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Abstract: An all optical logic gate which plays an important role in high speed switching networks. In this paper aim to construct and 

analyze the two-dimensional photonic crystal all optical AND gate. A logic gate is the basic building blocks of any digital system. The 

reported all optical AND gate is composed of two input waveguide and one output waveguide with line and point defect using a hexagonal 

lattice. The functional parameters such as contrast ratio, bit rate, transmission efficiency and response time are calculated. The performance 

of the AND gate is analyzed by using Finite Difference Time Domain method. The proposed logic gate is designed to operate at a 

wavelength of 1550nm. It offers high contrast ratio and minimum delay time. Hence it is suitable for photonic computational integrated 

circuits.  
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1. Introduction   

This Photonic crystal based logic gates which play a vital 

role nowadays in optical communication. In order to 

overcome the limitation of speed and security issues and 

Due to high transmission of data and high speed signal 

processing  researchers gave more attention in designing all 

optical photonic integrated circuit [1].Logic gate are the 

basic building blocks of digital circuit. Therefore designing 

an efficient and compact low power and high frequency 

optical devices is essential one. [2-3]. 

Some several techniques are introduced in two dimensional 

photonic crystal based logic gates as Mach Zehnder 

Interferometer [4], Semiconductor Optical amplifier [5], 

Multimode interference waveguides [6-7] Self collimated 

beam [8]. By using these mechanisms there are many 

optical devices designed in two dimensional photonic 

crystal as adders [9], multiplexers, [10-11], demultiplexers 

[12-13], encoders [14], decoders [15], power splitter [16] 

and sensors [17,18]apart from these devices able to design 

an switches [19], add drop filter[20,21]. Logic gate consists 

of two inputs and one output.  The PC has some special 

characteristics like low power consumption, high speed, 

compactness and it is flexible to design an integrated device. 

Enaul haq Shaik et. al reported a T shaped waveguide AND 

gate without using non linear materials. It offers a bit rate of 

6.26 Tbps and contrast ratio of 5.74dB. An ultra compact all 

optical XOR & AND gate constructed with the various 

functional parameters [22].  In order to reduce the power 

consumption the reported gate designed by Yuhei Ishizaka 

[23]. Parisa Andalib et al designed a Ultracompact AND gate 

based on nonlinear ring resonators [24]. Mohammed Danie 

et.al proposed a non linear Kerr effect based AND gate with a 

minimum delay time of 0.4 ps and the footprint of the structure 

about less than 100µm2 [25].  An all optical AND gate 

operated with multiple wavelength such as 1.30, 1.43, 1.45, 

1.49, 1.51, 1.55 µm [26].  Majid Ghadrdan et.al investigated 

an optical half adder by using AND & XOR logic gate based 

on nonlinear photonic crystal. The functional parameters such 

as contrast ratio of 12.78dB for AND gate and 5.67 dB for 

XOR gate were calculated. A T shaped waveguide introduced 

inside the half adder structure indium phosphide and 

chalcogenide glasses are used in this reported half adder [27].  

An ultra high bit rate all optical AND/OR logic gates based on 

photonic crystal designed by Tamer S Mostafa et.al. I shaped 

waveguide created inside the structure by using a square 

lattice structure [28]. 

The rest of the paper is organized as follows; the band diagram 

of the proposed design is presented in section 2. The structural 

design of 2 input AND gate and its simulation results are 

discussed in Section 3.The design and results of 3 input AND 

gate is presented in Section 4.The Section 5 illustrates the 
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conclusion. 

1. Structural Design of and Gate 

The proposed all optical AND logic gates contains 21×21 

hexagonal lattice embedded in silicon rods. The structure 

mainly comprises by using a line and point defect based 

ring resonator. The structural parameters such as lattice 

constant a=600nm and radius of rod noted as r=0.12µm. 

The refractive index of the proposed AND gate structure is 

3.6 (Silicon).    

 

Fig. 1 Symbol of AND gate 

 

Fig. 2 Band diagram of the proposed structure design 

without defects 

Fig. 2 shows the band diagram for the proposed logic gate 

before creating the defects. The Plane Wave Expansion 

method used to calculate the band structure. The band 

diagram gives the propagation mode and Photonic Band 

Gap (PBG) of the proposed structure. The proposed all 

optical AND gate has a transverse electric field (TE) and 

transverse magnetic field(TM) PBG. The band diagram 

shown below Figure 2 has both TE PBG and TM PBG 

where the blue color indicates TE PBG and red color 

represents TM PBG. The first TE PBG is obtained between 

0.5492nm < (a/λ) < 0.540nm whose corresponding 

wavelength range.   

2. Structure of Two Input and Gate 

An all optical AND gate has two input ports as Port A and 

Port B and the output port noted as Y.  There are two 

waveguide such as top and bottom of the waveguide. In 

order to attain maximum output power the refractive index 

and radius of the rod will be varied in the hexagon shaped 

ring resonator based structure. The line and point defects 

are introduced into the bus and drop waveguide.  

 

Fig. 3 Proposed two input AND gate structural design 

 

 

 

 

 

 

 

 

Fig. 4 3D view for the proposed two input AND gate 

Fig. 3 shows the proposed two input AND gate. The radius 

and refractive index of the rod varied to attain maximum 

power and to increase the efficiency.  

 The 3D view of the proposed AND gate is shown in Fig. 4. 

When the signal is launched into the waveguide, the 

normalized efficiency is calculated by varying the properties 

of time monitor and its respective time response curve is 

plotted. 

TABLE 1 Truth table of two input AND gate 

INPUT 

A 

INPUT 

B 

OUTPUT 

Y 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

 

   T(f) =
1/2 ∫ real (p(f)monitor)dS

Source Power
    

Where T(f) is a normalized signal power as function of 

frequency, dS denotes surface normal, and p(f) is Poynting 

vector. The FDTD method is separated the electric or magnetic 

fields into time and space by Maxwell’s equation. The 

following equation will be satisfied by the Finite difference 
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Time Domain method.  

                      ∆t ≤
1

c√
1

∆x2+
1

∆z2

                                         (2) 

Where ∆t indicates step time, and ∆x and ∆z is grid size in 

X-Z axes.  

CASE 1: When both inputs are OFF condition i.e., A=0 and 

B=0, the signal is not coupled inside the waveguide so there 

was no output power in the output ports.  

CASE 2: When anyone of the input is ON i.e., A=1 and 

B=0, the Gaussian input signal was not propagated inside 

the structure and the output not attained in output port. 

• CASE3: When one input is ON i.e., A=0 and B=1, the input 

power is applied to the port A and it enter into the 

waveguide there was no power coupled inside the 

waveguide and the output not achieved in port Y. 

• CASE 4: When both inputs are ON i.e., A=1 and B=1, the 

input signal is launched into Port A and Port B which is 

propagated inside the structure, then the power reached at 

the output port. 

 

                                     (a) 

 

(b) 

 

(c) 

Fig. 5 signal propagation for proposed two input 

AND gate as (a) A=1, B=1, Y=1, (b) A=0, B=1, Y=0 

and (c) A=1, B=0, Y=0 

Fig. 5 (a) to 5 (c) shows the electric field distribution and 

output response curve of the proposed two input AND 

gate for three different logics (11, 01 & 10).  

CR=10log(
P1

P0
)  dB                                                        (3) 

Where P1 is the power at logic 1 and P0 indicates the 

power at logic 0.  

The output response of the AND gate is shown in above 

Fig. 5 represents the functional parameters such as 

contrast ratio, response time and bit rate. It offers better 

functional parameters such as contrast ratio 39.88 dB. The 

average output power is calculated that the time required 

traveling the output power from 0 % to 90 % output. The 

time consists of two components namely t and t1 where t 

is the transmission delay to reach 0.1 % of Pavg and t1 is 

the transmission delay to reach 90 %of Pavg. The response 

time calculated as 1.499 ps.  

TABLE 2 FUNCTIONAL PARAMETER OF TWO 

INPUT AND GATE  

Inpu

t A 

Inpu

t B 

Outpu

t Y 

Respons

e time 

Contras

t ratio 

Bit 

rate 

0 0 0  

1.499 ps 

 

39.88 

dB 

 

0.66

6 

Tbps 

0 1 0 

1 0 0 

1 1 1 

3. Three Input and Gate 

The proposed Y shaped defect based ring resonator extended 

for three input AND gate. The three input AND gate 

comprises of three input and one output ports. The reference 

port added in between the two input ports.  

 

(a) 
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(b) 

Fig. 6 (a) The schematic structure of three input 

AND gate and (b) 3D view of 3 input AND gate 

Table 3 Truth table of three input AND gate 

INPUT A INPUT 

B 

REF INPUT 

R 

OUTPUT 

Y 

0 0 1 0 

0 1 1 0 

1 0 1 0 

1 1 1 1 

 

(a) 

 

(b) 

 

                                             (c) 

Fig. 7 Signal propagation of three input AND gate  (a) 

A=0,R=1,B=1and Y=0; (b) A=1, R=1,B=0 and Y=0 and  (c) 

A=1,R=1,B=1 and Y=1 

The electric field distribution of the three input AND gate is 

shown in Fig.7.  

TABLE 4 FUNCTIONAL PARAMETER OF THREE 

INPUT AND GATE 

 

INP

UT 

A 

 

INPU

T  

B 

 

REF 

INPU

T 

 

OUT

PUT 

Y 

 

RESPO

NSE 

TIME 

 

CONT

RAST 

RATIO 

 

BIT 

RAT

E 

0 0 1 0  

 

7.256ps 

 

 

42 dB 

 

 

0.137 

Tbps 

0 1 1 0 

1 0 1 0 

1 1 1 1 

 

Table 4 shows the cumulative response of proposed AND gate. 

The functional parameters calculated such as contrast ratio, bit 

rate and response time. 

4. Conclusion 

An investigation of all optical two input and three input AND 

gate based on two dimensional photonic crystals is proposed 

and designed. The functional parameters calculated by using 

FDTD method. The contrast ratio, response period and bit rate 

of the proposed two input AND gate is 42 dB, 7.256 ps and 

0.137 Tbps, and three input AND gate is 39.88 dB, 1.499 ps 

and 0.666 Tbps, respectively. By comparing all other reported 

logic gates, the proposed structure offers better contrast ratio 

with the footprint 12.2µm×10.6µm.Hence, the proposed 

optical logic gate is used for future high speed switching 

networks.  
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