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I.
II. Introduction

Brief overview of the history of computing and the 
emergence of  Photonic Computing:

The history of computing can be traced back to 
ancient civilisations such as the Babylonians, who 
used a system of clay tablets to perform  calculations. 
In the 19th century, the invention of mechanical 
calculators and the development of punched card 
technology set the stage for the modern era of 
computing.
The 20th century saw the development of electronic 
computers, which used vacuum tubes, transistors, 
and later integrated circuits to perform 
computations. The advent of the personal computer 
in the 1980s and the subsequent rise of the internet 
and mobile computing have revolutionized the way 
we live and work.

In recent years, there has been growing interest in the 
use of photonics for computing. Photonic computing 
relies on the use of light to perform computations, 
rather than the electrons used in traditional 
electronic computers. This has the potential to 
increase computing speeds while reducing energy 
consumption and heat generation.

The emergence of photonic computing can be traced 
back to the development of the laser in the 1960s, 
which enabled the precise control and manipulation 
of light. In the 1980s, researchers began exploring 

the use of optical fibers for communication, leading 
to the development of fiber optic networks. In the 
1990s, researchers began exploring the use of 
photonic devices for computing, leading to the 
development of photonic integrated circuits.

Today, photonic computing is still in the early 
stages of development, but researchers are exploring 
a wide range of applications, from high- speed data 
communication to quantum computing. With 
continued research and development, it has the 
potential to transform the way we compute and 
communicate.

The history of computing spans several centuries, 
with the emergence of various technologies and 
advancements. Here's a brief overview:

• Mechanical Computing: In the 17th 
century, mechanical devices like the Pascaline and 
the Difference Engine were developed, enabling 
basic calculations and arithmetic operations.
• Vacuum Tube Computers: The mid-20th 
century saw the advent of electronic computers that 
used vacuum tubes as their main components. 
Examples include the ENIAC and the UNIVAC, 
which were large and cumbersome machines.
• Transistors and Integrated Circuits: In 
the late 1940s, transistors were invented, replacing 
vacuum tubes and making computers smaller, more 
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reliable, and more efficient. This led to the 
development of integrated circuits, which further 
increased computational power.
• Personal Computers and 
Microprocessors: The 1970s witnessed the rise of 
personal computers with the introduction of the 
Altair 8800 and the Apple II. The invention of the 
microprocessor by Intel in 1971 revolutionized 
computing by integrating the central processing unit 
(CPU) onto a single chip.

I.II Evolution of Computing: Over the years, 
computers became smaller, more powerful, and 
more accessible to the general public. 
Advancements in software development, 
networking, and the internet further transformed the 
way we use computers in our daily lives.

As for photonic computing, it is an emerging field 
that explores the use of light or photons instead of 
traditional electronic components to perform 
computational tasks. Photonic computing has the 
potential to overcome limitations faced by traditional 
electronic computing systems, such as heat 
dissipation and speed limitations etc. Photons can 
carry and process information in parallel, offering 
high-speed data transfer and processing capabilities.

Researchers are investigating various techniques to 
develop photonic computing systems, such as 
optical interconnects, optical logic gates, and optical 
memory. While photonic computing is still in the 
experimental stage, it holds promise for applications 
in fields such as data processing, communication 
networks, and quantum computing.

• Brief overview on Photonic computing:

The idea of photonic computing has been around 
since the 1960s, but it wasn't until the development of 
semiconductor-based optical components in the 
1980s that the technology became practical. Since 
then, there has been significant research and 
development in the field, with photonic computing 
systems being developed for a variety of 
applications including data center interconnects, 
telecommunications, and scientific computing. 
However, the technology is still in its early stages 
and there are many challenges that need to be 
addressed before photonic computing becomes a 
mainstream technology.

Photonic computing is a type of computing 
technology that uses light, or photons, instead of 
electricity to process and transmit information. In 

traditional electronic computing, data is represented 
and manipulated by electrical signals that flow 
through circuits and transistors. In photonic 
computing, the data is represented and manipulated 
by light waves that are guided and controlled by 
optical components such as waveguides and 
modulators.
Photonic computing has several potential advantages 
over electronic computing, including faster 
processing speeds, lower power consumption, and 
higher bandwidth. This is because photons can 
travel faster and consume less energy than electrons, 
and they can carry more information per second due 
to their higher frequency.

• Thesis statement I: Photonic computing 
has significant advantages over classic electron 
computing.

• Photonic computing vs. Classic electron 
computing

Comparison of the basic principles of photonic 
computing and classic electron computing:

Photonic computing and classical electronic 
computing operate on fundamentally different 
principles. In classical electronic computing, 
information is stored and manipulated using 
electrical charges to represent binary values of 0 and 
1. This is done using transistors, which are switches 
that control the flow of electrons.

On the other hand, in photonic computing, 
information is represented and processed using 
photons, which are particles of light. Photons have 
several advantages over electrons. For one, they are 
faster than electrons and can transmit information at 
the speed of light. They are also less susceptible to 
interference from other electromagnetic signals, 
which can lead to errors in electronic computing.
Another advantage of photonic computing is that 
photons can carry more information than electrons. 
While an electron can carry only one bit of 
information (either a 0 or a 1), a photon can carry 
multiple bits of information by encoding different 
states of polarization, phase, or frequency.

In terms of processing, photonic computing has the 
potential to perform certain operations much faster 
than electronic computing. For example, quantum 
computing with photons can perform certain types of 
calculations exponentially faster than classical 
computers.
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Overall, photonic computing offers several 
advantages over classical electronic computing, 
including faster speeds, greater information density, 
and better resistance to interference.

However, there are still challenges to be overcome 
in terms of integrating photonic devices with 
existing electronic computing systems and 
developing practical photonic computing 
technologies.

• Single - Event Upset

In electronic computing, a single-event upset (SEU) 
is a change of state in an electronic circuit caused by 
a high-energy particle striking the circuit. This can 
be caused by a variety of sources of high-energy 
particles, such as cosmic rays or particles generated 
by natural radioactive decay. When an energetic 
particle strikes an electronic circuit, it can deposit 
enough energy to cause a change in the state of the 
circuit, which can result in an error or a malfunction.
The most common type of single-event upset is a 
single-bit upset, which occurs when a single bit of 
information in a memory or register is flipped from 0 
to 1 or from 1 to 0. Single-bit upsets are usually 
transient and the circuit will return to its original state 
after a short period of time. However, in some cases, 
a single-bit upset can cause a permanent damage to 
the circuit.
Single-event upsets can cause serious problems in 
electronic systems, particularly in safety-critical 
applications like aviation or medical devices. 
Therefore, designers of electronic systems 
implement various techniques to mitigate the effects 
of single-event upsets, such as using error-correcting 
codes, redundancy, or shielding.

• Cosmic Rays:

Cosmic rays are composed of high-energy particles, 
mainly protons and atomic nuclei, that originate from 
outside our solar system and travel through space at 
close to the speed of light. When these particles 
enter the Earth's atmosphere, they collide with atoms 
and molecules, producing a cascade of secondary 
particles that can penetrate the Earth's surface.
At sea level, the cosmic ray flux is typically around 
10,000 to 20,000 particles per square meter per 
second. However, this can vary depending on the 
location, with higher fluxes at higher altitudes, 
such as in airplanes or on high mountains.

• SEUs  due to Cosmic Rays:

Cosmic rays are a significant source of single event 
upsets (SEUs) in electronic systems. Cosmic rays 
are high-energy particles, mainly protons and atomic 
nuclei, that originate from outside our solar system 
and travel through space at close to the speed of 
light. When cosmic

rays interact with the atmosphere, they produce 
secondary particles that can penetrate the Earth's 
surface and impact electronic devices. When a high-
energy particle, such as a cosmic ray, collides with a 
sensitive area of an electronic circuit, it can deposit 
a large amount of energy, causing ionization of the 
semiconductor material or changing the electrical 
charge state of the circuit. This can result in a 
single event upset, which can cause errors or 
malfunctions in the circuit.
The probability of a single event upset occurring 
depends on various factors, such as the energy and 
type of the particle, the angle of incidence, and the 
sensitivity of the circuit. In general, the probability 
of a single event upset increases with increasing 
altitude, since the atmosphere provides some 
shielding from cosmic rays.
To mitigate the effects of single event upsets caused 
by cosmic rays,    designers of electronic systems often 
use radiation-hardened components, such as 
radiation-hardened memories, processors, and field-
programmable gate arrays (FPGAs). These 
components are designed to withstand the effects of 
radiation and are often used in space applications 
and other high-reliability systems.

• Other major reasons for SEUs:

• Alpha particles: Alpha particles are 
emitted by radioactive materials and can also cause 
SEUs in electronic devices. Alpha particles are 
particularly problematic because they can be 
easily absorbed by small amounts of material, 
making them difficult to shield against.
• Neutrons: Neutrons can also cause SEUs 
in electronic devices, particularly in high-energy 
environments such as nuclear power plants.
• Protons: High-energy protons can also 
cause SEUs in electronic devices, particularly in 
space environments.
• Electromagnetic interference (EMI): EMI 
from sources such as lightning strikes, power 
surges, or radio frequency interference can also 
cause SEUs in electronic devices.
• Manufacturing defects: Manufacturing 
defects such as impurities in the materials or flaws 
in the manufacturing process can also cause SEUs.



International Journal of Engineering, Management and Humanities (IJEMH)
Volume 5, Issue 2, Mar.-Apr., 2024 pp: 15-26                               ISSN: 2584-2145             
www.ijemh.com                
                                     

                                                             www.ijemh.com                                       Page 4

• Voltage or temperature fluctuations: 
Fluctuations in voltage or temperature can also cause 
SEUs, particularly in sensitive electronic 
components such as memory and microprocessors.

• Effects of SEUs:

• Data corruption: SEUs can cause data 
corruption, where a single bit or multiple bits of data 
are flipped, resulting in incorrect or invalid 
information.
• System crashes: In more severe cases, 
SEUs can cause system crashes, where the system 
stops functioning or enters into an error state.
• Malfunctions: SEUs can also cause 
malfunctions in electronic devices, resulting in 
unexpected or unintended behavior. This can be 
particularly dangerous in safety-critical systems such 
as medical  devices, aviation, or nuclear power plants.
• Security vulnerabilities: SEUs can also 
cause security vulnerabilities in electronic systems, 
as an attacker may be able to exploit a bit flip 
caused by an SEU to gain unauthorized access or 
manipulate the system.
• Reduced reliability: SEUs can also 
reduce the reliability of electronic systems, as 
repeated SEUs can cause cumulative damage to the 
system, leading to increased failure rates and  reduced 
lifetime.
Thesis Statement II: Most of the SEU’s go 
undetected in electronic computing.

Not all SEUs are detected, and the percentage of 
undetected SEUs can vary depending on the system 
and the detection mechanisms in place. In general, 
some studies have suggested that the majority of 
SEUs may go undetected, particularly in systems 
without built-in error- detection mechanisms.
For example, in a study conducted by NASA in 
2000, researchers found that up to 30% of SEUs in 
memory chips may go undetected without error-
correction codes. Similarly, in a study conducted by 
the Los Alamos National Laboratory in 2004, 
researchers found that the majority of SEUs in 
microprocessors may go undetected without error- 
correction mechanisms.
However, with the increasing importance of 
reliable and safe electronic systems, many modern 
systems are designed with built-in error- detection 
and correction mechanisms, such as error-correcting 
codes, redundancy, and fault-tolerant design. These 
mechanisms can help to detect and correct many 
SEUs, reducing the risk of system failures and data 
corruption.

Overall, the effectiveness of SEU detection and 
correction mechanisms   depends on the system design 
and the criticality of the system.

In safety-critical systems such as aviation, nuclear 
power plants, and medical devices, strict regulations 
and testing procedures are often in place to ensure the 
reliability and safety of electronic systems.

• Some real life examples of SEUs and 
their effects in real-life systems (Detected):

• Aviation industry: In 2002, a Boeing 737 
crashed in Indonesia, killing all 102 people on 
board. Investigators later found that the crash was 
caused by an SEU in the aircraft's air data inertial 
reference unit (ADIRU), which provided incorrect 
speed and altitude information to the autopilot 
system, causing the plane to enter into a steep dive.
• Space industry: SEUs can also be a 
significant problem in space environments, where 
electronic systems are exposed to high- energy 
particles and radiation. In 1998, the Mars Climate 
Orbiter spacecraft was lost due to an SEU in the 
software that controlled the spacecraft's thrusters, 
causing it to enter into an incorrect trajectory and 
burn up in the Martian atmosphere.
• Nuclear power plants: SEUs can also pose 
a significant safety risk in nuclear power plants, 
where electronic systems are critical for monitoring 
and controlling the plant's operations. In 2012, a 
nuclear power plant in France experienced an SEU 
in a safety system that caused the system to shut 
down unexpectedly, triggering an emergency 
response.
• Medical devices: SEUs can also pose a 
significant risk in medical devices, particularly those 
used in critical care situations such as pacemakers, 
defibrillators, and infusion pumps. In 2009, a 
software error caused by an SEU in a radiation 
therapy machine in the United States resulted in the 
death of a patient.

These examples illustrate the potentially severe 
consequences of SEUs in critical systems. To 
mitigate the effects of SEUs, designers of electronic 
systems use various techniques such as error-
correcting codes, redundancy, shielding, and 
radiation-hardened components.
These techniques can help to reduce the likelihood 
and severity of  SEUs and improve the reliability and 
safety of electronic systems.
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• Explanation of the advantages of 
photonic computing over classic electron 
computing:

• Speed: Photons can travel at the speed of 
light, which is significantly faster than the speed at 
which electrons move through wires in electronic 
circuits. This allows for faster data transfer and 
processing, leading to improved computational 
speeds in photonic computing systems.

• Bandwidth: Photons can carry a higher 
amount of data per second compared to electrical 
signals. This higher bandwidth enables photonic 
systems to handle larger amounts of data and 
perform parallel processing, resulting in increased 
computational capacity.

• Energy Efficiency: Photons have lower 
energy loss during transmission compared to 
electrons, reducing power consumption in photonic 
computing systems. This can lead to more energy- 
efficient computing and lower cooling requirements.

• Signal Integrity: Light signals are less 
susceptible to interference and noise compared to 
electrical signals. Photonic systems can maintain 
signal integrity over longer distances, making them 
suitable for applications that require long-range 
data transmission.

• Scalability: Photonic systems have the 
potential for higher scalability due to the ability to 
multiplex and manipulate multiple wavelengths of 
light simultaneously. This enables efficient 
utilization of resources and can support the 
increasing demands of data- intensive applications.

• Compatibility with Fiber Optics: 
Photonic computing is well- suited for integration 
with existing fiber optic communication networks. 
The use of light-based technologies allows for 
seamless integration with optical fibers, enabling 
high-speed and long- distance data communication.

• Parallelism: Photonic computing is 
inherently parallel, meaning that it can process 
many computations simultaneously. This makes it 
well-suited for tasks that require large amounts of 
computation.

• SEUs Redundant: Photonic computers are 
Single Event Upset (SEU) redundant because 
photons are less susceptible to radiation- induced 
errors compared to electrons in classical computing. 

Photons are less affected by ionizing radiation, which 
means that they are less likely to cause upsets in 
photonic circuits. Additionally, photonic circuits can 
be made from materials that are less susceptible to 
radiation-induced errors, such as silicon-on-insulator 
(SOI) technology.

Moreover, photonic circuits can use redundancy 
techniques such as error-correcting codes to detect 
and correct errors. These techniques allow for the 
detection and correction of errors without having to 
shut down the system or disrupt its operations.

IV. I Photonic Processors

A photonic processor is a type of computer 
processor that uses light (photons) instead of 
electrons to carry out computations. Unlike 
traditional electronic processors, which use electric 
currents to manipulate and store data, photonic 
processors use optical signals to perform arithmetic 
and logical operations.

Photonic processors have several 
advantages over traditional electronic processors. 
First, photons can travel much faster than electrons, 
which means that photonic processors can perform 
computations at higher speeds than electronic 
processors. Second, photons are not subject to the 
same electrical interference and noise as electrons, 
which can improve the reliability and accuracy of 
computations. Third, photonic processors consume 
less power than electronic processors, which can be 
important for applications such as data centers and 
mobile devices.

The basic components of a photonic 
processor include photonic waveguides, modulators, 
detectors, and logic gates. Photonic waveguides are 
used to guide and direct the flow of light through the 
processor, while modulators and detectors are used 
to manipulate the intensity of the light and convert it 
into electrical signals for processing. Logic gates are 
used to perform arithmetic and logical operations on 
the data.

Currently, photonic processors are still in 
the research and development stage, and there are 
several challenges to overcome before they can be 
used in commercial applications. One challenge is 
developing efficient and scalable photonic 
components that can be integrated into existing 
electronic systems. Another challenge is developing 
software and algorithms that are optimized for 
photonic processors and can take advantage of their 
unique capabilities.



International Journal of Engineering, Management and Humanities (IJEMH)
Volume 5, Issue 2, Mar.-Apr., 2024 pp: 15-26                               ISSN: 2584-2145             
www.ijemh.com                
                                     

                                                             www.ijemh.com                                       Page 6

Despite these challenges, photonic processors have 
the potential to revolutionize computing and enable 
new applications in areas such as artificial 
intelligence, data processing, and 
telecommunications.

IV.II Color Coding Technique:

Color coding in photonic processors is a 
technique that is used to enable multiple optical 
signals to be transmitted and processed 
simultaneously without interfering with each other. 
This technique is based on the use of different 
colors (wavelengths) of light to represent  different 
signals.

In a photonic processor, data is typically 
encoded onto light pulses using amplitude 
modulation, phase modulation, or frequency 
modulation. However, when multiple signals are 
transmitted simultaneously, the different light 
pulses can interfere with each other, causing errors 
and reducing the accuracy of the computation.

Color coding can be used to overcome this 
problem by assigning a different color (wavelength) 
to each signal. This allows multiple signals to be 
transmitted and processed simultaneously without 
interfering with each other, as each color represents a 
separate signal. The use of different colors can also 
increase the bandwidth of the system, as multiple 
signals can be transmitted on the same optical fiber 
or waveguide.

Color coding is achieved using 
wavelength-division multiplexing (WDM) 
techniques, which separate the different colors of 
light using optical filters or gratings. In a WDM 
system, the different colors of light are combined 
onto a single optical fiber or waveguide, and then 
separated again at the receiving end using another 
set of optical filters or gratings. Color coding is an 
important technique for photonic processors, as it 
allows multiple signals to be processed 
simultaneously without interfering with each other, 
enabling high-speed and efficient computation.

IV.III Technical challenges in the development of 
photonic computing

In the development of photonic computing, there are 
several technical challenges that need to be 
addressed. Some of the key challenges include:

• Light source development: Designing 
and implementing efficient, compact, and stable light 
sources for photonic computing is a significant 
challenge. It requires the development of lasers or 
other coherent light sources that can be easily 
integrated into photonic circuits.
• Component integration: Integrating 
various photonic components, such as waveguides, 
modulators, detectors, and switches, into a cohesive 
and scalable system is a complex task. Ensuring 
compatibility and efficient coupling between 
different components is crucial for the reliable 
operation of photonic computing devices.
• On-chip integration: Achieving on-chip 
integration of photonic components with electronic 
components is a significant challenge. Ensuring 
efficient communication and data transfer between 
photonic and electronic circuits, and minimizing 
power consumption in the interface between the two 
domains, are areas of active research.
• Losses and noise: Managing and 
minimizing optical losses and noise is critical for the 
performance and reliability of photonic computing 
systems. Losses can occur due to imperfections in 
the optical components, coupling losses, or 
scattering. Noise sources, such as spontaneous 
emission and nonlinear effects, can degrade the 
quality of the optical signals.
• Scalability and manufacturability: 
Developing scalable manufacturing processes for 
photonic components and systems is essential for the 
widespread adoption of photonic computing. 
Ensuring cost-effectiveness, reproducibility, and 
reliability in large- scale production are important 
considerations.
• Error correction and fault tolerance: 
Addressing errors and fault tolerance in photonic 
computing is crucial. Photonic systems must 
incorporate error correction techniques to detect 
and correct errors that may occur due to various 
sources, such as fabrication imperfections, thermal 
effects, or optical losses.
• Compatibility with existing technology: 
Integrating photonic computing with existing 
electronic computing infrastructure and standards is 
a challenge. Ensuring seamless integration, 
compatibility, and interoperability with 
conventional electronic systems and networks is an 
ongoing area of research and development.

Addressing these technical challenges requires 
interdisciplinary research in materials science, 
photonics, integrated circuit design, signal 
processing, and system integration. Ongoing 
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advancements in these areas are paving the way for 
the realization of practical and efficient photonic 
computing systems.

IV.IV Limitations in current photonic 
computing systems:

While photonic computing holds great promise, there 
are still some limitations in current photonic 
computing systems. Some of the key limitations 
include:
• Complexity and cost: Building photonic 
computing systems can be complex and costly. The 
fabrication and integration of photonic components 
and circuits require specialized manufacturing 
processes, which can be more expensive compared 
to traditional electronic components.
• Component integration: Integrating 
different photonic components onto a single chip 
and achieving efficient and reliable coupling 
between them is a significant challenge. The 
integration of multiple functionalities, such as light 
sources, modulators, detectors, and waveguides, 
needs further development to enhance performance 
and scalability.
• Sensitivity to manufacturing 
imperfections: Photonic devices are highly sensitive 
to fabrication imperfections, such as variations in 
device dimensions or material properties. These 
imperfections can lead to increased signal losses, 
reduced device performance, and decreased yield 
during manufacturing.
• Power consumption: Although photonic 
computing systems can be more energy-efficient 
compared to their electronic counterparts, they still 
require power for light generation, modulation, and 
detection. Efficient on-chip power management 
and optimization techniques are necessary to 
minimize power consumption in photonic systems.
• Limited functionality: Current photonic 
computing systems are primarily focused on 
specific tasks, such as data transmission and 
processing. The development of more versatile and 
programmable photonic devices and architectures that 
can support a wider range of computational tasks is an 
ongoing research area.
• Limited availability of photonic 
materials: The availability and suitability of 
materials for photonic devices can be a limitation. 
Developing new materials with desired optical 
properties, such as low losses, high refractive index 
contrast, and compatibility with existing 
manufacturing processes, is crucial for advancing 
photonic computing.

• Scalability and compatibility: Scaling up 
photonic computing systems and achieving 
compatibility with existing electronic infrastructure 
can be challenging. The integration of photonic 
and electronic components, as well as the 
development of compatible interfaces and protocols, 
need further exploration and standardization.

Despite these limitations, ongoing research and 
advancements in the field of photonic computing are 
continuously addressing these challenges. With 
further progress, photonic computing has the 
potential to overcome these limitations and enable 
transformative advancements in computational 
power, speed, and efficiency.

• V Comparison of the current state of 
photonic computing to that of classic electron 
computing:

The current state of photonic computing is still in its 
early stages of development compared to classic 
electronic computing, which has a well-established 
and mature infrastructure. Here are some key 
comparisons between the two:

• Technology maturity: Classic electronic 
computing has been extensively researched and 
developed for several decades, resulting in a mature 
technology with established design methodologies, 
manufacturing processes, and standardization. In 
contrast, photonic computing is still a relatively 
nascent field, with ongoing research and 
development efforts.
• Component availability: Electronic 
computing benefits from a wide range of 
commercially available components, such as 
transistors, integrated circuits, and memory devices. 
In contrast, the availability and maturity of photonic 
components, such as lasers, modulators, and 
photodetectors, are more limited. Photonic 
components often require specialized fabrication 
techniques and are not as readily accessible as their 
electronic counterparts.
• Computational capabilities: Classic 
electronic computing has proven to be highly 
versatile and capable of performing a wide range of 
computational tasks. It supports complex logic 
operations, digital signal processing, and algorithm 
execution. Photonic computing, while showing 
promise in certain areas like high-speed data 
transmission and parallel processing, is still limited in 
terms of its computational capabilities and the 
range of tasks it can perform.
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• Energy efficiency: Photonic computing 
has the potential for higher energy efficiency 
compared to electronic computing. Photons can 
transmit information with lower power consumption 
and reduced heat generation compared to electrons. 
However, the practical implementation and 
optimization of energy-efficient photonic 
computing systems are still areas of active research.

• Scalability and integration: Electronic 
computing has achieved significant scalability and 
integration capabilities, enabling the development 
of complex and powerful computing systems. 
Photonic computing, on the other hand, faces 
challenges in achieving high levels of scalability and 
seamless integration with existing electronic 
infrastructure. Integrating photonic and electronic 
components on a single chip or within a computing 
system is still a complex task.
• Cost: Classic electronic computing benefits 
from economies of
scale and cost-effective manufacturing processes 
due to its widespread adoption and established 
supply chains. Photonic computing, being a more 
specialized and emerging field, currently  faces 
higher costs associated with the fabrication and 
integration of photonic components. However, as the 
technology matures and scales, the cost may 
decrease over time.

• Applications of Photonic Computing:

Photonic computing holds promise for a wide range 
of applications across various domains. While the 
technology is still in its early stages, both current and 
potential applications include:

• High-speed data transmission: Photonic 
computing is well-suited for high-bandwidth 
applications, such as telecommunications and data 
centers, where the ability to transmit large volumes 
of data quickly is crucial. Optical communication 
systems based on photonic technologies enable 
faster and more efficient data transfer compared to 
traditional electronic communication.

• Parallel processing: Photonic computing 
can enable parallel processing capabilities, allowing 
for the simultaneous execution of multiple 
computational tasks. This can be advantageous for 
applications that require complex calculations, such 
as scientific simulations, optimization algorithms, 
and artificial intelligence.

• Quantum computing: Photonic 
computing is a promising platform for quantum 
computing. Photons can serve as qubits, the 
fundamental units of quantum information, and their 
inherent properties, such as superposition and 
entanglement, can be harnessed for quantum 
computations. Photonic quantum computers have the 
potential to solve certain problems much faster than 
classical computers.

• Machine learning and pattern 
recognition: The high-speed processing capabilities 
of photonic computing make it suitable for machine 
learning and pattern recognition applications. 
Photonic neural networks can be employed for tasks 
such as image recognition, natural language 
processing, and data analytics, offering the potential 
for faster and more efficient computation in these 
domains.

security of communication systems. Quantum key 
distribution (QKD), a method of secure 
communication based on the principles of quantum 
mechanics, can be implemented using photonic 
technologies. QKD enables the distribution of 
encryption keys with high levels of security, making 
it resistant to hacking and eavesdropping.

• Optical sensing and imaging: Photonic 
computing can be used for advanced optical sensing 
and imaging applications. By leveraging the unique 
properties of light, such as its ability to penetrate 
materials and interact with different substances, 
photonic sensors can enable highly sensitive and 
precise measurements in fields such as medical 
imaging, environmental monitoring, and industrial 
inspection.

• Neuromorphic computing: Photonic 
computing can also
contribute to the development of neuromorphic 
computing systems that mimic the architecture and 
functionality of the human brain.

Thesis Statement III: By leveraging the parallelism 
and efficiency of photonic systems, neuromorphic 
photonic computing has the potential to advance 
cognitive computing, robotics, and brain-inspired 
computing.

• Advantages of Photonic Computing in 
Telecommunications:

• High-speed data transmission: Photonic 
computing is well-suited for telecommunications 
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applications as it enables high-speed data 
transmission. Optical fibers, which utilize photonic 
technology, can carry large amounts of data over 
long distances at high speeds, supporting the 
increasing demand for fast and reliable 
communication networks.

• Bandwidth capacity: Photonic computing 
offers a higher bandwidth capacity compared to 
traditional electronic communication. This enables 
the transmission of larger volumes of data, supporting 
applications that require high bandwidth, such as 
video streaming, cloud computing, and data centers.

• Lower latency: Photonic communication 
systems have lower latency compared to electronic 
systems, allowing for faster data transfer and 
improved response times. This is crucial for real-time 
applications, such as online gaming, video 
conferencing, and financial trading.

• Secure communication: Photonic 
technologies can enhance the security of 
communication systems. Quantum key distribution 
(QKD) protocols, based on the principles of quantum 
mechanics, can provide secure communication 
channels immune to eavesdropping. Photonic 
components are used to generate and distribute 
encryption keys, ensuring high levels of security in 
telecommunications.

• Advantages of Photonic Computing in 
Machine Learning:

• Parallelism: Photonic computing can 
leverage the inherent parallelism of light to 
perform multiple computations simultaneously. This 
parallel processing capability can significantly 
accelerate machine learning algorithms, which often 
involve complex calculations on large datasets.
• High-speed data processing: Photonic 
computing enables high- speed data processing due 
to the speed of light. This is beneficial for machine 
learning tasks that require processing large amounts 
of data in real-time, such as real-time analytics, 
image recognition, and natural language processing.

• Efficient data transfer: Photonic 
computing can facilitate efficient data transfer 
between processing units. Light signals can be 
transmitted over long distances without significant 
loss, enabling fast and efficient communication 
between different parts of a machine learning 
system.

• Optical neural networks: Photonic 
computing can be utilized to implement optical 
neural networks, which mimic the parallelism and 
connectivity of the human brain. Optical neural 
networks offer the potential for efficient and highly 
parallelized computation, enabling faster and more 
efficient training and inference in machine learning 
tasks.

• Main disadvantages of photonic 
computers:

• Complexity: Photonic computers are 
complex and difficult to design and manufacture. 
They require specialized components and fabrication 
techniques that are not widely available.

• Limited compatibility: Photonic 
computers are not compatible with most existing 
software and hardware. This means that new 
software and hardware must be developed 
specifically for photonic computing, which can be 
time-consuming and expensive.
• Limited functionality: Photonic 
computers are currently limited in the types of 
computations they can perform. They are best suited 
for highly parallel processing tasks that involve 
large amounts of data, but are not well-suited for 
tasks that require sequential processing or decision-
making.

• Sensitivity to environmental factors: 
Photonic computers are sensitive to temperature, 
vibration, and electromagnetic interference. This 
can make them difficult to operate in harsh or 
unpredictable environments.
• Cost: Photonic computers are currently 
more expensive to manufacture than traditional 
electronic computers. This is due to the specialized 
components and fabrication techniques required.
• Limited scalability: While photonic 
computers have the potential for high scalability, 
they are currently limited by the availability of 
specialized components and fabrication techniques. 
This means that large-scale photonic computing 
systems are currently difficult and expensive to 
build.

• Photonic Quantum Computing:

Photonic quantum computing is a type of quantum 
computing that uses photons, or particles of light, as 
the qubits (quantum bits) to perform quantum 
computations. In photonic quantum computing, 
photons are manipulated and controlled using 
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various techniques to carry out quantum operations, 
such as superposition and entanglement. One of the 
advantages of photonic quantum computing is that 
photons can travel long distances without significant 
loss of quantum information, making it a promising 
candidate for quantum communication applications. 
Additionally, photonic quantum computing can 
potentially solve certain problems faster than 
classical computers, such as simulating complex 
quantum systems.

However, photonic quantum computing 
also faces challenges in terms of scalability and the 
difficulty of creating and maintaining entangled 
photon states. Nonetheless, researchers continue to 
explore the potential of photonic quantum 
computing for a variety of applications in fields 
such as cryptography, machine learning, and drug 
discovery.

• Photonic Quantum Computing in 
Quantum Simulation:

Quantum photonic computers can be used to model 
the behavior of light in complex optical systems 
through a technique called quantum simulation. 
Quantum simulation is a method of using quantum 
computers to simulate the behavior of complex 
quantum systems, such as the behavior of light in a 
complex optical system.

In order to simulate the behavior of light in an 
optical system using a quantum photonic computer, 
the system must first be mapped onto a quantum 
circuit. This involves encoding the parameters of the 
optical system, such as the refractive index of 
different materials and the geometry of the system, 
into the quantum states of the photonic qubits. Once 
the system has been mapped onto a quantum circuit, 
the circuit can be executed on the quantum photonic 
computer to simulate the behavior of light in the 
system.

One of the advantages of using a photonic quantum 
computer for optical simulation is that it is a natural 
platform for simulating the behavior of light, as the 
quantum states of the qubits can be directly related to 
the properties of photons. This allows researchers to 
simulate the behavior of light in complex optical 
systems with high accuracy and fidelity.

Some specific examples of optical systems that 
could be simulated using quantum photonic 
computers include:
• The behavior of light in complex photonic 
integrated circuits (PICs), which are used in many 
applications in telecommunications and data 
processing.
• The propagation of light in complex optical 
fibers, which are used for long-distance 
communication and sensing.
• The behavior of light in optical cavities, 
which are used in many applications in sensing, 
metrology, and quantum information processing.

• VI.II Application of Photonic Quantum 
Computing:

Photonic quantum computing holds great potential 
for various applications that can benefit from the 
unique properties of quantum systems. Some of the 
potential applications include:

• Cryptography: Photonic quantum 
computing can enhance the security of cryptographic 
systems. Quantum key distribution (QKD) protocols 
based on photonic qubits can provide secure 
communication channels that are resistant to 
eavesdropping and hacking. Photonic quantum 
computing can also contribute to the development of 
more robust encryption algorithms.

• Optimization and simulation: Quantum 
computing, including photonic quantum computing, 
has the potential to solve optimization problems 
more efficiently than classical computers. 
Applications in areas such as logistics, scheduling, 
and resource allocation can benefit from the 
optimization capabilities offered by photonic 
quantum computing. Additionally, photonic 
quantum computers can simulate complex quantum 
systems, enabling advancements in fields such as 
materials science and drug discovery.

• Machine learning and artificial 
intelligence: Photonic quantum
computing can accelerate machine learning 
algorithms and enable more efficient data processing. 
Quantum machine learning techniques can leverage 
the inherent parallelism and computational power 
of photonic qubits to improve pattern recognition, 
data analysis, and predictive modeling.

• Quantum chemistry: Quantum chemistry 
simulations, which involve modeling the behavior 
of molecules and materials at the quantum level, can 
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greatly benefit from photonic quantum computing. 
Photonic quantum computers can provide more 
accurate and efficient calculations of molecular 
properties, which can aid in the development of new 
drugs, materials, and catalysts.
• Quantum communication: Photonic 
quantum computing can contribute to the 
advancement of secure quantum communication 
systems. By leveraging entanglement and 
superposition of photonic qubits, photonic quantum 
computers can enable the generation, distribution, 
and manipulation of quantum states for secure 
communication channels.
• Financial modeling and optimization: 
The financial industry can
benefit from photonic quantum computing by 
leveraging its computational power for portfolio 
optimization, risk analysis, and option pricing. 
Photonic quantum computing can potentially 
provide more accurate and efficient methods for 
financial modeling and decision-making.

VI.III Advantages of Photonic Quantum 
computing:

Photonic quantum computing offers several 
advantages over other implementations of quantum 
computing:

• Scalability: Photonic qubits, which are 
based on photons, have the potential for high 
scalability. Photons can be easily manipulated and 
transmitted over long distances without significant 
loss of quantum information. This makes it feasible 
to build large-scale photonic quantum computing 
systems with a large number of qubits.
• Low error rates: Photonic qubits are 
relatively robust against decoherence and 
environmental noise. Photons are less susceptible to 
external disturbances compared to other physical 
qubits, such as those based on trapped ions or 
superconducting circuits. This can lead to lower error 
rates and more accurate computations in photonic 
quantum computing.
• High-speed operations: Photons travel at 
the speed of light, allowing for rapid quantum 
operations and computations. This can potentially 
enable faster processing and the ability to solve 
certain problems more quickly than classical 
computers.
• Quantum communication: Photonic 
quantum computing can be seamlessly integrated 
with quantum communication protocols.

Photons can be used for secure quantum key 
distribution (QKD), quantum teleportation, and 
other quantum communication tasks.
• Compatibility with existing fiber optic 
infrastructure: Photonic quantum computing can 
leverage the existing fiber optic infrastructure, 
which is widely deployed for high-speed data 
transmission. This compatibility allows for easier 
integration of photonic quantum computing into 
existing communication networks, facilitating the 
transfer of quantum information over long distances.
• Simplicity of qubit manipulation: 
Photonic qubits can be manipulated using well-
developed optical components, such as waveplates, 
beam splitters, and detectors. The simplicity and 
maturity of these optical components make the 
manipulation of photonic qubits more accessible and 
reliable compared to other physical qubits.
• Quantum error correction: Photonic 
quantum computing can potentially benefit from 
quantum error correction techniques. The inherent 
low error rates and compatibility with quantum 
communication make it feasible to implement error 
correction codes that can protect against errors and 
improve the overall reliability of computations.

• Conclusion

While photonic computing offers these advantages, 
it is important to note that the technology is still in 
its early stages of development, and there are 
challenges to overcome in terms of scalability, 
component integration, and cost-effectiveness.

Photonic computing can be seamlessly integrated 
with existing fiber optic networks and 
infrastructure, which are widely deployed for high- 
speed data transmission. This compatibility enables 
the incorporation of photonic computing technology 
into existing systems without requiring major 
infrastructure changes.
Also, it can leverage quantum properties, such as 
superposition and entanglement, for quantum 
computing applications. This opens up possibilities 
for solving complex problems more efficiently and 
securely using quantum algorithms.

Nonetheless, ongoing research and advancements in 
photonic computing hold promise for various 
applications in computing, communication, and other 
fields.

• Discussion of the potential impact of 
photonic computing on the future of computing:
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The potential impact of photonic computing on the 
future of computing is significant. Photonic 
computing has the potential to revolutionize 
computing by overcoming some of the limitations of 
classic electron computing, such as speed, power 
consumption, and data transfer rates.
With the ability to process information at speeds up to 
100 times faster than traditional computers, photonic 
computing could lead to breakthroughs in fields 
such as artificial intelligence, machine learning, 
and big data analytics. It could also significantly 
enhance the capabilities of telecommunications and 
data storage.

While there are still technical challenges to 
overcome in the development and 
commercialization of photonic computing, ongoing 
research and advancements are paving the way for its 
future impact. As the technology continues to mature, 
photonic computing has the potential to 
revolutionize various aspects of computing and 
drive innovation in numerous fields.

• Final thoughts:

It's important to note that while these applications & 
advantages show potential, photonic quantum 
computing is still in its early stages, and further 
research and development are required to fully 
realize its capabilities. Nonetheless, ongoing 
advancements in photonic quantum computing are 
expected to unlock new opportunities in these and 
other application domains. Future advancements and 
research in photonic computing are expected to 
address these gaps and further unlock its potential as 
a complementary or alternative computing 
paradigm.

While there are clear advantages to photonic 
computing, it's important to note that the technology 
is still under development and faces challenges in 
terms of component miniaturization, cost, and 
practical implementation. However, ongoing 
research and advancements in photonic technologies 
are driving the potential for future applications in 
areas such as high-performance computing, data 
centers, and quantum computing.

VI.III Recommendations and companies who 
made major leaps in the technology:

• Lightmatter - a Boston-based startup that 
has developed a chip that uses light to perform 
calculations faster than traditional computers.

• PsiQuantum - a California-based company 
that is working on developing a photonic quantum 
computer for solving complex computational 
problems.
• Intel - one of the largest chip 
manufacturers in the world, Intel is working on 
developing photonic technology for use in data 
centers.
• IBM - another major player in the 
computing industry, IBM is developing photonic 
technology for use in communication networks and 
data centers.
• Cognex - a company that specializes in 
machine vision systems, Cognex is using photonic 
technology to develop faster and more efficient 
image processing systems.
• Lightwave Logic - a company that 
specializes in developing photonic materials for use 
in computing and communication systems.

VII.IV Companies and research institutions that 
are actively working on the development of photonic 
quantum computers:

Some notable examples include,

• PsiQuantum: PsiQuantum is a company 
based in California that aims to build a practical, 
fault-tolerant photonic quantum computer. They are 
focused on developing large-scale quantum 
processors using photonic technology.
• Xanadu: Xanadu is a Canadian company 
that is developing photonic quantum computers 
based on continuous-variable quantum computing. 
They are working on developing scalable photonic 
processors and quantum algorithms for various 
applications.
• Rigetti Computing: Rigetti Computing is 
a quantum computing company that is exploring 
different technologies, including photonic 
processors. They are developing hybrid quantum-
classical systems that leverage both electronic and 
photonic components for quantum computing.
• IonQ: IonQ is a company that is primarily 
focused on trapped-ion quantum computing, but 
they are also investigating the use of photonic 
technologies for quantum computing. They are 
working on developing high-fidelity photonic qubits 
and integrated photonic circuits.
• HRL Laboratories: HRL Laboratories, 
based in California, is conducting research on 
photonic quantum computing. They are working on 
developing integrated photonic devices and 
exploring novel architectures for photonic quantum 
processors.
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• Google: While Google's quantum 
computing efforts have primarily focused on 
superconducting qubits, they have also shown 
interest in photonic technologies. They have 
conducted research on silicon photonics for quantum 
computing and are exploring the potential of 
integrating photonic components into their quantum 
processors.


