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Abstract: The transmission characteristics of one-dimensional nonlinear-plasma photonic crystal structure have been
investigated. Polystyrene has been chosen as the nonlinear material. As the refractive index of nonlinear material is a
function of intensity, the central wavelength of transmission is also a function of intensity of the controlling wave.
Using this property, one can tune the central wavelength at a desired wavelength within certain range. This property
can be exploited in the designing of tunable all optical single channel drop filter for multichannel DWDM system in
optical communication.
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1. INTRODUCTION

Photonic crystals, which are the structured materials attracted much attention of researcher due to their unique
properties, which are not offered by the bulk materials [1-8]. Different types of materials are considered for the
design of photonic crystal structures. Replacing the dielectric material(s) by nonlinear material in the conventional
one dimensional photonic crystal can change the transmission characteristic of these photonic crystals. When
material of alternate layers of the conventional one dimensional photonic crystal are taken as non-linear refractive
index material, the optical characteristics of the structure got changed and such structures become transparent at
high intensity in that region of frequency for which the composite material is opaque at low intensity. Hence, in
this manner it can work as an optical switch [9-11]. Wavelength division multiplexer (WDM) is the key component
of modern optical communications systems. This component is used to divide and combine different wavelength
channels each carrying an optical data signal. Channel drop filters may be used in DWDM network to drop a
single channel. Various schemes are studied and proposed for demultipexing the DWDM/CWDM channels [12-
15]. But size of these devices should be on the order on centimeters to achieve a large number of sufficiently
spaced wavelength channels, which is very large in comparison integrated optical components. In this regard,
optical devices based upon photonic crystals offered attractive solutions. They have huge potential of applications
in modern high speed optical communication because of their unique characteristics and this may lead the
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design of miniaturized optical integrated components and devices with sizes on the order of several wavelengths
[16-19]. Cedric et al gave the design of a tunable demultiplexer using logarithmic filter chains [20]. This multiplexer
uses an apodized one dimensional photonic crystal structure on a ridged semiconductor waveguide. Gerken et al
fabricated the wavelength demultiplexer using the spatial dispersion of multilayer thin film structures [21].
They use a single 66-layer non-periodic thin film stake to separate four wavelength channels by spatial beam
shifting. They demonstrate that this device can demultiplex the channels with spacing of approximately 4nm in
the first transmission window of optical communication i.e. at 850nm wavelength.

In this present paper, a high-resolution and a tunable all optical single channel drop filter for DWDM
application using one dimensional nonlinear photonic crystal has been presented. Its operational principle is
based on a shift of the transmission band of the fundamental PBG mode in a one dimensional nonlinear photonic
crystal. The shift is realized by varying the intensity of the controlling wave. Here we considered that
electromagnetic wave incident perpendicular to the layers. The controlling wave, which produces the nonlinear
effect, is propagating perpendicular to the direction of propagation of the incident wave. Also, we considered
that the amplitude of the controlling wave much higher than the amplitude of the incident wave thereby we can
safely neglect the nonlinear effect of the incident wave on nonlinear layers. We shall rather confine our study
around 1550nm wavelength which is the lowest loss wavelength for optical communication. The structure proposed
has another advantage compared to earlier designs as it does not require apodization and the number of layers in
the structure is also less. So, the fabrication of the proposed structure will be comparatively easier. Also, the
line-width of transmission is also less in our case, which is suitable for DWDM application.

2. THEORETICAL MODEL

We consider one-dimensional nonlinear-plasma photonic crystals having alternate layers of nonlinear material
and micro-plasma as shown in Figure 1.

The Maxwell wave equations for electromagnetic wave propagation along the x-axis in one-dimensional
nonlinear-plasma photonic crystal may be written as
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Figure 1: Schematic diagram of a tunable all optical single channel drop filter
for DWDM application using one dimensional nonlinear-plasma photonic crystal.
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where, k =o/c is the wave frequency,

c is the speed of light,

o)p=(e2np/z»:0m)”2 is the electron plasma frequency with density n

n+Anl is the refractive index of the nonlinear material.

The schematic diagram of the spatial variation of micro-plasma and nonlinear material is given in Figure
1, where D = L(1 + d) is the lattice period with the widths of nonlinear and micro-plasma being L and Ld
respectively.

The general transfer matrix method [22] could not deal with the non-linear propagation problem in the
presence of other high intensity controlling wave. Hence, we adopted an approximate approach to considering
the nonlinearity. When the intensity of the controlling wave is high, the refractive index of nonlinear material
could be calculated with the consideration of the optical Kerr effect. Therefore, with the calculated refractive
index of polystyrene, the transmittance of the proposed photonic crystal at different intensities of the controlling
wave could be calculated. Xiaoyong et al. [23] has confirmed the convergence and the correctness of this
approximate approach. They pointed out that this approximate approach could lead to the right results. In this
simulation work, the wavelength of the controlling wave is considered to be centred at 1550 nm.

3. RESULTS AND DISCUSSION

In this section, working and transmission spectra for a one-dimensional nonlinear-plasma photonic crystal for
different intensities of the controlling wave have been presented. Polystyrene has been chosen as a nonlinear
material. Refractive index of polystyrene is taken as n=1.59+An I, where An, is the Kerr Coefficient of polystyrene,
An =1.12 x 10> cm*W [24]. The thickness of plasma layer is taken as L*d with plasma frequency 5.6 x 10"
Hz. Thickness ratios (Ld/L=d) has been take 0.01. In the proposed structure, we have taken the number of layers
for each material, N to be equal to 10 and thickness of polystyrene 7.5 x 10 m and of plasma 7.5 x 10xd m.
Here, “I” represents the intensity of controlling wave.

In the proposed structure, we have taken the number of layers for each material, N to be equal to 10. We
have analyzed the structure at four different intensities of controlling wave 0GW/cm? (low), 2.5GW/cm?, SGW/
cm? and 7.5GW/cm?. Transmission spectra of the proposed multilayer structure at different intensity of controlling
wave have been shown in Figure 2 and the corresponding data is tabulated in Table 1. Thus from Figure 2 and
Table 1, it is clear that if input radiation comprising different wavelengths ranging from 1545nm to 1555nm is
incident normally on the proposed structure in absence of controlling wave (i.e. =0GW/cm?), then it will only
pass a very narrow band of wavelength having a linewidth 0.44 nm and 1546.35 nm as the central wavelength;
and all other wavelengths will be reflected. So, we can extract a single channel from multi-channel system,
hence it can work as a single channel wavelength demultiplexer. More interestingly, this wavelength can be
tuned to a desired wavelength by varying the intensity of controlling wave. From Figure 2 and Table 1, it is clear
that the transmission peak centred at 1546.35 nm in absence of controlling wave has been shifted to 1549.07 nm,
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Figure 2: Transmission spectra of proposed structure at different intensity of controlling wave.

1551.8 nm and 1554.52 nm corresponding to different values of the controlling intensity, namely, 2.5GW/cm?,
5GW/cm? and 7.5GW/cm? respectively. Here, in this simulation work intensity of controlling wave has been
taken arbitrarily, so the central wavelength of the transmission narrow band can be tuned at any desired wavelength
by varying the intensity of the controlling wave. Further, it is also clear that as we increase the intensity of
controlling wave, the transmission narrow band shifts towards the higher wavelength region.

The variation of central wavelength of transmission with intensity of controlling wave has been shown in
Figure 3. It is found that the central wavelength of transmission changes almost linearly with the intensity of the
controlling wave. The average change in central wavelength of transmission is 1.09nm/(GW/cm?). Thus, by
changing the intensity of controlling wave, we can extract a desired wavelength. Here, in this simulation work
intensity of controlling wave has been taken arbitrarily, so we can tune centre of the transmission at any desired
wavelength within certain range by changing the intensity of controlling wave. Hence, the proposed structure
may be used as a single channel tunable dense wavelength division dimultiplexer. As the line-width of the
transmitted wavelength is 0.44 nm, so the proposed structure may be used to demultiplex the signal with 0.8 nm
separation, which corresponds to the ITU grid for DWDM.
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Figure 3: Variation of central wavelength with intensity of controlling wave.
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Table 1
Central wavelength and linewidth of the transmission range
Intensity of controlling wave (GW/cm?) Central wavelength(nm) Line Width(nm)
0 1546.35 0.44
2 1549.07 0.44
4 1551.80 0.44
6 1554.52 0.44

3. CONCLUSIONS

In conclusion, a simple design of a tunable all optical single channel drop filter for DWDM application has been
proposed. The proposed structure is based on the one-dimensional nonlinear photonic structure. It exhibits a
shift of the photonic band gap towards longer wavelength side, when the structure is subjected to a high intensity
controlling wave. Thus, the tuning of central wavelength has been achieved by the variation of the intensity of
the controlling wave, because the refractive index of the nonlinear material depends on the intensity of the wave.
It is also found that the central wavelength of transmission changes linearly with the intensity of the controlling
wave. So, we can use the proposed device as a tunable all optical single channel drop filter for DWDM application,
which can be easily integrated to the standard fibre optic technology. The proposed device may also be used as
optical switch, tunable monochromator, etc.
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