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ABSTRACT

Inthispaper designing of Narrow Band Passfilter which isbased on the Bi-periodic structure and its performance
is analyzed considering the knowledge of cavity as resonator with the optiFDTD™ software.

Keywords: Photonic crystals, resonator, cavity, FDTD method

1. INTRODUCTION

Photoni c crystal has the inherent property of
confining light into small region. So, they arevery
suitableto provideultracompact photonic components
[1], duetowhichwe canreducethesizeof theoptical
circuitsand promiseto revol utionizeintegrated optics.
Recently, photonicscrystalseither 2-D or 3-D which
has periodic structures, have attracted many
researchers due to the capability of controlling
€l ectromagneti c propagation and manipulating of light
propagation. Photonic crystalshavethenove property
of Photonlocalization and photonic band gap (PBG).
PBG istherange of frequency that thelight cannot
propagate in them. The PBG can be created by
Introducing point defects, line defectsor bothinthe
structure [1]. In past two decades, a mass of
theoretical and applied investigation of PCs was
proposed. Due to these attractive properties some
optica communication devicesusesphotoniccrysas,
such asthreshold Laser diode (LDs), Low lossand
sharp bend waveguides, Recently singlemodefibres
and Mach-zender interferometer [2] has been
proposed and fabricated. Several compact photonic
devicesbased on photonic crystal waveguides(PCWs)
has been demonstrated such as power splittery 3],

add-drop filter[4], power switches[5], triplexes
[6-7], dispersion compensator[8] etc. Also, PC
waveguidescan beimplemented asoptical filter into
wavel ength division multiplexers.(WDMs)[9] and
densewave ength division multiplexers(DWDMS).
Inoptica communication system significant progress
has been donein the area of compactness, highly
selectivity, wide spectra tenability, fast switchingand
low power switching [10].

Optical filtersare very essential componentsin
densewavel ength division multiplexing (DWDM)
system because they can act asamultiplexersand
demultiplexersto allow or reject singlewavelength.
TheBand Passfilter and Band Reect filter istheright
candidateto select and reject the particular wave ength.
Theimportanceof thesefilterissmal insize, easy to
control, and better selectivity. We can realize by
introducing linedefect (W1) or point defect.

2. PROPOSED METHODOLOGY

A novel 2-D photonic crystal based Band Pass
filter isproposed by introducing Line defect (W1)
and resonant cavity, whichiscreated by removal of
two or three adjacent air holes, areintroduced to the
lattice. The structure composed of a19x13 square
lattice of Silicon rodswith linear refractiveindex of
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3.14 at 1.55umwavelength. Therodsarelocated in
arwithradii of r = 0.4a whereaisthelattice constant.
A power of amplitude 1V/m of centered wavelength
at 1.55pumisinjected in the waveguide through Port
A. It is a Band Pass filter so; we want to get a
particular peak of wavel ength at the output port B.
Toincreasethequdity factor of thefilter, weintroduce
the cavity and by varying the size of cavity wecan
increase or decreasethe power level of thefilter at
the output port B.

3. SSIMULATION RESULTS

In this paper, thetwo-dimensional FDTD (2D-
FDTD) method isused to cal cul ate the spectrum of
the power transmission. Herewe used acomputer in
smulationis2.4GHz and has4GB RAM. Thefigure
of proposedfilteris showninbelow figure.
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Fig.1. Schematic Diagram of Photonic Crystal Based
Narrow Band Filter

The above figureisknown as bipolar structure
because, we have used two different L attice constant.
Now the structureswith two, three, four etc. period
act as a narrow band pass filter. We can see that
transmissonamplitudeof filter increased by increasing
thenumber of periodsin astructure. Firstly whenwe
do not introduce any cavity, theamplitude of theo/p
isnot so high it isapproximately half of the given
amplitude and the output isalso not anarrow it has
very large bandwidth.

Below Fig.2 (a) represent e ectricfield pattern and
Fig.2 (b) represent electric field reflection coefficient
of the proposed design. From thefigures, itisclear
that maxi mum transmission doesnot occur at desired
wavel ength. The main objective of thispaper isto
enhance the quality factor of the filter at desired
operating wavel ength and this can be achieved by
introducing photonic crystal resonator cavity.

Fig.2 (a). Electric Field Pattern of Waveguide
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Fig.2(b). Power VsWavelength Diagram of NBPF at
Output Port B

For increasing the efficiency of the filter and
improving the Bandwidth of thefilter, weintroduce
cavity inthewaveguide by removing threecrystals
from the waveguide. In Linear state, when the
frequency of the input signal is the same as the
resonant frequency of the cavity, that isf = 0.3816(c/
a), theinput light wave couplesto the cavity and there
Isno output power at the output port. Sincethe defect
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involvesremoving dielectric material of thecrystal,
the effectiverefractiveindex of the cavity decreases
and the modes movestowardsthe higher edge of the

gep.

From the above Fig.4. it is clear that we get
approximately 1V/m power at the output port and
the bandwidth of thefilter becomenarrow.

Fig.3. Schematic Diagram of Photonic Crystal Based
Narrow Band Filter

Then, itisseenthat theamplitude of thewaveguide
IS increasing so much. Recently, acavity whichis
introduced i n above mentioned waveguide structure
has been proposed asafilter inarectangular lattice
Photonic crystal waveguideof air holesindielectric
background asshownin Fig.3. Thestudies point out
that the quality factor (Q-factor) can beincreased by
varying the size and the number of air holesbetween
the cavity and waveguides.
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Fig.4. Power VsWavelength Diagram of NBPF at Output
Port B after Introducing Cavity
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Fig.5. Schematic Diagram of Photonic Crystal Based
Narrow Band Filter
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Fig.6. Power VsWavelength Diagram of NBPF at Output
Port B After Introducing Cavity

From the Fig. 5 & 6 one can visualize that by
introducing the cavity thequality Q factor of thefilter
getsenhanced and a so power increases so much and
the peak of wavel ength shifted by increasingthesize
of cavity.

4. CONCLUSIONS

Using theoretical analysisdesign of narrow band
passfilter based on Bi-periodic photonic crystal has
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been presented in thispaper. Our designed structure  [9  E.A. Camargo, H. M. H. Chong, and R. M. DeLaRue,
has acceptabl e narrow bandwidth and normalized “2D photonic crystal thermo-optic switch based on
transmission spectrafor the band-passand band-stop AlGaAs/GaAsepitaxia structure,” Opt. Express, vol.
filter arerespectively 95%. We can achievetunability 12 Pp' 588__592’ 2004. (2002), The IEEE website.
. . : . . [Onling]. Available: http://www.ieee.org/

by increasing the size of the cavity and altering the

refractive index of the bigger rods in biperiodic
sructure.
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