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Abstract

This review discusses recent progress in using machine learning enabled inverse design techniques applied to photonic devices and
components. Specifically, design of optical sources, including fiber and semiconductor lasers, as well as Raman and semiconductor
optical amplifiers, has been highlighted. Although inverse design approaches for optical detectors remain relatively underexplored,
this review examines optical layers, particularly metamaterial absorbers, as promising candidates for high-performance optical de-
tection. Additionally, advancements in inverse designing passive optical components, including beam splitters, gratings, and optical
fibers, are also underscored. These optical blocks are fundamental in developing next-generation standalone optical communication
systems and optical sensing networks, including integrated sensing and communication technologies. While categorizing various
reported deep learning architectures across five paradigms, this review offers a paradigm-based perspective that reveals how differ-
ent ML techniques function within modern inverse design methods and enable fast, data-driven solutions that significantly reduce

design time and computational demands compared to traditional optimization methods.
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1. Introduction

The rapid advancement in communication infrastructure de-
mands more complex integration of diverse systems, where var-
ious networks are interconnected to create scalable architec-
tures. As we move toward ultrafast speeds and low-latency
networks, the application paradigm is evolving, from Internet
of Things based communication devices to advanced sensing
applications [1]]. In this context, optical communication and
sensing technologies are essential for achieving the goals of
such modernized infrastructures [2]. These optical technologies
are expected to support both guided and unguided systems by
integrating advanced fiber-optic designs with optical wireless
networks, such as those operating in free space and underwater
environments. This will enable ultra high speed optical commu-
nications for emerging network paradigms, including seamless
connectivity across air, water, and space as part of the Internet
of Everything (IoE) [3]. In addition to communication, they
are increasingly used for optical sensing in integrated sensing
and communication (ISAC) systems. Furthermore, standalone
optical sensing solutions are also expected to play a significant
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role in the evolution of the IoE. As a result, developing optical
technologies for communication, dedicated sensing, and ISAC
systems will be crucial for meeting the increasing demands of
multidisciplinary applications in areas like environmental mon-
itoring, healthcare, industrial automation, intelligent transporta-
tion, and the marine environment.

Optical devices and photonic components form the founda-
tion of photonic technologies, as the performance and efficiency
of many photonic systems are primarily defined by their optical
elements [4]]. For example, in an optical communication sys-
tem, key performance metrics such as data throughput, band-
width (BW) scalability, signal-to-noise ratio (SNR), and bit er-
ror rate mainly rely on device and component optimization.
Similarly, a targeted optical sensing application may require
high sensitivity, a wide dynamic range, and precise spectral res-
olution. An ISAC system might need to optimize parameters for
both optical communication and sensing functions at the same
time. As optical systems grow more complex and larger, care-
ful design of their photonic components becomes essential to
meet strict application needs.

A wide variety of optical building blocks essentially deter-
mines the system’s functionality, which includes optical sources
(e.g., semiconductor lasers, fiber lasers, and light-emitting
diodes), passive components (e.g., power splitters, wavelength-
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