling, particularly in coherent modules operating at 100G to 400G speeds. Hiring
engineers skilled in photonics, lens technology, and signal processing adds significant
expense. R&D can account for 20-30% of total chip cost, especially for high-end 400G
and 800G transceivers .

Raw Material Costs
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Key materials include silicon-on-insulator (SOI) wafers, silicon nitride layers, and IlI-V
materials like indium phosphide for light generation. High-quality wafers are
expensive due to strict yield and purity requirements. Active optical components such
as lasers, modulators, and photodetectors are the largest contributors to material
costs, while passive components like lenses, mirrors, and waveguides are smaller but
critical for signal integrity. Overall, material costs typically represent 30-40% of total
chip cost .

Manufacturing and Fabrication Costs

Fabrication occurs in high-precision CMOS foundries using deep-ultraviolet (DUV) or
extreme-ultraviolet (EUV) lithography. Wafer fabrication involves photolithography,
etching, and deposition processes with nanometer-level accuracy. Commercial PIC
fabs can cost tens to hundreds of millions of dollars, with advanced facilities requiring
precision tools and processes that significantly increase capital expenditure .
Heterogeneous integration of IlI-V materials adds complexity and cost to the supply
chain.

Packaging and Assembly

Packaging is a critical bottleneck in silicon photonics modules. It involves precise
alignment of optical fibers to nanoscale features on the chip and often requires
specialized low-volume automation. Back-end assembly and testing can exceed front-
end fabrication costs, making packaging a major contributor to overall module cost .
Standardization on multi-project wafer platforms can reduce costs, but proprietary
integration schemes may offer performance advantages at higher expense.

Supply Chain and Strategic Considerations

The supply of high-purity SOI wafers, specialty gases, and other critical materials can
affect production costs. Geopolitical factors are influencing investments in resilient
fabrication and packaging facilities in North America, Europe, and Asia. The hybrid
manufacturing model blends semiconductor-standardized processes with photonics-
specific assembly, balancing economies of scale with specialized requirements .

Summary

The cost structure of silicon photonics modules is a combination of:
* R&D and chip design (20-30% of cost)

* Raw materials (30-40%, dominated by active optical components)

* Fabrication and manufacturing (high capital expenditure for advanced CMOS
foundries)

* Packaging and assembly (critical bottleneck, often the largest cost driver)
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* Supply chain and integration complexity (l1l-V integration, wafer supply, and
geopolitical factors) This structure highlights that while silicon photonics benefits
from CMOS-scale integration, packaging and heterogeneous integration remain the
most significant cost challenges in commercial deployment.
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The overall cost of an optical module chip depends on material choices, design
complexity, manufacturing processes,
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Continue your research online:
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This document is for preliminary research. Verify specifications against current
standards, product documentation and project requirements.
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