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Future Development Trends of
Optoelectronic Fusion Chips

Overview
Micromachines | Special Issue : Optoelectronic Fusion TechnologyIt will allow for the
multi-functional integration of communications, sensing, and computin.

Key Takeaways
Optoelectronic fusion chips are rapidly evolving, integrating optical and electronic
components to achieve ultra-high-speed, low-power, and AI-optimized computing,
with commercialization accelerating in data centers and next-generation
communication networks.Technological Integration and Innovation

Optoelectronic fusion chips combine microelectronics and optoelectronics, leveraging
the mature processing capabilities of electronic circuits with the ultra-wideband and
low-power advantages of optical components. This integration enables multi-
functional chips that support communications, sensing, and computing, and
facilitates the development of optoelectronic intelligent chips for AI and high-speed
data processing . Key technologies include silicon photonics, which embeds optical
components directly onto silicon wafers, and photonic integrated circuits (PICs),
which integrate lasers, modulators, detectors, and waveguides on a single chip .

Co-Packaged Optics and Data Center Applications
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A major trend is the adoption of Co-Packaged Optics (CPO), where optical and
electronic components are packaged together to reduce energy consumption and
increase data transmission efficiency. Leading companies like Broadcom, NVIDIA, and
TSMC are pioneering CPO solutions, targeting AI-driven data centers and next-
generation communication infrastructure such as NTT's IOWN network . This
approach addresses the growing energy demands of AI workloads while improving
bandwidth and latency.

High-Performance and Analog Optoelectronic Chips

Research teams, including those at Tsinghua University, are developing ultra-high-
performance analog optoelectronic chips that break traditional Moore's Law
limitations. These chips demonstrate computing power over 3,000 times higher than
current high-performance commercial chips in visual processing tasks, opening
pathways for integration with quantum computing and in-memory computing . Such
innovations indicate a shift toward analog and hybrid architectures that combine
optical and electronic processing for extreme computational efficiency.

Material and Platform Advancements

Future trends involve heterogeneous integration of materials such as silicon-on-
insulator (SOI), III–V semiconductors, silicon nitride (SiN), and lithium niobate-on-
insulator (LNOI). These platforms support high-performance photonic devices,
including microresonators and modulators, enabling optically dominated computing
and programmable optical processing . The combination of PICs with application-
specific integrated circuits (ASICs) further enhances data processing and control
capabilities.

Global Commercialization and Competitive Landscape

The commercialization of optoelectronic fusion chips is accelerating, with first-
generation silicon photonics products expected from TSMC in 2025 and second-
generation releases in 2026 . While the U.S. and Taiwan lead in development,
Japanese companies currently lag, highlighting a competitive gap in this emerging
field. Startups and tech giants like Intel, Samsung, and Infineon are investing in
optical-electric fusion technologies to capture opportunities in AI data centers and
high-speed communication networks .

Outlook
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Optoelectronic fusion chips are poised to redefine computing and communication
architectures, offering ultra-broadband, low-power, and AI-optimized solutions. Key
trends include analog-optical hybrid architectures, heterogeneous material
integration, co-packaged optics, and silicon photonics commercialization, which
collectively drive the transition from electrically dominated to optically enhanced
computing systems. These developments are expected to significantly impact data
centers, AI infrastructure, satellite communications, and next-generation optical
networks .

Article Content

A new generation of “optoelectronic fusion” semiconductors may be ...

①Nippon Telecom operator NTT is reported to be jointly developing a semiconductor
using “optoelectronic fusion”

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

By synthesizing and summarizing recent research advances, this paper aims to
provide researchers in related fields

Lighting the way forward: The bright future of photonic integrated ...

With potential applications in 5G, data centres, quantum communication, and AI,
integrated optics is crucial for future

Optical neural networks: progress and challenges

In addition, this work also has a reference for the research of optoelectronic fusion
ONNs, such as how to solve the

Center''s research on fusion integration of silicon-based optoelectronic ...

The research team has co-designed a high-density optical transmitter chip based on
optoelectronic fusion, and successfully

Lighting the way forward: The bright future of photonic integrated ...

These findings marked a significant step forward in the development of scaled chip-
integrated photonic quantum

A Deep Dive into Optoelectronic Fusion and Optical Devices: This

Summary: Optoelectronic Fusion is a "Silent Revolution" Structural Points
Optoelectronic fusion is inevitable due to

65 TOPS optoelectronic multi-core computing unlocking multi-feature ...
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Here, we propose a high-throughput optical processing unit (OPU) that
simultaneously exploits coherent interference,

Center Achieves Major Scientific Breakthrough with Ultrabroadband ...

The study introduces a universal optoelectronic wireless transceiver engine and
demonstrates an ultrabroadband integrated

Silicon-based optoelectronic heterogeneous integration for optical ...

This paper reviews recent progress of silicon-based optoelectronic heterogeneous
integration in high performance optical
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