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Abstract—In the modern era, high-speed signal communication
and computation increase optical reliability. Therefore, optics
is a powerful candidate for implementation in different logic
gates, combinational circuits, devices, optical computers, etc.
The design of all-optical frequency encoded dibit-based half
adder is devised in this communication. Some papers focus on
the advantage of the precision of dibit logic by carrying out
logic operations on dibit representation technique. This devised
dibit-based design operates with a high speed as well as it
reduces the bit error problem by increasing the high signal-
to-noise ratio. Frequency encoding is the most reliable encoding
technique because of its unaltered nature in reflection, refraction,
absorption when propagates in long-range. In this devised design
reflected semiconductor optical amplifier is used to fulfill the
purpose of optical switches. The operation of the devised design
is verified through simulation using MATLAB Simulink (R2018a)
software.

Index Terms—Optical Communication, Dibit-based logic sys-
tem, Frequency encoding, Reflective semiconductor optical am-
plifier, adder.

I. INTRODUCTION

In this modern world, the photon is a very good choice
for information transmission. Photon has super fast speed but
no rest mass comparison to the electron. So photon is very
preferable to the researcher rather than the electron. For long-
range transmission of the data signal, an encoding technique
is must be used. Among all the encoding techniques [1]–
[6], the frequency encoding technique is preferable due to its
unaltered characteristics in reflection, refraction, absorption,
etc. In optical information processing, the optical comparator,
adder, subtractor are essential for decision-making circuits,
arithmetic, and logic units. It is also needed for optical data
processors. Here two different frequencies ν1 and ν2 represent
the two different digital logic states ‘0’ and ‘1’ respectively.
In recent years, significant research works have been carried
out for adder. Some of these are discussed below.

MeGeehan et al. [7] proposed a method for simultaneous
half subtraction and addition which was based on semicon-
ductor optical amplifiers (SOA) and also used the periodi-
cally poled lithium niobate (PPLN) waveguide for frequency
encoding. Zhu et al. [8] proposed a method for all-optical

half adder in which SOA-based four-wave-mixing (FWM)
property are used. Remacle et al. [9] have introduced an
all-optical full addition and subtraction by the use of three
states logic. Chen [10] has introduced a novel way to design
an all-optical half adder. A simultaneous optical computation
device like half adder and half subtractor with the help of a
single slot waveguide has been reported by Gui et al. [11].
Dong et al. [12] introduced a theoretical analysis as well
as optimization for all-optical adder which is based on the
SOA and optical filter. Phongsanam et al. [13] proposed a
method for all-optical half adder and subtractor with the help
of dark-bright soliton conversion control. Rakshit et al. [14]
have introduced an all-optical adder and subtractor which is
based on the micro-ring-resonator (MRR). Scaffardi et al. [15]
proposed a method for all-optical full adders which is based on
the SOA because it has the property of cross gain modulation
and cross-polarization rotation. Terahertz optical asymmetric
demultiplexer-based all-optical half adder and half subtractor
has been introduced by Gayen et al. [16]. Singh et al. [17]
introduced an all-optical half adder and half subtractor is
designed by SOA-based logic gates. Logic implementation
on the fiber-based is bulky and easily not integrable. PPLN
waveguide introduces a frequency encoding technique that is
temperature and polarization-sensitive.

In this paper, all-optical frequency encoded dibit-based half
adder using reflective semiconductor optical amplifier (RSOA)
and add/drop multiplexer (ADM) is proposed. Our contribu-
tions are a) The frequency encoded dibit-based logic design
for SUM and CARRY of half adder b) Simulative verification
of the proposed design. This devised design performs compu-
tation like addition at ultra-fast speed. By applying dibit-based
logic, this proposed device reduces the bit error problems. This
devised design is also polarization-independent.

II. WORKING PRINCIPLE OF RSOA AND ADM

One strong pump beam and a weak probe beam are used
as input signal of SOA but the frequency of weak probe beam
with a higher power is obtained at the output. That extra
power comes from the strong pump beam. This SOA is called
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Abstract—In this modern era, optical computing increases the
chance of ultra-high-speed information processing. All-optical
comparator is one of the necessary components of the opti-
cal computing systems. Here we have designed a low power
frequency encoded comparator using reflective semiconductor
optical amplifier. This proposed comparator can compare a single
bit signal. This work is based on dibit concept which improves
the bit error problems. The proposed comparator is realized by
simulation in MATLAB Simulink (R2018a) software. The devised
design with the integrating ability is very purposeful in optical
communication and computation.

Index Terms—Optical Communication, Dibit-based logic sys-
tem, Frequency encoding, Reflective semiconductor optical am-
plifier, Comparator.

I. INTRODUCTION

In this modern world, the photon is a very good choice
for information transmission. Photon has super fast speed but
no rest mass comparison to the electron. So photon is very
preferable to the researcher rather than the electron. For long-
range transmission of the data signal, an encoding technique
is must be used. Among all the encoding techniques [1]–
[4], the frequency encoding technique is preferable due to
its unaltered characteristics in reflection, refraction, polariza-
tion, absorption, etc. In optical information processing, the
optical comparator is essential for decision-making circuits,
arithmetic, and logic units. It is also needed for optical data
processors. Here the comparator compares the magnitude of
the input signals which are encoded by two different frequen-
cies ν1 and ν2, where these two represent the digital logic state
‘0’ and ‘1’ respectively. In recent years, significant research
works have been carried out for comparator. Some of these
are discussed below.

Chattapadhyay [5] proposed a method for 1-bit comparator
using Terahertz Optical Asymmetric Demultiplexer (TOAD)
and also developed an n-bit comparator by the use of cas-
cading technique. Ghosh et al. [6] proposed a design of all-
optical wavelength encoded 1-bit comparator in which the
non-linear property like four-wave mixing of semiconductor
optical amplifier (SOA) is used. Mukherjee et al. [7] proposed
a design of n-bit comparator using the concept of 3rd order

nonlinearity like four-wave mixing (FWM) of semiconductor
optical amplifier. Kaur et al. [8] introduced a comparator based
on Mach-Zehnder Interferometer and verified by simulation
in Opt Sim 4.7.1. A digital comparator has been reported by
Singh et al. [9] using cross-phase modulation (XPM) and cross
gain modulation (XGM) of SOA. Yang et al. [10] demon-
strated a digital comparator using two micro-ring resonator
(MRR). Two binary numbers are represented by two electrical
signals which are modulated in two MRRs. For verification of
their proposed model, a thermo-optic effect-based comparator
is fabricated. Law et al. [11] proposed a digital 1-bit magnitude
comparator using five silicon micro-ring resonator (MRR) and
results are verified by time-varying simulation. Tian et al. [12]
proposed 2-bit digital comparator using micro-ring resonator
(MRR) with U-shaped wave-guides. By using complemen-
tary metal-oxide-semiconductor-fabrication, this comparator is
fabricated on silicon-on-insulator substrate. To the best of
our knowledge, no comparator based on the co-propagation
scheme of reflective semiconductor optical amplifier (RSOA)
has been proposed. Therefore, we design the frequency en-
coded dibit-based comparator using RSOA add/drop multi-
plexer (ADM). The proposed design is simulated in MATLAB
Simulink (R2018a) software and the simulation results are
satisfied with the desired outputs of the proposed design.

II. WORKING PRINCIPLE OF RSOA AND ADM

One strong pump beam and a weak probe beam are used
as input signals of SOA but in output, the weak probe beam
is obtained with a higher power. That extra power comes
from the strong pump beam. This SOA is called reflective
semiconductor optical amplifier (RSOA) [3]. A high reflective
(HR) coating is on the one facet of RSOA and an anti-reflective
(AR) coating is on the other facet of RSOA. It has a very
versatile high gain medium. Fig. 1 shows the block diagram
of RSOA. In this paper, the input weak probe signal is in the
C-band (1536-1570nm) and the saturation power may be used
in the range of 5-20 dBm [4].

An optical add/drop multiplexer is a device that works as
a frequency selector. ν1 and ν2 are the frequencies of the
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