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Article Overview

Upgraded silicon photonics technology demonstrates high reliability and long operational lifetimes, with
modern photonic integrated circuits (PICs) showing minimal performance degradation under thermal, optical,
and radiation stress.

Evolution and Integration Impact on Lifetime

Silicon photonics has progressed from small-scale integration (SSI) with 1-10 components per PIC to
very-large-scale integration (VLSI) exceeding 10,000 components, enabling more complex and robust systems
. Modern co-packaged silicon photonics and electronics benefit from CMOS-compatible fabrication, which
ensures uniformity, low-loss waveguides, and high-quality modulators and photodetectors . This integration
reduces interconnect losses and thermal stress, directly contributing to longer device lifetimes.

Reliability and Environmental Robustness

Recent studies indicate that PICs exhibit strong radiation hardness, making them suitable for space and
high-radiation environments. For example, 1550 nm InP PICs and silicon waveguides with p-i-n bulk
germanium photodiodes showed minimal changes in optical power and voltage characteristics after exposure
to 3 Mrad(Si), with no significant wavelength shifts . Heavy ion testing confirmed that integrated silicon
photonics devices maintain performance under high linear energy transfer (LET) conditions, demonstrating
resilience against single-event effects . These results suggest that upgraded silicon photonics can sustain
long-term operation in both terrestrial and space applications.

Thermal and Optical Stability

Silicon photonics devices leverage high refractive index silicon waveguides and near-infrared transparency,
which provide strong light confinement and low optical loss . Advanced heterogeneous integration with [11-V
semiconductors and germanium photodetectors further enhances thermal stability and reduces degradation
over time . Modern packaging techniques, including 3D integration and co-packaging with electronics,
improve heat dissipation and reduce mechanical stress, extending operational lifetimes,

Lifetime Metrics and Comparison
o Commercial PICs: Expected operational lifetimes exceed 10-15 years under standard datacenter conditions,
with low failure rates due to mature CMOS fabrication and robust packaging .

0 Space-grade PICs. Radiation-hardened devices maintain performance after multi-Mrad exposure, suitable
for LEO and small satellite missions.
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o Performance retention: High-speed modulators and photodetectors retain bandwidth and optical efficiency
over extended periods, with minimal drift in wavelength or insertion loss.

Conclusion

Upgraded silicon photonics technology offers long-term reliability and robust performance, with lifetimes
comparable to or exceeding traditional electronic components. Advances in integration, packaging, and
material engineering have significantly reduced degradation risks from thermal, optical, and radiation stress,
making modern PICs suitable for demanding applications in datacom, telecom, high-performance computing,
and space systems . These improvements ensure that silicon photonics can sustain high-speed, high-bandwidth
operation over decades, supporting the growing demands of next-generation computing and communication
infrastructures.

What will the next generation of silicon photonics look like? What are the common threads in the integration
and

We chart the generational trends in silicon photo-nics technology, drawing parallels from the generational
definitions of CMOS

Integrated optics, a key photonics technology, has major implications for telecommunications, sensing, and
computing.

Silicon photonics vs. InP vs. thin-film LiNbO3: a 2026 PIC technology landscape covering data center
demand,

Silicon photonics research and commercialization has intensified as both photonic component performance
and

Let"s compare the strengths & weaknesses of photonic platforms, Silicon Nitride, Indium

Researchers have developed a new superior hardware platform for Al accelerators using photonic integrated
circuits on

After dominating the electronics industry for decades, silicon is on the verge of becoming the material of
choice for the photonics

The upgraded metallurgical technology was then ready for commercialization by the end of the last decade,
and
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Fortunately, the convergence of progress in silicon photonics and electronics means that co-packaged silicon
photonics

Silicon photonics (SiP) is a disruptive photonic platform offering unprecedented possibilities via advantagesin
photonic

Leveraging on the mature processing infrastructure of silicon microelectronics, silicon photonic integrated
circuits may

What will it take to increase the proliferation of silicon photonics from millions to billions of units shipped?
What will

Economic viability Over the past 5 years silicon photonics transceivers have become mainstream datacom
commodities deployed in

We will provide a comprehensive review of the development of silicon photonics and the foundry services
which enable the

The ongoing trend towards elevated levels of integration favours the widespread embrace of silicon (Si)
photonics,
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