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Abstract: Using a square photonic crystal 
cavity,anovel design that replicates an optical NOT gate 
at an operating wavelength of 𝟏. 𝟓𝟓 𝝁𝒎is presented. 
The proposed gate has a very small footprint, 
measuring only a few micrometers square. The contrast 
ratio is 𝟕. 𝟔𝟗 𝒅𝑩 , and the response time is 𝟏𝟓𝟎 𝒇𝒔. The 
operation of the suggested device is investigated using a 
2D-FDTD approach. 
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I. INTRODUCTION 

 

Photonic crystals (PhCs) are a periodic dielectric 
structure consisting of two different dielectric 
materials with different dielectric constants [1-2]. It 
has a unique optical property called a photonic band 
gap (PBG) as a result of its periodicity [3]. The PBG 
is a frequency or wavelength band that is not 
permitted to propagate into the PhC [3]. PBG features 
and manipulation have been employed in the design 
of a variety of optical components and devices [4], 
including optical logic gates, filters, decoders [5-13], 
set reset latches [14], and so on. 

In all these, optical logic gates are used in optical 
communication networks and high-information 
processing applications [15]. It's also used for rutting 
and switching optical signals between optical 
channels. 

In the present study, an optical NOT gate 
employing a square photonic crystal cavity (SPhCC) 
is proposed. Itworks based on interference effect [8].  
The utility of suggested NOT gate is demonstrated 
utilizing 2D-finite-difference time-domain i.e. 2D-
FDTD technique [2,16]. Accurate Matched Layers 
(PMLs) in all side of simulating areas are used to 

modify the unbounded space to explore the behaviour 
of the wave and defective modes [17]. The structure's 
dispersion diagram is calculated using the Plane 
Wave Expansion (PWE) numerical method [17-18]. 
In terms of footprint and response time,the proposed 
structure is good. 

 

II. STRUCTURE DESIGN 

2D square lattice of  Silicon rods in air has been 
suggested and designed. To operate the optical NOT 
gate in the third optical window, the refractive index 
of silicon is estimated to be 3.46 for the 
1.55 𝜇𝑚wavelength. The radius of dielectric circular 
rods is chosen to be 0.2 × 𝑎, Here the value of a 
(lattice constant of PhC structure) is 558 nm, 

 The optical NOT gate is designed by the use of 
square PhC cavity (Fig. 1). In SPhCC design,12 
dielectric rods of radius 51 nm are arranged around a 
central rod. These 12defects rods are known as the 
cavity inner rods. 

The cavity is connected with 3 waveguides (upper 
horizontal waveguide, lower horizontal waveguide 
and vertical waveguide) as shown in Fig. 1a. Upper 
horizontal waveguide has two ends point (left and 
right) as shown in figure, the left end point works as 
a bias port B and right end point acts as a input port 
A. The lower horizontal waveguide is a bypass 
waveguide.O is an output port of proposed NOT  
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Fig. 1a: The layout of an optical NOT gate structure. 

 
Fig. 1b: The refractive index profile (RIP) of NOT gate structure 
 

 
 
Fig.2: The photonic band diagram (PBD) of proposed NOT gate.  
 

gate. Further radius of two coupling rods are 
reduced along three sides of the square cavity as 
shown. The complete schematic diagram of this 
optical NOT gate is depicted in Fig. 1a. The 
refractive index profile (RIP) of the gate is depicted 
in Fig. 1b. 

The dielectric (Silicon) rods in the air are used in 
the planned structure, hence the PBG is computed in 
TE mode [18]. As shown in Fig. 2. PBG has a 
wavelength range of 0.505978 1∕λ to 0.747921 
1∕λ,which relating  in the  range of 1337 to 1976 nm. 

as depicted in Fig. 2. It indicates that such dielectric 
material is suitable for use in a CWDM system [18]. 

III. OPERATION OF OPTICAL NOT GATE 

To demonstrate the role of structure, a simulation 
is done using the tool OptiFDTD. For simulation, we 
utilise a CW signal with a power of Pa[7] and a 
wavelength of 1.55 μmat the bias and input ports, 
respectively. We assume the following if power is 
equal or equivalent to Pa as logic 1, or ON state, and 
power is zero or significantly below Pa as logic 0, or 
OFF state[7]. 

Case 1: The bias port B is ON and input port A is 
OFF (B=1, A=0), the output port O becomes 1.00Pa 
which corresponds to logic 1 or ON state. The snap 
shot of the electric field distribution (EFD) and 
normalized output power at the central wavelength 
(1.55 𝜇𝑚) are shown in Fig. 3a and 3b. Fig. 3c 
shows the time vs. normalized output power graph. 
The simulated electric field view (EFV) is shown in 
Fig 3d. 

Case 2: Both the input ports are ON (B=1, A=1), 
therefore the input signal destructively interferes with 
the bias signal in the top waveguide, and the output t 
O becomes 0.17 Pa, which corresponds to the logic 0 
or OFF state. Fig. 4a and 4b illustrate the 
distribution of the electric field as well as the 
normalised output power at the central wavelength. 
Figure 4c depicts the time vs normalised output 
graph.Fig. 4d shows the simulated EFV. 

Table 1 shows the truth table of optical NOT gate. 

The contrast ratio(CR) = 10 𝑙𝑜𝑔
ை(ைே)

ை(ைிி)
[15] of 

suggested optical NOT gate is calculated as 7.69dB. 

This structure's response time (RT) is 150 fs. 
According to Figure 3c and 4c, this value is 
calculated. Therefore data rate (bit rate) is 6.66 Tbps 
because the data rate is reciprocal of response time. 

 
TABLE 1: Truth table of optical NOT gate. 
 

Port B Port A Port O Output Logic 
1 0 1.00Pa 1 
1 1 0.17Pa 0 

 

 
Fig. 3a 
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Fig.3b 

 
Fig.3c 

 
Fig.3d 

 
Fig. 3: The NOT logic gate results when the bias is ON and the 

input signal is OFF (a) Electric field distribution (b) normalized 
output power at the central wavelength (1.55 μm)(c)Time vs. 
normalized output power graph (time evolving graph).(d) 
simulated electric field view (EFV). 

 
Fig.4a 

 

 
Fig.4b 

 
Fig.4c 

 
 

Fig.4d 
 
Fig. 4: The outcome of an optical NOT logic gate when both 

the bias and input signals are ON(a) Electric field distribution (b) 
Normalized output power at the central wavelength (𝟏. 𝟓𝟓 𝛍𝐦)(c) 
Time vs. normalized output power graph (time evolving 

graph).(d)simulated electric field view (EFV). 
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IV CONCLUSION  

Based on SPhCC, an optical NOT is 
constructed. Numerical simulations successfully 
demonstrated by the 2D-FDTD method that the 
presented structure acts as an optical NOT gate. The 
response time, bit rate and contrast ratio for this NOT 
gate are 𝟏𝟓𝟎 𝒇𝒔, 𝟔. 𝟔𝟔 𝑻𝒃𝒑𝒔and 𝟕. 𝟔𝟗 𝒅𝑩. The 
footprint of this structure is 𝟖𝟗. 𝟗𝟖 𝝁𝒎𝟐which is 
compact. The suggested structure could be useful in 
designing of all optical computer system and 
processing circuits. 

 

ACKNOWLEDGMENT 

 
Ms. PallaviSaxena acknowledges to Department of 

Physics, J. S. University, UP-India for providing all 
necessary short term facilities forresearch. 

REFERENCES 
[1] J.D. Joannopoulos, S. G. Johnson, J. N. Winn, and R.D. Meade, 

Photonic Crystal: Modeling the Flow of Light, Princeton 
University Press, P. Copyright (2008). 

[2]A. Kumar, M. M. Gupta, and S. Medhekar, “All optical NOT 
and AND gates based on 2D nonlinear photonic crystal ring 
resonant cavity”, Optik,vol.167, pp. 164-169, April  2018. 

[3] S. Robinson, and R. Nakkeeran, “Photonic crystal ring 
resonator- based add drop filters a review”, Optical Engg., 
vol. 52, pp. 060901, June 2013. 

[4]A. Kumar, and S.Medhekar, “All optical wavelength filter based 
on photonic crystal”, NLQO, vol. 51, pp. 237-249 2019.  

[5] Z. Mohebbi, N. Nozhat and F. Emami, “High contrast all 
optical logic  gates based on 2D nonlinear photonic crystal”, 
Optics Comm., vol. 355, pp.130-136, May 2015. 

[6] N. M. D’Souza and V. Mathew, “Interference based square 
lattice photonic crystal logic gates working with different 
wavelengths”, Optics and Laser Technology, vol. 80, pp. 
214-219, January 2016. 

[7] A. Kumar and  S. Medhekar, “All optical NOT and NOR gates 
using interference in the structures based on 2D linear ring 
resonator”, Optik, vol. 179, pp. 237- 243, October 2019. 

[8] A. M. Bahabadyand  S. Olyee, “All optical NOT and XOR 
logic gates using photonic crystal nano resonator and based 
on an interference effect”, IET Optoelectronics , vol. 12, pp. 
191-195,April 2018. 

[9] M. Y. Mahmoud, G. Bassou,  A.Taalbi and Z. M. Chekroun, 
“Optical chennal drop filters based on photonic crystal ring 
resonators, Optics communicatons, vol. 285, pp. 368-372, 
October 2012. 

[10] A. Taalbi, G. Bassou and M. Y. Mahmoud, New design of 
channel drop filters based on photonic crystal ring resonators, 
Optik, vol. 124, pp. 824-827, January 2013. 

[11] F. Mehdizadeh, H. A. Banaeiand  S. Serajmohammadi, 
“Design and simulation of all optical decoder based on 
nonlinear PHCRRs”, Optik, vol. 156, pp. 701-706,December 
2018. 

[12] H. A. Banaei, F. Mehdizadeh, S. Serajmohammadi and M. H. 
Kashtiban, “A 2*4 all optical decoder switch based on 
photonic crystal ring resonators”, Journal of Modern Optics, 
vol. 62, pp. 430-434, August 2015. 

[13] T. A. Moniem, “All optical active high decoder using 
integrated 2D square lattice  photonic crystals”, Journal of 
Modern Optics, vol. 62, pp.1643-1649, June 2015. 

[14] J. Z. Sun and J.S.Li, “Photonic crystal based waveguide 
terahertz wave set resat latch”, Optik, vol.145, pp.49-55, July 
2017. 

[15] E. H. Shaik and N. Ranagswamy, “Design of photonic crystal 
based all optical AND gate using  Tshapped waveguide”, 
Journal of  Modern Optics, vol. 63, pp. 941-949, October 
2016. 

[16] A. Taflove, Computational Electrodynamics, 
TheFinteDiffernces Time Domain Method, Artech House, 
1995. 

[17] A. Kumar and  S. Medhekar, “All optical NOR and NAND 
gates using four circular cavities created in 2D nonlinear 
photonic crystal”, Opt. and Laser Tech. vol. 123, pp. 105910, 
(2020). 

[18] S. G. Johnson, J. D.Joannopoulos, Block iterative frequency-
domain method for Maxell equation in a plane basis, Opt. 
Express,vol. 8, pp. 173-190, 2001. 

[18] M. K. Chhipa, B. T. P. Madhav, B. S. Suthar and K. 
Srimannarayana,“ Design and analysis of circular ring 
resonator based optical switch with temperature effect” Int. 
Journal of Pure and Applied Mathematics, vol. 117, pp. 141-
146, (2017). 

 

 
 
 

Authorized licensed use limited to: International Institute of Information Technology-Raipur. Downloaded on April 12,2022 at 09:19:54 UTC from IEEE Xplore.  Restrictions apply. 


