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A novel proposal for all optical amplitude shift keying
demodulator using photonic crystal based nonlinear

resonant cavities
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In this paper a new structure was designed for realizing an all optical amplitude shift keying demodulator. Firstly a nonlinear
optical demultiplexer was designed using four nonlinear resonant cavities, which were created by adding doped glass rods
inside the cavity. Then the final structure was created by properly connecting the end sides of the output waveguides of the
nonlinear demultiplexer. When the optical intensity of the input signal is 1, 2, 3 and 4 W/um? the proposed structure can
generate 00, 01, 10 and 11 codes at the output ports. The structure has maximum delay time of 11 ps.
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1. Introduction

Considering current trends in communication industry,
which has convinced most of the researchers that
conventional electronic based systems and networks cannot
cope the ever increasing bandwidth and processing speed
requirements [1]. Therefore a faster solution with high
bandwidth is required to be replaced with electronics. It has
been shown that currently the best choice is using optical
waves and photons instead of electrons and electronics [1].
It has been proven that optical waves and photons can be
used for carrying data like electrons but with more speeds
and bandwidths.

Photonic crystals (PhCs) [2,3] are one of the promising
candidates that can be used for controlling optical waves
and photons. A typical PhC can be realized by periodic
arrangement of dielectric rods or layers in one, two or three
dimensions [4,5]. The main result of periodicity of
refractive index in PhCs is photonic band gap (PBG) [6,7].
PBG make them capable of controlling the propagation of
optical waves and photons [8]. By imposing suitable defects
inside the periodic structure one can create optical
waveguides [8], resonant cavities [9-12] or ring resonators
[13-19]. It has been shown that a large variety of optical
devices can be created simply by properly combining
optical waveguides and resonators [20-24].

In digital communications the data and information are
delivered in from of digital codes. Amplitude shift keying
(ASK) is a digital modulation technique in which optical
digital codes can be sent by using different amplitudes for
the optical carrier signal. When the codes are sent by means
of different amplitudes and optical ASK demodulator is
required to translate these amplitudes into digital codes.
Recently an all optical PhC-based phase shift keying
demodulator was proposed by Karimzadeh and Andalib
[25]. The proposed structure is capable of generating 1-bit
codes based on the initial phase of the input optical signal.

The working principle of the proposed structure is based on
constructive and destructive interference of optical beams.

Both analog to digital converters and amplitude shift
keying demodulators generate digital binary codes. The
Difference is at the type of their input signals. For the
analog to digital converters the input signal is an analog
continues signal, but for ASK demodulators the input signal
is a digital discrete signal.

In this paper we are going to design and propose a 2-
bit all optical ASK demodulator using nonlinear resonant
cavities inside 2D PhCs. Nonlinear resonators that can be
created by adding Ker type materials inside the cavities
[26,27] or rings [28] are very popular for designing optical
digital devices like logic gates [29-32], decoders [33-36],
adders [37-40], comparators [41-43], multiplexers [44] and
etc.

2. Nonlinear optical demultiplexer

A nonlinear optical demultiplexer is required to
separate different optical amplitudes from each other. For a
2-bit optical ASK demodulator four different levels of
optical amplitudes should be separated, this can done using
a 3-channel nonlinear optical demultiplexer. The required
nonlinear optical demultiplexer was designed using a 31*31
2D PhC consisted of Silicon rods surrounded by air. The
radius of the rods and the lattice constant of the structure are
102 nm and 508 nm respectively. Nonlinear cavities are
used as the wavelength selecting section of the structure.
These nonlinear rods are consisted of two nonlinear rods.
The nonlinear rods are made of doped glass, whose linear
refractive index and Kerr coefficient are 1.4 and 10 m?/W
respectively [45].

For designing the required demultiplexer we used four
nonlinear cavities. The radius of nonlinear rods for C1, C2,
C3 and C4 cavities are 80, 75, 70 nm and 70 nm
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. 2. The output spectra of the nonlinear demultiplexer for
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Fig. 3. The optical behavior of the nonlinear demultiplexer for
different optical intensities (color online)

3. All optical ASK demodulator

After designing and obtaining proper functionality of
the nonlinear optical demultiplexer as the first and the main
stage of the demodulator, we designed and implemented the
final structure for the optical ASK demodulator. The finals
structure was realized inside the 2D PhC structure
composed of 51 rows and 31 columns of Silicon rods with
square lattice. All the structural parameters are the same as
the nonlinear optical demultiplexer. As we know a typical
2-bit demodulator has 2 output ports. The most significant
bit (MSB) output should be ON when the optical intensity
of the input signal is 3 or 4 W/um?. And the least significant
bit (LSB) bit should be ON when the optical intensity of the
input signal is 2 or 4. In order to implement such a
functionality we connected the end sides of C1 and C3
output waveguides to the LSB output port, labeled as O1
and similarly connected the end sides of C2 and C4 output
waveguides to the MSB output port, labeled as O2. The
final structure is shown at Fig. 4.

The proposed structure was simulated for four different
values of optical intensities using optical signals with
central wavelengths of 1550 nm. The distribution of optical
fields and the time response diagrams of the final structure
were obtained using finite difference time domain methods.
As discussed in the previous section when the optical
intensity of the input signal is 1 W/um?, none of the
resonant cavities can drop the optical waves because their
resonant modes don’t match with the central wavelength of
the input signal. Therefore as shown in Fig. 5 no optical
waves can reach the output ports and both of them will
remain OFF and the amount of normalized power at both of
the output ports is less than 1%.
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Fig. 4. The optical ASK demodulator (color online)
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Fig. 5. (a) The optical behavior and (b) the time response of the
ASK demodulator when the input intensity is 1 W/zm? (color
online)

In the second case when the optical intensity of the
input signal is 2 W/um?, due to increase in the refractive
index of nonlinear rods the resonant mode of the cavities
shift toward higher wavelengths, so the resonant
wavelength of C1 matches with 1550 nm and it can drop the
optical waves and guide them toward O1. As a result as
shown in Fig. 6 in this case O1 is ON and O2 is OFF. The
amount of normalized power at O1 and O2 are 90% and 0%
respectively. The rise time for O1 is about 11 ps.
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Fig. 6. (a) The optical behavior and (b) the time response of the
ASK demodulator when the input intensity is 2 W/um? (color
online)

In the third case when the optical intensity of the input
signal is 3 W/um?, due to increase in the refractive index of
nonlinear rods the resonant mode of the cavities shift
toward higher wavelengths, so the resonant wavelength of
C2 matches with 1550 nm and it can drop the optical waves
and guide them toward O2. As a result as shown at Fig. 7 in
this case Ol is OFF and O2 is ON. The amount of
normalized power at O1 and O2 are 0% and 90%
respectively. The rise time for O2 is about 11 ps.
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Fig. 7. (a) The optical behavior and (b) the time response of the
ASK demodulator when the input intensity is 3 W/um? (color
online)

In the last case when the optical intensity of the input
signal is 4 W/pm?, due to increase in the refractive index of
nonlinear rods the resonant mode of the cavities shift
toward higher wavelengths, so the resonant wavelength of
C3 and C4 match with 1550 nm and they can drop the
optical waves and guide them toward O1 andO2. As a result
as shown in figure 8 in this case both O1 and O2 are ON.
The amount of normalized power at O1 and O2 are 45% and
45% respectively. The rise time for O1 and O2 is about 11

ps.
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Fig. 8. (a) The optical behavior and (b) the time response of the
ASK demodulator when the input intensity is 4 W/um? (color
online)

As the simulation results show the proposed structure
can convert four 2-bit codes based on the optical intensity
of the input signal. The maximum rise time of the proposed
structure is about 5 ps. The minimum normalized power for
logic 1 and the maximum normalized power for logic O are
45% and 2% respectively. Therefore the contrast ratio of the
proposed structure will be 13.5 dB.

4. Conclusion

A nonlinear optical demultuplexer was designed as the
first stage of the optical demodulator. The nonlinear
demultuplexer was designed using 4 nonlinear cavities,
according to the simulation results when the optical
intensity of the input signal is 1 W/um?, none of the cavities
can drop the optical waves. For the optical intensity being 2
W/um? and 3 W/um?, C1 and C2 can drop the optical waves
and finally both C3 and C4 can drop the signals with the
optical intensity being 4 W/um2. The final structure is
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capable of creating four 2-bit codes based on the amplitude
of the input signal. According to the simulation results for
the final structure the maximum rise time is about 11 ps.
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