Photonic Computing: Shattering Moore’s Law
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Abstract—This paper explores the transformative potential of
photonic computing in artificial intelligence. By harnessing light
for data processing, photonic computing offers unparalleled speed
and energy efficiency, which could revolutionize AI capabilities
and drive future technological advances.
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puter architecture, technology innovation.

I. INTRODUCTION

The quest for faster computer hardware has become the
most important problem of the 21st Century. The rise of
increasingly massive artificial intelligence (AI) models has
created a need for this hardware to rapidly advance in speed
and efficiency. This quest for computing power has historically
been guided by Moore’s Law, which predicts the doubling
of transistors on a chip approximately every two years. [1]
However, as we begin to place more and more transistors
on a chip, and make chips smaller, we are approaching a
fundamental limit of silicon based hardware. New methods
are desperately needed before chip manufacturing processes
get so small that we begin to run into the quantum limit.
[2] This is where Photonic computing comes in, which lever-
ages the properties of photons over electrons, and offers a
revolutionary departure from traditional computing. Photonic
computing promises significant gains in speed and efficiency,
and bypasses the quantum limit, by avoiding it all together.

II. BASICS OF PHOTONIC COMPUTING

Photonic computing utilizes light, or photons, for processing
and transmitting information, which allows operations to be
performed at the speed of light. Unlike electrons, photons
are not charged, and thus do not produce heat. This leads
to much higher energy and thermal efficiency compared to
traditional computing. [3] This section will explore what
makes photonic computing possible, the underlying principles,
and the advantages over electronic systems.

A. Fundamental Components

The core components of photonic computing include light
sources such as lasers, modulators for encoding data onto
light, optical fibers for transmitting light, and photodetectors
to decode the information carried by light. Integrated photonic
circuits, which are similar to electronic circuits, but use light
paths instead of electronic pathways, play a crucial role in
managing light within these systems.
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Fig. 1. Schematic of an integrated photonic computing system, showing the
main components including lasers, modulators, and optical waveguides.

As illustrated in Figure 1, an integrated photonic computing
system may consist of an array of optical elements that
manipulate and guide light to perform computational tasks.
These systems can achieve high levels of integration, similar to
electronic integrated circuits, but with the distinct advantages
offered by photonics technology [4].

B. Light as a Computational Medium

Photons have unique properties that make them ideal for
computation. The ability to travel at speed of light enables
much more efficient data transmission rates. This surpasses
traditional electronic components very easily. Photons also do
not interact with each-other as electrons do, which reduces
interference, and allows for parallel data streams without
cross-talk. These advantages are already widely used in mod-
ern fiber-optic network systems, which bring speed of light
internet data to homes across the world. This allows for
much higher bandwidth than traditional electron based cable
systems.

C. Advantages Over Electronic Systems

The lack of electrical resistance in optical components not
only reduces energy consumption but vastly reduces latency in
data processing. This increase in speed allows for substantially
more efficient computing compared to traditional electronic
computing. The absence of heat generation by photons makes
photonic computers operate at lower temperatures, reducing
or eliminating the need for extensive cooling infrastructure.

III. ADVANTAGES OVER TRADITIONAL COMPUTING

Photonic computing offers many advantages over traditional
computing, most notably in terms of speed and energy ef-



ficiency. These benefits are critical as they offer solutions to
extreme computational demand from modern machine learning
models that silicon can not keep up with.

A. Speed

The speed of light is the ultimate speed limit of the universe.
It is theoretically not possible to get faster than this, and it is
much faster than the speed of electrons. Photonic computing
would seek to harness this speed, and remove the limitation
brought by traditional electronic computing, that forces mod-
ern chip manufacturers to go smaller and smaller to reduce
latencies. Photonic computers would be so fast there would
not be any need for nano scale chips, except for smaller form
factors. This would avoid quantum interference at the level we
are rapidly approaching in traditional electronic computing.

B. Energy Efficiency

Energy efficiency is increasing in importance as modern
data-centers grow larger to accommodate the demand of Al
training. Modern GPUs are efficient but thousands are needed
to train these models. Photonic computing provides financial
and climate incentives for its adoption. In data centers, where
energy costs are a significant part of the operating budget, the
use of photonic computing could lead to a substantial decrease
in energy expenditure. [5]

IV. APPLICATIONS IN ARTIFICIAL INTELLIGENCE

The field of Al is one that stands to gain the most from
advances in photonic computing. The speed of light can not
be beat, and facilitates ultra-fast processing capabilities. This
could revolutionize the Al industry, and the world.

A. Training Complex Neural Networks

The training of neural networks is an increasingly complex
task. As the demand for Al skyrockets, so does the demand
for computer hardware that can process billions, if not trillions
of parameters. Electronically based computers are not able to
keep up with the demand, and neither is Moore’s Law. Neural
networks can take months to train, even using the largest
and most powerful super computers in the world. Photonic
computing offers the solution. The potential for rapid parallel
execution not only shortens the time needed to train models,
but enables the training of more complex neural networks,
which could lead to breakthroughs in machine learning tech-
niques. [5]

B. Potential Applications and Future Possibilities

Beyond the previously mentioned areas, the potential ap-
plications of photonic Al are vast. They include, but are
not limited to, finanical forecasting through real-time market
analysis, advanced climate modeling by processing enormous
datasets, and enhancing cybersecurity with more advanced
cryptography. The full extent of photonic computing on the
field of Al is still unfolding, and continued advancements in
the field may open up possibilities that are currently unimagin-
able. The integration of photonic computing within AI does not
come without its challenges. However, as researchers continue

to address these hurdles, the promise of a new era of Al
applications looms on the horizon. A horizon that is rapidly
approaching thanks to the light-speed advancements offered
by photonic computing. [5]

V. CHALLENGES

Rapid advancement in photonic computing points to a
transformative shift for numerous industries. However, this
shift is accompanied by significant challenges that must be
addressed to realize the full potential of this technology.

The path forward for photonic computing is not without
its obstacles. There is a high initial investment for research,
development, and integration of photonic technology into
existing systems. Moreover, the workforce lacks the expertise
required for large scale adoption of photonics, and this would
require more investment. There is also an integration challenge
within the compatibility of existing electronic devices. There
is an urgent need for photonic-based memory and storage
solutions, which are currently in early stages of development.
(3]

We are still far away from replacing traditional computing
with photonics. There is not enough interest in photonic
technology to promote investment. This interest will rapidly
grow when the quantum limit to Moore’s Law is closer. [2]

VI. CONCLUSION

Throughout this paper, we have explored the substantial
potential and need of photonic computing in the era of artificial
intelligence. With its inherent advantages thanks to the speed
of light, photonic computing is positioned to significantly
enhance the computational power of the world, and offer
solutions where traditional computing systems fall short.

We are on the brink of what could be the next revolution in
computing, and it is crucial to acknowledge the challenges
that accompany the transition to photonics-based systems.
The integration of photonic computing will require major
efforts in research, development, and education to overcome
technological and economical barriers.

Photonic computing is a testament to human ingenuity and
the relentless pursuit of performance. Moore’s law was meant
to be broken, at lightspeed.
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