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Abstract: In this paper, a novel all-optical NOR logic gate based on two dimension (2-D) photonic crystals (PC) is 

designed and simulated by a cascade of two all-optical switches. The new all-optical switch is composed of a nonlinear 

photonic crystal ring resonator (PCRR) and T-type waveguide. The PC structure has a square lattice of silicon rod with 

refractive index of 3.39 in air. The bandgap of this structure is derived by the plane wave expansion (PWE) method, which is 

from a/λ= 0.32 to a/λ= 0.44. In this structure to work at the wavelength of 1550 nm, the lattice constant ‘a’ should be 630 nm; 

the total size of the proposed optical NOR gate is only 18 µm × 11 µm. The simulation results using two dimensional finite 

difference time domain (FDTD) method indicated that the proposed optical NOR logic gate is a potential candidature for 

ultrafast optical digital circuits. 
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1. Introduction 

The problems of future computation and communication 

are unavoidable since conventional electronic technology 

will very soon reach its speed limit. The all-optical signal 

processing for the networks can handle large bandwidth 

signals and large information with very high speed. 

Ultrafast optical logic gates based on nonlinear photonic 

crystal (NPC) are the key device in the optical signal 

processing systems and future optical networks 
[1-4]

. The 

two dimensional (2-D) NPCs have refractive index changes 

in two perpendicular directions that play an important role 

on the photonic components than one dimensional and 

three dimensional NPCs 
[5-7]

. It is possible due to case in 

controlling the propagation modes, accurate calculation of 

photonic bandgap (PBG), efficient light confinement, 

simple design and easy fabrication capability. Beside, 

optical waveguide using photonic crystals have been the 

attractive attention because of their small dimension and 

low loss structure.  

In recent years, all-optical logic gates 
[8-12]

 have been 

reported many configurations such as a Mach-Zehnder 

interferometer based on self-collimation, periodically poled 

lithium noibate (PPLN) waveguide, photonic crystal 

self-collimated beam with a phase lag, semiconductor 

saturable absorber etalons, nonlinear ring resonators 

inserted between three parallel line defects, etc. These 

schemes have some fundamental limitations like latency 

time, power consumption, speed and size.  

In this paper, a new all-optical NOR gate is proposed by 

a cascade of two all-optical switches. The all-optical switch 

using 2-D NPC is composed of a nonlinear photonic crystal 

ring resonator (PCRR) and T-type waveguide. Simulation 

has been performed through 2-D finite difference time 

domain (FDTD) method. This method is used to simulate 

electromagnetic wave propagation in any kind of materials 

in the time domain. Next, the PBG of the material can be 

calculated by plane wave expansion (PWE) method. The 

paper is organized as follows: In Sec. 2, we describe the 

structure design of proposed all-optical NOR logic gate in 

detail. Simulation results are discussed in Sec. 3. Finally, 

we conclude the article in Sec. 4. 

2. Structure Design 

In this paper the 15×15 square lattice 2-D PC is used for 

designing the structure. The lattice constant, denoted by ‘a’, 

is 630 nm which is a distance between the two neighbor 
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rods. The radius of rod is 0.21a, which is close to 0.133 µm. 

The relative permittivity of the dielectric rods in the struc- 

ture is 5.11=rε that is the refractive index of 3.39. The 

circular Si rod is surrounded by air. 

First, the plane wave expansion (PWE) method is used to 

calculate the photonic bandgap (PBG) of the PC structure. 

Fig. 1 shows the simulation of the band diagram of the 

structure without any defects, which gives the transverse 

electric (TE) photonic bandgap and propagation modes in 

the first Brillouin zone. The normalized frequency (a/λ) is 

observed from 0.32 to 0.44 whose corresponding 

wavelength ranges from 1432 nm to 1968 nm. The 

photonic crystal ring resonator (PCRR) is fabricated by the 

reduced expansion of photonic crystal, which embedded 

between two waveguides. The diameter of PCRR is 6a. The 

waveguides in Γ-X direction are single mode in the whole 

PC bandgap shown in Fig. 2. In the corners of the PCRR 

there are four extra rods shifted toward corner of 0.707a 

with the same refractive index and radius. The rods are 

needed to omit the back scattering at the corner
 [13, 14]

. In 

order to confirm the switching property shown in Fig. 3, the 

structure is excited from port A with a Gaussian light 

source at the normalized resonant frequency of 0.406c/a, 

where c is the speed of light in vacuum. In this case, there 

is no signal at port B and all the energy is transmitted to 

port D.  

 

Figure 1. TE band diagram of 15 × 15 square lattice without introducing 

any defects. 

 

Figure 2. The schematic structure of photonic crystal ring resonator 

(PCRR). 

Moreover, we propose a new structure of all-optical 

T-type switch consisted of T-type waveguide and PCRR 

shown in Fig. 4. The structure is excited from port A and 

exit from port B, which control by port C. When an optical 

signal is applied to port C, no output signal is in port B due 

to the coupling of PCRR. On the contrary, the optical signal 

is transmitted to port B when no signal is applied to port C. 

The normalized transmission spectra of port B is obtained 

by conducting fast Fourier transform (FFT) of the fields 

that are calculated by multiple scattering method (MSM) 

shown in Fig. 5. From Fig. 5 we can see that this T-type 

optical switch has two switching resonant frequencies of 

0.385c/a and 0.425c/a. Moreover, the optical switch has a 

lower switching time of about 3 ps after simulation. 

 

Figure 3. The electric field distribution in PCRR. 

 

Figure 4. The structure of proposed all-optical T-type switch. 

Finally, a novel all-optical NOR logic gate is designed by 

a cascade of two all-optical switches shown in Fig. 6. The 

center distance of both PCRR is 14a. The total size of the 

present gate is about 18 µm × 11 µm, which is smaller than 

the conversational PC-based optical logic gates. This 

optical logic gate is excited from port A and exit from port 

B (i.e. the output of the logic gate), which control by port C 

and port D (i.e. the inputs of the logic gate). 
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3. Simulation Results and Discussions 

To conduct the Gaussian light source into the logic gate, 

the logic function can be achieved by the two optical 

switches operation. Moreover, the optical field distribution 

of the proposed all-optical NOR logic gate is obtained by 

conducting fast Fourier transform (FFT) of the fields that 

are calculated by FDTD method shown in Fig. 7. In Fig.  

 

Figure 5. Transmission spectrum of all-optical T-type switch. 

 

Figure 6. The structure of an optical NOR logic gate. 

 

Figure 7. The electric field distribution of all-optical NOR logic gate at (a) 

no input at port C and port D ; (b) no input at port C and applied input at 

port D; (c ) applied input at port C and no input at port D , and (d) 

applied input at port C and port D. 

7(a), when port C and port D be ‘OFF’, and port A is 

applied the pumping optical source, we can see that the 

optical signal can reach the port B. In Fig. 7(b), there is no 

optical signal output at port B due to second PCRR 

operation and turn off the optical channel under port C of 

‘OFF’ , port D of ‘ON’, and port A applied the pumping 

optical source. Moreover, port B is also no output under the 

changing status of port C and port D shown in Fig. 7(c). In 

Fig. 7(d), when port C and port D be ‘ON’, the pumping 

optical source of port A is turn off at first PCRR operation 

and only 2% optical signal stay on the waveguide channel 

from port D. Finally, the summary of operation results for 

the proposed optical NOR logic gate shows in Table 1. 

4. Conclustion 

We have proposed an novel all-optical NOR logic gate 

based on 2-D PC. This gate is consisted with two optical 

T-type switches. The T-type switch adopts a T-type wave 

guide in Γ-X direction with a nonlinear PCRR, which can be 

achieved a fast switching time of about 3 ns. Moreover, the 

structure of proposed NOR gate has small size of about 18 

µm × 11 µm and can work with low power consumption in 

comparison with the conventional PC-based optical gate. 

Therefore, the proposed optical NOR logic gate is very 

useful to apply on ultrafast optical logic operations and 

future optical computing components. 

Table 1. All-optical NOR logic gate truth table 

Input of Port C Input of Port D Output of Port B 

0 0 1 

0 1 0 

1 0 0 

1 1 0 
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