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Abstract 

Integrated photonics has emerged as a transformative platform for a broad spectrum of 
applications, including cloud-scale optical accelerators, AI-driven interconnects, and IoT-
edge sensing networks. Its ability to integrate laser sources, waveguides, modulators, 
and detectors on a single chip offers orders of magnitude improvements in bandwidth, 
latency, and energy efficiency over conventional electronic systems. Recent 
breakthroughs in large-scale photonic accelerators, silicon-compatible quantum-dot 
laser integration, and photonic circuits for Fog-Cloud networks exemplify its rapid 
progression toward practical deployment. This article reviews these advancements, 
evaluating challenges in fabrication and packaging, and outlines near-term prospects for 
commercialization. 
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Introduction 

Integrated photonic circuits (PICs) leverage the 

manipulation of light on a chip to perform communication, 

computation, and sensing tasks with exceptional speed 

and efficiency. Unlike traditional electronic circuits, PICs 

exploit the physics of photons—offering high bandwidth, 

low latency, and wavelength-division parallelism—with 

applications spanning data centers, AI systems, and 

distributed sensor networks [1,2]. 

Emerging fields such as neuromorphic computing, 

quantum photonics, and edge computing increasingly rely 

on integrated photonics to overcome scaling and energy 

constraints inherent to CMOS electronics 

Discussion 

A recent study reported a state-of-the-art integrated 

photonic accelerator composed of over 16 000 photonic 

components, achieving matrix multiply–accumulate (MAC) 

operations at 1 GHz clock rates and a latency as low as 3 ns 

per cycle. This architecture integrates logic, memory, and 

control in a co-packaged electronics-photonics system, 

enabled via a 2.5D hybrid packaging approach [1]. 

Another key advancement involves the integration of 

quantum-dot lasers directly onto silicon chips using a 

combination of growth techniques and polymer gap filling. 

This method achieves stable single-mode lasing in the O-

band, with thermal resilience up to 105 °C and an 

estimated life span of over six years at 35 °C, paving the 

way for high-volume photonic circuit manufacturing [2,3]. 

Integrated photonics is also redefining distributed 

computing paradigms such as Fog and Cloud. Photonic 

integrated circuits support ultra-high bandwidth, energy-

efficient optical interconnects, low-loss wavelength-

division multiplexing, and compact 

modulation/detection—all enabling enhanced 

connectivity between IoT devices, Fog nodes, and 

centralized Cloud infrastructure [4].  

Future Direction  

The future of integrated photonics lies in the convergence 

of photonic, electronic, and quantum technologies on a 

unified platform. Key priorities include scalable 

heterogeneous integration of active and passive 

components, low-cost wafer-level packaging, and energy-

efficient designs for AI and edge computing. Advances in 

quantum photonics will enable secure communications 
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and high-precision sensing, while biophotonic PICs will 

revolutionize healthcare diagnostics. Development of 

CMOS-compatible fabrication methods and automated 

photonic design tools will accelerate commercialization. 

Furthermore, integrating photonics with emerging 6G 

networks and space-based systems will extend its impact 

from terrestrial data centers to global, low-latency 

communication infrastructures 
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