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Abstract 
 
A novel scheme for implementation of all-optical logic gate based on 2D photonic crystal structure has been proposed. Photonic crystal 
structure is comprised of two-dimensional lattice of air holes in a square Silicon substrate having refractive index of 3.15. The Finite 
Different Time Domain (FDTD) simulation is used to analyze the behavior of the structure. The operational wavelength of the input 
ports is 1.55μm. Since the structure has a simple geometric with clear operating principle, it is potentially applicable for photonic 
integrated circuits. The logic operations are realized by a control signal and the input signal (s) applied across two adjacent faces, while 
the output is obtained along one of the remaining face. No control signal is used for AND Gate, However to realize OR, NOT and NOR 
Gates a control signal is applied at the third face. 
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INTRODUCTION 
 

All optic logic gates are key elements in different signal 
processing techniques. It is based on Mach-Zehender 
Interferometer (MZI) (Deyin Zhao et al., 2007), semiconductor 
optical amplifier (SOA) (Soto et al., 2002), SOA based on 
ultrafast nonlinear interferometer (Yuji Miyoshi et al., 2008), 
SOA with optical filter (Houbavlis et al., 1999) and 
semiconductor laser amplifier loop mirror (Houbavlis et al., 
1999).  
 
But all these schemes suffered due to high power consumption, 
speed, narrow operating wavelength range and signal to noise 
ratio. Photonic crystal structures (PCS) have been attractive 
element for this purpose because of its dimension, low loss 
structure and high operating speed (Avramopoulos, 2001). 
Thus photonic crystal based all optic logic gates are considered 
as key components in future photonic integrated circuits and 
hence such optical devices have attracted significant research 
in recent years. Most of the recent reported works are based on 
nonlinear optics, but these devices again suffer due to high 
power consumption and narrow operating frequency range. 
Further there are very few references available, where optical 
logic gates are based on photonic crystal structure.  

For example in reference (Kabilan et al., 2009), OR and XOR 
logic gates are realized by introducing a line defect along TX- 
direction, while in reference (Kun-Yi Lee et al., 2008), XOR 
gate is realized by a line defect asymmetric Y branch 
waveguide  (Kabilan, 2010). The different PCS, reported in the 
literature have mainly two disadvantages. Complex geometry 
of the structure which is very difficult to fabricate even using 
the most advanced techniques and secondly the materials 
where maximum work on logic gates based on PCS have been 
reported is silicon dioxide(Glass).Unfortunately this material is 
not suitable for drilling fine holes or structures required as per 
the simulation. For example an attempt to eatch circular air 
holes in silicon oxide substrate using FIB technique forms 
cracks along the circumference. While this issue can be taken if 
silicon oxide substrate will be replaced by silicon substrate. We 
in this investigation, proposed a simple structure on a silicon 
substrate which is easier for fabrication. Using FDTD 
simulation it is shown that one can realize AND, OR, NOT and 
NOR Gate in this structure. 
 

FDTD Method 

 
Several computational methods have been employed for 
analysis of photonic crystal structure, including plane wave 
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expansion (PWE) method, transfer matrix method, Green’s 
function method and finite difference time domain method. But 
we have employed the FDTD method based on Yee’s 
algorithm (Yee, 1966), to study the 2D-PCS, because the 
computational time and memory requirements are reduced  
(Qui and He, 2000; Qui and He, 2001). The propagation of 
electromagnetic waves through photonic crystal structure is 
governed by Maxwell’s four equations in a linear medium with 
the sources and are 
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Using these equations, magnetic field components can be 
expressed in form of Helmholtz equation, which is given by  
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Equations (1) and (2) are discritised so that the E and H fields 
are solved from the E and H field at a precise time step. The 2-
D TE mode FDTD used in this paper is  
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Each filed component is updated from the data at the previous 
time step. The Gaussian beam is initiated in the grid, travels 
through, reflects from, refracts in and resonates inside the 
photonic crystal. Where	�(�),�(�), �(�) are permittivity, 
permeability and conductivity of the material and all are in the 
function of position. For our simulation, we have used PML 
boundary condition. Further time step is so chosen that stability 
criteria is satisfied  (Tripathy, ?).  
 

Structure 
 
The proposed 2D PCS is based on 15x15 air holes with lattice 
constant ax =0.575 µm and ay = 0.575 µm .The silicon substrate 
having dielectric constant 11.5 is drilled with air holes of 
radius r = 0.115 µm . The input signals are applied along face 1 
and face2, where as the control signal is used along face3. The 
output is obtained along face4 as shown in the Fig 1.In the 
following paragraphs the various configurations of logic gates 
are presented 
 

 
 

Fig 1. Proposed 2D PCS for Logic Gate 
 
Realization of Logic Gates 
 

To realize AND gate input signals are initiated in face-1 and 
face-2, while output is calculated at face-4.Someof the 
simulation results are shown in Fig-2. As is observed in Fig-2 
for inputs given to face 1,and face 2,a strong signal is obtained 
at the center of face-4.While one signal is taken out either from 
face-1 and face-2, no signal reaches the center of face-4.The 
simulation results are presented in Table 1. 
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We  further investigate the performance of OR gate using the 
cross waveguide structure using a control signal. OR gate 
encompasses of two inputs and an output. The stimulated 
results for [11],[10],[01] are shown in Fig 3 and the 
corresponding logic gate is presented in Table 2,where the 
output is logically ‘1’ if and only if both of the input values are 
‘0’. 
 
 
 
 
 
 
 
 
 
 

A NOT Gate is realized with the control signal. The simulation 
results in the output are shown in Fig 4 and the results are 
shown in Table 3. 
 
 
 
 
 
 
 
 
 

LOGIC AND GATE 
 

INPUT  1 INPUT 2 OUT PUT 

1 1 1 
1 0 0 
0 1 0 
0 0 0 

           [Truth Table-1]  
 

LOGIC OR GATE 

 
INPUT 1 INPUT 2 CONTROL SIGNAL 3 OUT PUT 

 

1 1 1 1 
1 0 1 1 
0 1 1 1 
0 0 0 0 

 [TRUTH TABLE 2] 

 

LOGIC OR GATE 
 

INPUT SIGNAL 2 CONTROL SIGNAL OUT PUT 

0 1 1 
1 1 0 
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Fig 2.A. Simulation for AND gate [10, 01]
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Fig 2.A. Simulation for AND gate [10, 01] 
 

 
Fig 2.B. Simulation for AND gate [11] 

Fig 3.A. Simulation for OR Gate [01] 

 
Fig 3.B. Simulation for OR Gate [10] 
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Fig 3.C. Simulation for OR Gate [11] 
 
 

 
 

Fig 4.A. Simulation for NOT Gate [11] 

 

 

 
 

Fig 4.B. Simulation for NOT Gate [01] 

                                                           
LOGIC  NOR GATE 

 

IN PUT 1 IN PUT 2 CONTROL SIGNAL 3 OUT  PUT 

        1         1        1        1 
        1         1        0        1 
        1         0        1        1 
        1         0        0        0 

[TRUTH TABLE 4] 
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Similarly In this case of NOR gate we apply a fixed signal into 
the input 1 ,by applying input signal 2 and control signal 3, we 
find NOR Gate. The Simulated results are shown in Fig 4 and 
corresponding results are presented in Table 4. We use the 
signals 2 and the control signal 3 and the output taken along 
face 4 in Fig 5 
                            
Conclusion 
 
A design procedure for AND, OR, NOT, and  NOR  Optical 
operation in a 2D PCS on silicon substrate is proposed in this 
paper.2D PCS is realized by drilling air holes so as to form 
line defect. To the best of our knowledge this is the first report 
on optical logic gate in silicon substrate. The proposed device 
benefits a simple and small structure. The structures can be 
strong candidates for future photonic integrated circuits. 
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Fig 5.B. Simulation for NOR Gate [00] 
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