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Abstract
In this paper, the simulation of a nonlinear photonic crystal switch has been optimized in a new using the Kerr effect based 

on two-dimensional photonic crystal (2D-PC) structures. In this proposed structure, using a combination of waveguides and rings, 
we were able to manage the switching point of the structure using nonlinear effects in the rings. The proposed all-optic switch is 
composed of square lattice of silicon rods suspended in air. In this structure, the lattice constant a = 548 nm, and the filling factor 
r/a = 0.2. The value of input power at which the structure is switched ON is completely independent of the number of dielectric rods 
coupled to the L-shaped waveguide. The value of output power at the switching point decreases as completely descending function 
due to the increase in the number of coupling rods in the structure. In this proposed structure, the plane wave expansion (PWE) and 
fnite-diference time-domain (FDTD) methods are used respectively a solving for the band structure (dispersion relation) of specific 
photonic crystal geometries and to investigate the optical behavior of the structure.
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Introduction

The growing need for technology to exchange large volumes 
of information has led to the development of all-optical networks. 
To develop these optical networks is one of the very key and 
important parts of low power and high speed optical switches. 
So far, switching on high-volume data transmission networks has 
been done all electronically [1-5]. The switching characteristics in 
this situation had medium and low speeds. Under these conditions, 
the optical signals are first converted into electricity and the 
storage and switching operations are performed electronically. 
Once converted to an optical signal, they are propagated in another 
direction, which is very time consuming and does not meet the 
needs of the structure as the network capacity increases [6-10]. 
Due to these problems, the best alternative to these switches are 

all-optical switches. Because these switches route optical signals 
without converting them into electrical signals. As a result, the 
operation of these switches is independent of the speed and data 
protocol of the switch. This function reduces network equipment 
and increases speed, thus increasing capacity and reducing 
network power consumption. Also, by eliminating exchanges O/E 
and E/O, the cost of structures based on these switches is greatly 
reduced [11-15].

To achieve these proposed switches, one of the best platforms 
is the implementation of photonic crystal. The refractive index of 
these structures changes periodically. If these periodic changes are 
in one, two or three dimensions, the formed crystal is called one-
dimensional, two-dimensional and three-dimensional photonic 
crystals, respectively. In fact, this is due to the similarity of the 
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Schrodinger equation in solid state physics and the Helmholtz 
equation in the field. In these structures, the refractive index in the 
Helmholtz equation plays the role of the electric potential in the 
Schrodinger equation. Therefore, the function of photonic crystals 
(structures with periodic refractive index) against photons is 
similar to that of semiconductor crystals (structures with periodic 
electric potential) against electrons [16-24].

In this paper, an all-optical switch structure based on photon 
crystal waveguides is proposed. The performance of this device has 
been analyzed by FDTD numerical analysis method [8,9]. Footprint 
The proposed structure is about 96 µm2; the switching power is 
about 0.98*Pin. At input power 0.98*Pin, the nonlinear effect on 
the structure starts and becomes stronger as the power increases. 
The unique feature of this structure is that the switching point is 
fixed to detect the on and off mode.

Design and analyze of proposed sensor

In this paper, the design and simulation of an all-optical switch 
based on photonic crystal using the nonlinear Kerr effect, is 
proposed. In this proposed structure, refractive index, radius of 
dielectric rods and radius of coupling rods are expressed as 3.46, 
109 nm, 112 nm respectively. This substrate is a cubic lattice of 
dielectric rods immersed in air. The PWE method is used to analyze 
and estimate the photonic band gap (PBG) of the proposed switch 
using Eq. (1) [25-27].

      Where ω is the frequency, c is the light velocity in vacuum, E is the 
vector of electric field and ε(x, y) is the relative permittivity, being 
a 2D-periodic function of two variables throughout this paper [28]. 
As shown in Figure 1, This proposed crystal has both TE and TM 
modes. The frst PBG is in the range of 0.287≤a/λ≤0.420 and the 
second one is in the range of 0.725≤a/λ≤0.742. The frst PBG, which 
is wider, is considered as the desired band gap. In this photonic 
structure, due to the selection of the functional wavelength in the 
center of the first band gap, a lattice constant of 528nm is obtained.

The transmission management of the output ports of this all-
optic switch is done using the coupling rods located in the L-shaped 
waveguide. The nonlinear Kerr effect is applied to the refractive 
index of the coupling rods. In this rods with nonlinear Kerr effect, 
the refractive index can be changed proportional to applied 
intensity. this variation can be calculated by the Eq.2. [29-31].

Figure 1: PBG of crystal with rods of dielectric constant 11.36 
and radius 0.2a.

Where I is the intensity of input signal, n0 is the linear refractive 
index and n2 is the nonlinear Kerr coefficient. 

Simulation of proposed sensor

Figure 2, (a) shows a structure of an all-optical switch using 
two coupling rods and (b) the variation of the output transmission 
spectral versus the input power values. Light signal enters the all-
optical switch through the input port using the Bus waveguide. The 
light entering the proposed structure through the bus-waveguide 
is transmitted to the output ports, inside the U-shaped waveguide 
using the radius and refractive index of the coupling rods. In this 
case, the switch point between the two output ports occurs at a 
power of 1W/um2. In both coupling rods located in the structure, in 
the power range of 0.63, nonlinear effects are created in the rods. 
As the input power increases, the nonlinear effect increases, and 
the transmission of port 1 after the switch point decreases and the 
transmission of port 2 increases.
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Figure 2: (a) The proposed all optical switch with on ring and 
(b) output diagram of the proposed structure when 0 ≤ Pin ≤ 

1.3.

In figure 3, the number of coupling rods in L-shaped waveguides 
is doubled. As the number of these rods increases, the nonlinear 
effects on the structure change the power of switch point of the 
two outputs. The nonlinear Kerr effects on the refractive index of 
the coupling rods, as shown in figure 3, occur at the input power of 
0.7W/um2. The switching point in this design occurs at the input 
power of 1W/um2.

Figure 3: (a) The proposed all optical switch with two ring and 
(b) Output diagram of the proposed structure when 0 ≤ Pin ≤ 

1.3.

Figure 4 shows the design of optical switches with three 
coupling rods in L-shaped waveguides. Figure 3 shows the output 
power in terms of input. The switching point and the activation 
point of nonlinear Kerr effects in the structure are two important 
points in this diagram. The switching point is created at input 
power 1W/um2 and the nonlinear effect activation point is created 
at input power 0.7W/um2. A very important point in this structure 
is that increasing the number of coupling rods has no effect on the 
displacement of the switching point.

Figure 4: (a) The proposed all optical switch with three rings 
and (b) Output diagram of the proposed structure when 0 ≤ Pin 

≤ 1.3.

Conclusion

In this paper, the design and simulation of an all-optical switch 
based on nonlinear Kerr effects is presented. As the input power 
intensity increases, the refractive index of the coupling rods 
increases due to the increase in nonlinear effects, causing a change 
in the output power intensity of the ports. In this proposed switch 
design, the switching point is completely independent of the 
number of coupling rods. The number of coupling rods is directly 
related to the power of the switching point.
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