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Abstract: In this paper, all-optical XOR (exclusive OR) and XNOR (exclusive NOR) logic gates are implemented using
two-dimensional photonic crystal waveguides. It uses a square lattice structure with silicon dielectric rods in an air background, as
well as both Y and T-shaped waveguide structures. In this, the light beam operates at a 1550nm wavelength. The proposed design is
based on the principle of the beam interference phenomenon. The contrast ratio of the XOR gate and XNOR gate is 8.27dB and
13.71dB. Both designs are operated at the refractive index of 3.42 by giving the best output values. By using the plane wave
expansion and the Finite Difference Time Domain (FDTD), the designed logic gates are analysed and simulated.
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INTRODUCTION

phase difference of 180°, destructive interference occurs,

The semiconductor technology was used to implement

while constructive interference occurs with even

all of these devices in the past; however, they had

integral multiples of the path difference and phase

several limitations, such as high-power dissipation,

difference of 0°.

high input power requirements, and slow switching

PAPER STRUCTURE

speeds. All-optical devices, with properties like fast

In this paper, we present our proposed design for XOR

switching,

large

and XNOR logic gates that combine T and Y-shaped

bandwidth, are therefore used to overcome these

waveguides. FDTD is used to analyse and optimize this.

disadvantages. The signal degradation in photonic

The

circuits is less as compared to the electronic circuit. The

Introduction. Section 2, describes both logic gates and

design of these logic gates involves several techniques,

how they work. Section 3, provides the simulation

such as Photonic Crystal Ring Resonators (PCRRs) [1-3],

results. Section 4, we conclude the proposed design.

low

power

consumption,

and

organization

is

outlined

under

Section

1,

Self-Collimation [4-5], Plasmonic Waves, Mach-Zehnder
interferometers (MZIs) [6-7], Semiconductor Optical

DESIGN AND WORKING OF ALL-OPTICAL XOR,

Amplifiers (SOAs)] [8-9], metal photonic crystal (MPC)

XNOR LOGIC GATES

with parabola-like dispersion, planar photonic crystal

A. XOR DESIGN:

waveguides (PPCWGs), and others. However, they
have some deficiencies, such as large size and lack of
complexity. That is why many uses photonic crystals,
which use beam interference techniques [10-16] as they
also have advantages like compact in size, and having
strong confinement of light, and less power dissipation.
Photonic

crystals

are

a

periodic

nanostructure

arrangement of the materials having many different
refractive indices. Photonic Band Gap (PBG) crystals are
structures that manipulate light like semiconductors
manipulate electric current. The Photonic crystals occur
in nature in the form of animal reflectors and structural
coloration. This light is controlled by line and point
defects. These materials show different colours due to
their structure which can selectively reflect a certain
band of wavelength. The photonic crystals can be
manufactured in one, two, or three dimensions. In this
case, we designed it as a two-dimensional lattice.

The

proposed

structure

is

a

two-dimensional

Photonic Crystals using the combination of T-shaped
and Y-shaped waveguides consist of arrays of silica
dielectric rods with air substrate. An XOR gate using
beam interference is implemented here. Silicon rods
with a radius of 0.17a are used, where ‘a’ is the lattice
constant (the distance between two dielectric rods) of
value 0.6 µm, and the refractive index of the silicon rods
is 3.42.
This structure operates with a wavelength of 1.55
µm.

The

junction

rods

or

refractive

rods

are

manipulated in this design to be able to transmit the
high power at the output port with a minimum of back
reflections. This design has an array size of 15a × 15a (9
µm × 9 µm) with one Y and T-shaped waveguides. In
addition, a glass rod of 0.2a radius and 1.92 refractive
indices are used at the output junction to decrease the
back reflection. The proposed XOR gate has a contrast
ratio of 8.27.

Many works have been done to design XOR [17-18] and
XNOR gates either by using Y-shaped or T-shaped
waveguides. This design results in the combination of
T-shaped and Y-shaped waveguides. In this structure,
the refractive index (RI) and silicon rod radius are
optimized to reduce back reflection; as a result, power
lost is less. The size of the XOR and XNOR gates are
9µm×9µm and 9µm×7.8µm. Based on the input signal
phase angle and path traversed by signals, constructive
or destructive interference occur in the waveguides.
With odd integral multiples of the path difference or
Figure 1: Layout of proposed all-optical XOR logic gate
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design has an array size of 15a × 13a (9 µm × 7.8 µm)
with one Y and T-shaped waveguides.
There are two junctions in this design, the input
junction referred to as J1 and the output junction
referred to as j2. Three silicon rods are manipulated at
the J1. One silicon rod radius is changed to 0.317a (0.19)
to reduce back reflections, while two more rods are
replaced with a glass rod radius of 0.17a (0.102), which
allows a stronger signal to be sent towards the output.
At the J2 junction, two rods are manipulated, one is the
Figure 1: 2-D Refractive Index of all-optical XOR Logic
Gate

left junction rod, which is changed to 0.217a (0.13), and
the right junction rod is changed to a glass rod with a
1.92 refractive index 0.17a (0.102), resulting in high
power output and reducing back reflection.

Figure 2: FDTD photonic band gap diagram for XOR
gate
The Band gap of XOR is shown in the above figure.

Figure 3: Layout of proposed all-optical XNOR logic

This can be determined by using the Planar Wave

Gate

Expansion (PWE). There is a photonic band gap similar
to the electronic band gap that exists between the
conduction band and the valence band. The spectral
ranges of XOR are (0.514, 0.754) and the total photonic
band gap is 0.2. ‚a/lambda‛ is the wavelength through
which light can't propagate, where lambda is the
continuous

wavelength.

As

a

result,

XOR

has

determined wavelengths (1.163, 0.795).

XNOR DESIGN:
Silicon rods with a radius of 0.17a (0.102) are used,
and the refractive index of the silicon rods is 3.42. This
structure operates with a wavelength of 1.55 µm. The
junction rods or refractive rods are manipulated in this
design to be able to transmit the high power at the
output port with a minimum of back reflections. This

Fig 4:2-D Refractive Index of all-optical XNOR Logic
Gate

Copyright © 2021 International Journal for Modern Trends in Science and Technology, ISSN : 2455-3778

http://www.ijmtst.com

International Journal for Modern Trends in Science and Technology 2021, 7

152

3.1.2 Case 2: (Input port A is ‘0’, B is ‘1’; LOGIC ‘01’)
Here, at the ‘01’ condition the input B and the
reference is set high, while input A is set low. Observing
the destructive interference, we rotate input B 180°
according to the beam interference theory. The XOR
function results in a high output.

Figure 3: FDTD photonic band gap diagram for XNOR
gate
In the following figure, we can see the Band gap of
XNOR. You can determine this when you use the Planar
Wave Expansion (PWE). In a similar way to the
electronic band gap, there exists a photonic band gap
between the conduction band and valence band. A total

Fig 6: XOR-'01' Condition

photonic band gap is 0.2 and XNOR's spectral ranges
are (0.5199, 0.756). ‚a/lambda‛ is the wavelength

3.1.3 Case 3: (Input port A is ‘1’, B is ‘0’; LOGIC ‘10’)

through which light can't propagate, where lambda is

The input '10' condition consists of an active signal

the continuous wavelength. This results in wavelengths

incident from port A and a reference signal and inactive

(1.156, 0.793).

signal present from port B. In junction J1, there is
constructive interference where the output is high and

SIMULATION RESULTS AND DISCUSSION

XOR is satisfied.

3.1 XOR Simulation Results
3.1.1 Case 1: (Input port A is ‘0’, B is ‘0’; LOGIC ‘00’)
In this input condition, both input planes exhibit an
inactive signal, and reference is always high. In this
input condition, both input planes exhibit an inactive
signal, and reference is always high. The signal at the
output can be observed due to the presence of a high
reference since A is low and B is low with a phase of
zero. This condition satisfied the truth table of the XOR
gate we designed.
Fig 7: XOR-'10' Condition
3.1.4 Case 4: (Input port A is ‘1’, B is ‘1’; LOGIC ‘11’)
The condition '11' consists of an active signal coming
from all the input ports -inputs A, B, and reference.
Junction J1 is subject to constructive interference,
whereas

junction

J2

is

subject

to

destructive

interference, resulting in a low output. XOR also meets
the final condition.
Fig 5: XOR- '00' Condition

Copyright © 2021 International Journal for Modern Trends in Science and Technology, ISSN : 2455-3778

http://www.ijmtst.com

International Journal for Modern Trends in Science and Technology 2021, 7

153

XNOR Simulation Results
3.2.1 Case 1: (Input port A is ‘0’, B is ‘0’; LOGIC ‘00’)
In this input condition, both input planes exhibit an
inactive signal, and reference is always high. As input A
and B are low and have no phase, no signal is observed
at the output port, as no interference took place in this
case as there is only one input signal, which is a
reference. The truth table of our designed XNOR gate
satisfied this condition.
Fig 8: XOR-'11' Condition
Intensity of light at the output for different refractive
index values of XOR gate
XOR is verified and analysed under various refractive
indexes, and the refractive index of 3.42 has been
determined to be the best refractive index that will
simultaneously satisfy all the conditions of the truth
table of XOR with maximum output.
The Contrast Ratio (CR) is calculated as follows:
CR=10 log10 (P1/P0)
Fig 10: XNOR-'00' Condition
Where; CR is the Contrast Ratio
P1 indicates the output power at 1 logic value

3.2.2 Case 2: (Input port A is ‘0’, B is ‘1’; LOGIC ‘01’)

P0 indicates the output power at 0 logic value

During this input condition, the input port A shows an

Table 1: Output values of XOR for

inactive signal, and the input port B and reference show

different Refractive Indexes

an active signal. Constructive interference is noted at
the output port at the junction. The truth table of XNOR
confirms this condition.

Fig 11: XNOR-'01' Condition
3.2.3 Case 3: (Input port A is ‘1’, B is ‘0’; LOGIC ‘10’)
It is observed that port A and the reference signals are
both active and port B is inactive. Constructive
interference can be observed at the output port when
the phase of the input signal A and the reference signal
are both 0°. With phase and path differences, this
Fig 9: Contrast ratio for all-optical XOR gate for

condition satisfied the truth of XNOR and beam

different values of refractive index

interference.
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Fig 12: XNOR-'10' Condition
Fig 14: Contrast ratio for all-optical XNOR gate for
3.2.4 Case 4: (Input port A is ‘1’, B is ‘1’; LOGIC ‘11’)
During this input condition, all input A, B, and
reference ports are active. The inputs A and B have 0

different values of refractive index
CONCLUSION

phase difference, causing constructive interference at

In this design, two logic gates, XOR and XNOR, are

junction J1, while at junction J2, there is destructive

implemented by using Photonic Crystal Waveguides

interference, caused by the path difference. Thus, in

and square lattice silicon rods. Simulations of the

order to satisfy the XNOR truth table, we set the

designs are carried out using the FDTD Method. At

reference phase to 180°. Finally, XNOR is completed.

1550nm wavelength, the XOR and XNOR provide CRs
of 6.928 dB and 13.71 dB, respectively. Both T- and
Y-shaped waveguides are used in this design. As a
result, optical networking and computing could be
enabled by it.
REFERENCES
[1]. Sandip Swarnakar, Sapna Rathi and Santosh Kumar, ‚Design
of All-Optical XOR Gate based on Photonic Crystal Ring
Resonator.‛ Vol. 14 (1), pp. 51-56 (Nov 2017).
[2]. Salmanpour, A., S. Mohammednejad, and A. Bahrami,
‚All-Optical photonic crystal AND, XOR and OR logic gates using

Fig 13: XNOR-'11' Condition

non-linear Kerr effect and ring resonators,‛ J. Modern Opt., Vol.
62, 693-700, 2015.

Based on testing and analysing XNOR under various
refractive indexes, 3.42 were determined to be the best
refractive index to simultaneously satisfy the truth table
of XNOR.

[3]. Youcef Mahmoud M, Bassou G, Taalbi A, Chekroun ZM.
‚Optical channel drop filters based on photonic crystal ring
resonators‛. Opt Commun. 2012; 258:368-72.
[4]. Xavier SC, Arunachalam K. ‚Compact design of All-Optical
logic

gates

based

on

self-collimation

phenomenon

in

two-dimensional photonic crystal‛. Opt Eng 2012;51(4):1-5.

Table 2: Output values of XNOR for different Refractive

[5]. Jiang, Y.-C., S.-B. Liu, H.-F. Zhang, and X.-K. Kong, ‚Design of

Indexes

ultra-compact

All-Optical

half

subtractor

based

on

self-collimation in the two-dimensional photonic crystals,‛ Opt.
Commun., Vol. 356, 325-329, 2015.
[6]. Wu YD, Shih TT, Chen MH. New All-Optical logic gates based
on the local non-linear Mach-Zehnder interferometer. Opt
Express 2008; 16:248-57.
[7]. J.R.R. Sousa, A.Filho, A.C. Ferreira, G.S. Batista, C.S. Sobrinho,
A.M. Bastor, M.L. Lyra, S.Sombra, ‚Generation of logic gates
based on a photonic crystal fibre Michelson interferometer.‛ Vol.
322, pp. 143-149 (Jul 2014).

Copyright © 2021 International Journal for Modern Trends in Science and Technology, ISSN : 2455-3778

http://www.ijmtst.com

International Journal for Modern Trends in Science and Technology 2021, 7

155

[8]. Zhang X, Wang Y, Sun J, Liu D, Huang D. All-Optical AND
gate at 10 Gbit/s based on cascaded single-port coupled SOAs.
Opt Express 2004;12(15):361-6.
[9]. J. H. Kim, Y. M. Jhon, Y. T. Byun, S. Lee, D. H. Woo, and S. H.
Kim, ‚All-Optical XOR gate using semiconductor optical
amplifiers without additional input beam,‛ IEEE Photonic
Technology Letters, (10), 1436-1438(2002).
[10]. Dalai Gowri Sankar Rao, Venkatrao Palacharla, Sandip
Swarnakar and Santosh Kumar, ‚Design of all-optical D flip-flop
using photonic crystal waveguides for optical computing and
networking.‛ Vol. 59, No. 23 (Aug 2020).
[11]. Mr. K. Seetarama Raju, M. Priyanka, N. Venkatesh, K.
Harsha Kumar, K. Akshay Kumar, ‚An optical Design, simulation
and feasibility study of photonic crystals using logic gates.‛ Vol.
07, No. 06 (Jun 2020).
[12]. Sandip Swarnakar, Santosh Kumar and Sandeep Sharma,
‚All-Optical Half-Adder Circuit Based on Beam Interference
Principle of Photonic Crystal.‛ Vol. 39 (1), pp. 13-17 (Oct 2016).
[13]. Sandip Swarnakar, Santosh Kumar, Sandeep Sharma,
‚Performance

analysis

of

All-Optical

full-adder

based

two-dimensional photonic crystals.‛ Vol. 17, pp. 1124-1134 (May
2018).
[14]. Sandip Swarnakar, Santosh Kumar and Sandeep Sharma,
‚Design of All-Optical Half-subtractor Circuit Device using 2-D
Principle of Photonic Crystal Waveguides.‛ Vol. 40(3), pp. 195-203
(Aug 2017).
*15+. E. Shaik and N. Rangaswamy, ‚Design of photonic crystal
based All-Optical AND gate using T-shaped waveguide.‛ Vol. 63,
pp. 941-949 (Oct 2015).
[16]. M. M. Karkhanehchi, F. Paradin, A. Zahendi, ‚Design of an
All-Optical half-adder based on 2D photonic crystals.‛ Vol. 33,
pp. 159-165 (Apr 2017).
[17]. J.W.M.Menezes, W.B.Fraga, A.C.Ferreira, G.F.Guimaraes,
A.F.G.F.Filho, C.S.Sobrinho and A.S.B.Sombra, ‚All-optical
half-adder using all-optical XOR and AND gates for optical
generation of ‚sum‛ and ‚carry‛.‛ Vol. 29, pp. 254-271 (2010).
[18]. Haoyu Wang, Xiaoyan Yu, and Xianwei Rong,
‚All-optical AND, XOR, and NOT logic gates based on
Y-branch photonic crystal waveguide.‛ Vol. 54(7), pp. 77-101
(Jul 2015)

Copyright © 2021 International Journal for Modern Trends in Science and Technology, ISSN : 2455-3778

http://www.ijmtst.com

