Accepted Manuscript

Digital
Communications
and Networks

Design and analysis of multi-channel drop filter using dual L Defected Hexagonal
Photonic Crystal Ring Resonator

D. Saranya, Shoba Mohan, A. Rajesh

PII: S2352-8648(17)30256-0
DOI: https://doi.org/10.1016/j.dcan.2018.11.001
Reference: DCAN 148

To appearin:  Digital Communications and Networks

Received Date: 2 August 2017
Revised Date: 1 August 2018
Accepted Date: 14 November 2018

Please cite this article as: D. Saranya, S. Mohan, A. Rajesh, Design and analysis of multi-channel drop
filter using dual L Defected Hexagonal Photonic Crystal Ring Resonator, Digital Communications and
Networks (2018), doi: https://doi.org/10.1016/j.dcan.2018.11.001.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.dcan.2018.11.001
https://doi.org/10.1016/j.dcan.2018.11.001

Design and Analysis of Multi-Channel Drop
Filter using Dual L Defected Hexagonal
Photonic Crystal Ring Resonator

Saranya B, Shoba Mohah Rajesh A
4School of Electronics and Engineering, VIT Universvellore, India
®College of Science and Engineering, Hamad Bin Kaalniversity, Doha, Qatar

ABSTRACT

In this paper, Dual L defected hexagonal Photomigstal Ring Resonator (PCRR) using
Channel Drop Filter (CDF) is designed for Coarsevélength Division Multiplexing (CWDM)
systems. In this structure, the external rods efrthg resonator are arranged in a hexagon and
the internal rods are removed in L arrangementrfivoducing the defects. The scatter rods are
used to prevent the leakage. By using the L deddutxagonal resonator, the multi-channel CDF
is designed, which exhibits multiple wavelengthsGWDM (1500 nm — 1600 nm) region. In
addition, the choice of the selection of the ratesand the position of the rods in the proposed
multi-channel CDF is validated by varying the radaf coupling beside scattering rods and the
position of resonators, respectively. By using plarave expansion and Opti Finite Difference
Time Domain (FDTD) method, the electromagnetic wanapagation and the photonic band gap
are obtained.

Keywords. Channel Drop Filter; Photonic Crystal Ring Resonator; Coarse Wavelength Division
Multiplexing; Finite Difference Time Domain.

l. INTRODUCTION

Photonic crystals are microscopically structuredemals, whose unique properties have
changed our view of optics and opened up new warygrbcessing of light. The photonic crystal
is composed of a periodic dielectric or metallokeb&ric nanostructures that affect the
propagation of electromagnetic waves in the samg was the periodic potential in the
semiconductor crystal affects electron motion bffnileg and allowed electronic energy bands.
Photonic crystals contain regularly repeating regiof high and low dielectric constants. The
photonic crystals are of three types, namely, 1I,ghd 3D photonic crystals. Among them, the
Two-Dimensional Photonic Crystals (2DPC) have atéd more towards the design of optical
devices than the counterparts as they have bettgregies like the confinement of light,
efficient control of spontaneous emission and efadyication. In 2D, the devices can be
triangular or square lattice and the lattice maydakor hole type.

Photonic Crystal Ring Resonator (PCRR) consistawaf waveguides, namely, bus
waveguide and drop waveguide. When the input signgiven in the bus waveguide, it couples



through the resonator that is sandwiched betweenvib waveguides and it is dropped in the
drop waveguide [1-2]. In [1], a Channel Drop Fil{@DF) using 2DPC with a triangular lattice
of dielectric rods in air substrate is analyzeadbpts the structure of X to design the CDF. This
structure exhibits a forward drop efficiency of ¥W@nd an approximate quality factor of 1000.
In [2], Square lattice dielectric rods are usedésign a channel drop filter. Here, a single cavity
is used to move power from one waveguide to anptitgich is designed to support degenerated
modes with opposite symmetry. In [3-5], three-pdrannel drop filters are designed using single
defect and spectral characteristics of the wavegoalpled ring are analyzed. However, these
structures are limited to drop three wavelengtles gitven time.

In [6], a 2D triangular lattice in the plane is dg®d that will display a wider band gap
than square lattice. In [6], the degenerated médesthe light in vertical direction and couples
equally in the waveguide. Alternatively, the authan [7] have utilized the quasi-square ring
PCRR to achieve a high spectral selectivity angbpiray efficiency. Optical channel drop filter
using dual curve PCRR is constructed using dualetliFabry Perot resonators is discussed in
[8]. However, this structure exhibit low drop eféocy. For CWDM systems, add drop filter
using hexagonal rods are explained [9]. Here, tleaponal rods are positioned in a square
lattice and it resonates at 1511 nm. To achievé kligppping efficiency and quality factor,
channel drop filter is designed using ellipticalgs in square lattice photonic crystals [10]. In
[10], 2D PCRRs CDF is designed in triangular latgdotonic crystal. However, these structures
do not support multi-channel channel drop functiibna

A multi-channel drop filter using 2D hetero photomirystal is suggested in [11]. This
structure drops a maximum of four channels at 1516 1536 nm, 1559 nm, and 1583 nm.
However, the structure is realized by cascading fitter units that may result in drop stage of
filtering. The design of a channel drop filter ugpia fractal shaped resonator has been discussed
in [12]. For a wavelength of 1542.02 nm, the filexhibits a drop efficiency of 91.70% for a Q
factor of 1078.93. The authors in [13] have desigael shaped channel drop filter based on
PCRR, which exhibits a drop wavelength of 1551 mhe design of multi-channel drop filter for
Dense Wavelength Division Multiplexing (DWDM) hasdn discussed in [14]. Here, the effect
of crosstalk in channel drop filter is analyzedvigvelength-selective reflection feedbacks.

Tunable multi-channel drop filter has been analyirefd 5] that utilize the effect of oval
defects. The resonant frequency is adjusted bydfation angle of oval rods. Using embedded
photonic crystal ring resonator, an ultra-narronndachannel drop filter with distributed
coupling has been discussed in [16] for DWDM systefrhe silicon rods are arranged in the
square lattice to obtain a wavelength of 1550 nchtae number of drop lines is limited to three
with 600 pm channels spacing. The authors in [1&}ehdesigned a photonic crystal based
optical filter using triple cavity transmission thdisplay narrow channel transmission in second
and third optical fiber windows. Although variousustures have been discussed in the literature
for channel drop filter, they do not exhibit mybdrt structure with multiple wavelengths [18].
Hence, this paper investigates the design of aispait multi-channel add-drop filter for
CWDM systems.

The paper is structured as follows: Following thiefointroduction and related works in
the design of photonic devices, a detailed analySihe proposed structure is given in Section
Il. The realization of the proposed structure farltmCDF design is discussed in Section Ill. The



simulation and discussion of the proposed L detebexagonal PCRR design is carried out in
Section IV. In Section V, finally, we discussed t@nclusion.

II. DESIGN OF PROPOSED DUAL L DEFECTED HEXAGONAL PCRR

In this section, the channel drop filter is desjsing the principle of photonic crystal
ring resonator. The proposed design structure Bag&3Bsilicon rods. It has an air refractive
index of 3.4 in a triangular lattice. The photoaigstal ring resonator has a lattice constantfa’ o
650 nm with a radius ‘r' of 0.38xa. The dielectconstant ¢’ is set as 11.56 for dielectric rods.
The wavelength range in the waveguide mode regmresponds to a range of values from
0.317aA<f<0.469aA, whereA is the wavelength of light in free space as showfigure 1. The
wavelength range obtained is 1388<1A%2044 nm and the resonant wavelength is chosen as
1550 nm for CWDM systems.
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Fig. 1. Region of photonic band gap for the proposed &irac

The proposed structure is based on the 2D trian¢attice. The designed PCRR has two
waveguides. One is the bus waveguide and the otlaseguide is drop waveguide. The
proposed dual L defected hexagonal structure idvgighed between these two waveguides. The
superior waveguide is the bus waveguide and thefaotemain drop waveguide. As seen in
Figure 2, the port ‘A’ is taken as an input terniin@ort ‘B’ is taken as transmission terminal,
and the port 'C’ and port 'D’ is taken as backwardl forward dropping terminal respectively.
In the proposed design, when the optical inputaigsn sent through the port ‘A’ it is coupled
with the hexagon shaped resonator and droppedmwaveguide i.e., in ‘C’ backward port. To
avoid direct transmission, transmission reflecamsplaced in the bus waveguide i.e., in the port
‘B’. The external layer and the internal layer espond to the structure of hexagonal and dual L
assembly, respectively.



Transmission terminal

dddddddddddddddddddddddd d
al ffff")”'f"f’f?’f?’f?’ __ ______ rrry

g| . Reflectors
— Coupling rods

Input terminal <&

""m"‘."m‘l"" I'”m"' — Scatter rods
Ifl‘l‘lf"ﬂ””ﬂfﬂ#ﬂllﬂlf

BackwarddroppingeC—L’ I’ vl/ 'l’ ‘l’ / , , ,’, vl, r/ / ‘1/ /[D
efficiency 4 (d 4 t

Forward dropping efficiency

Fig. 2. Schematic representation of the proposed duaféctkd hexagonal PCRR

In Figure 2, the coupling rods are indicated in cetbr and they are used to couple the
input signal from bus to drop waveguide with theiua of 0.25a and the scatter rods are
indicated in green color and they are used to avtbal leakage of light which has been
configured with the radius of 0.3a. These pointedefadvantage from for efficient signal
coupling and avoids signal outflow. With these dagparameters, the input signal from the port
A is coupled using coupling rods and it is droppethe port C. Here, we can infer that when the
input is given in the port A, it is coupled and piped in the port C. The dropping efficiency is
equal to 100%. By using this basic design, we hdssigned the multi CDF. This design has a
significant wavelength of 1550 nm.
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Fig. 3. (a) Transmission diagram (from port A) and (b) gutitspectrum of L defected hexagonal PCRR.



The simulation is carried out in Transverse EledffiE) mode. The input signal from the
port ‘A’ is coupled in the proposed structure amdpgbed in the port ‘C’ with 100% backward
dropping efficiency and it obtains high bandwidilme transmission diagram for the wavelength
of 1550 nm from the input port is shown in Figura3 When the input signal is given from the
Port A, it starts to propagate the light in the bussseguide. Reflectors are placed in port B to
avoid transmission. Hexagonal shaped resonatorplaced between the bus waveguide and
drop waveguide. In the resonator, coupling rodsuaesl to couple the light and the scatter rods
are rods are used to avoid leakage. The input Isfgogra the port A is transmitted through the
resonator and dropped in the port C with 100% drappfficiency. It achieves high bandwidth
at the resonant wavelength of 1550nm as showngur€&i3(b).

[1l.  REALIZATION OF MULTI-CDF DESIGN

In this section by using the abovementioned basiectire, the multi-port CDF is
realized. Here, three L defected hexagonal PCRRBRsed by an inclined arrangement. The
resonators used in the structure are designat®&basRS2, and RS3. In the proposed structure,
one bus waveguide and three-drop waveguides atk Tke radius of coupling and scatter rods
are 0.2a and 0.25a, respectively. In multi-port CEe input signal is given in the bus
waveguide where the signal is coupled in the hexally shaped resonators and it is dropped in
the drop waveguide. Interestingly, the proposedtipolt structure is designed to drop at
various wavelengths from 1500 nm to 1600 nm, whiekke it more suitable for the CWDM
system. In addition, a maximum number of bandwidthachieved at a different wavelength
with high dropping efficiency. The wavelengths espond to 1.554 nm, 1.563 nm, and 1.57 nm.
The design of multi-port CDF in Figure (4-a) ance tbutput spectrum is displayed in
Figure (4-b). Here, Port A is the bus waveguideiciwvhiepresents the input port. The signal is
passed at the input port from Port A which it engferred to all the three resonators and then it
is coupled and the wave is dropped at the backwar of all resonators. Resonator 1,
Resonator 2 and Resonator 3 achieve high bandatdtie wavelength of 1.565 nm, 1.569 nm,
and 1.554 nm, respectively.
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Fig. 4. () Schematic design of multi-port CDF and (b) gtitspectrum of multi-port CDF
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Effect of the change in the position of resonators in multi CDF: In the multi-port CDF, the
position of Resonator 1 (RS1) is modified, whertes other two resonators are kept constant.
By changing the position coupling and scatteringlsraof each resonator, the maximum
bandwidth is achieved at a different wavelengthe Tad color in Figure 5 (a) displays the
changes in the position of the rods at Resonat8iriilarly, the change in the position of rods at
Resonator 2 (RS2) and Resonator 3 (RS3) is showig(h-b) and Fig(5-c), respectively.
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Fig. 5. Change in the position of the rods in (a) RSIRBR and (c) RS3

Effect of the change in the radius of the resonator in multi CDF: In addition to the position of

the resonators, the radius of coupling rod andtexcabds of resonatorl (RS1) is modified to
0.25a and 0.3a respectively, whereas, the raditiseobther two resonators is kept constant. By
varying the radius of rods in each resonator, t@imum bandwidth is obtained at a different
wavelength. The red color rods represent the clgaafj¢éhe radius in coupling rods and orange



color rods shows the changes in the radius of escatids in Resonatorl, which is shown in
Fig(6-a). Similarly, the effect of the change i ttadius of the rod is carried out in Resonator 2
and Resonator 3 as shown in Fig (6 -b), and Fig)6respectively. Such variations provide the
change in the wavelength and bandwidth at the uanmrts of the multi-port CDF.
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V. SIMULATION RESULTSAND DISCUSSION

The output spectrum of the multi-port Dual L DetgtHexagonal Photonic Crystal Ring
Resonator with changes in the position of rods egdRatorl is shown in Figure 7. The wave
with different color represents the output of tloewfard and backward port of all the three



resonators. Here, the ‘WL’ refers to the wavelengiitained at the various port of multi-port
CDF. It has been observed that with a change ipdiséion of RS1, the wavelength WL1, WL2,
WL3, WL4, WL5 and WL6 corresponds to 1.52, 1.537538, 1.557, 1.565 and 1.567
respectively. WL2 and WL3 overlap and the similaersection is seen among WL3, WL5, and
WL6. Hence, the change in the position of the R8&sdnot provide distinct wavelength in all
the ports of the proposed multi-port CDF.
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Figure 8 displays the output spectrum of the chaimgéhe position of the rods at
Resonator2. As compared to the change in positioth® RS1, the RS2 provide distinct
wavelengths in all the six ports. The wavelengthslyYWVL2, WL3, WL4, WL5, and WL6
correspond to 1.523 nm, 1.533 nm, 1.542 nm, 1.5831n567 nm and 1.581 nm, respectively. In
addition, as compared to RS1, the maximum amoupbwafer is coupled with the change in the
position at a rod RS2. The output spectrum for gkan the position of the rod at Resonator3 is
shown in Figure 9. As seen from the curves, althahg WL1, WL2 and WL3 at 1.536 nm, 1.55
nm and 1.567 nm, respectively is obtained withowt averlapping, the WL4, WL5 and WL6
overlap. Hence, this structure is also not preteffier realizing multi-port CDF. The output
spectrum of the changes in the radius of the cogptods and scatter rods of Resonatorl,
Resonator2 and Resonator3 are shown in Figurei@Qre=11 and Figure 12, respectively. As
seen from the various curves, it could be infethed the change in the radius of the rods at RS2
performs better than that of at RS1 and RS3. At,R82wavelengths WL1, WL2, WL3, WL4,
WL5, and WL6 correspond to 1.544 nm, 1.554 nm, 3.4, 1.575 nm, 1.584 nm and 1.586 nm
respectively. Although the tail of WL5 and WL6 elits overlapping, this structure provides
better dropping characteristics as compared to &81RS3.

\Y CONCLUSION

In this paper, dual L hexagonal shaped PCRR isamphted and they are designed by
an optical channel drop filter in triangular lagtiphotonic crystal silicon rods. The proposed
structure gives 100% backward dropping efficieneyd aa high bandwidth at a resonant
wavelength of 1550nm. By varying the position ofigling and scatter rods in the resonators in
multi-channel drop filter and by changing the radiof the coupling, scatter rods in each
resonator, 12 distinct wavelengths are obtaineaiguie multi-port CDF.
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