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Abstract

In this paper, two dimensional photonic crystal based Add Drop filter is designed for DWDM
applications. The existing work concentrate in Coarse Wavelength Division Multiplexing
(CWDM) and few filter design with DWDM with non-uniform channel spacing, and low
quality factor; . The proposed Add Drop Filter (ADF) enhances the quality factor using
Rounded Square Ring Resonator (RSRR) for ensuring efficient bandwidth in supporting
WDM systems. The design consists of bus waveguide, drop waveguide and RSRR with inner
quasi-square ring in the square lattice while dielectric constant of the Si rod is 11.68 which are
hosted in the air. The line defect was created by removing 4 rods (Quasi ring) in the center of
the inner square ring. The line defects in the cavity help to reduce the radiation field
components surrounded by the resonator. The proposed design drops the unique wavelength
1636.2 nm from a spectrum. The performance parameters of ADF are investigated using 2D
Finite Difference Time Domain (FDTD) algorithm. The proposed ADF drops the narrow
bandwidth of 0.7 nm, high quality factor of 2337, dropping efficiency (ON State) of 100 %,
which is highly sufficient to support WDM systems for future Photonic Integrated Circuits
(PIC). Further, the impact of functional parameters such as transmission efficiency, quality
factor, bandwidth are investigated by varying the structural parameters, namely, adjacent rod
radius, scatterer rod radius, coupling rod radius, lattice constant, inner rod radius and rod

radius. The size of the device is 412.76 um?.
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1 Introduction

The Optical fiber communication sends the information with the pulses of light with
less Bit Error Rate (BER) and high Signal to Noise Ratio (SNR) compared with the Radio
Frequency (RF). In optical communication, the Single Mode Fiber (SMF) transfers the light
for long distance and reaches the receiver end and hence the wavelength drop and added to
the filter. Existing optical drop filter designs are as given by Fabry-Perot cavity (Tran et
al.1996), gratings (Kersey et al.1993), interferometers (Wooten et al.1996) and the microwave
ring resonator by Sun (2011). Nevertheless, this technology has limits in crosstalk, with low
quality factor, more bending loss, low speed, and footprint in millimeter. The Photonic
technology reduces the limitations and supports the ultra-high speed information processing,

on nanoscale devices for integrating in PIC.

The Photonic crystal (PC) is a man-made artificial crystal, made of periodic dielectric
material in space, acts as a potential barrier for the electromagnetic waves (Joannopoulos et
al.1997). The PC allows and forbids certain waves to design any applications within the
structure. The Photonic Band Gap (PBG) is a needed property in the PC. The incident light in
PBG cannot propagate in the crystal, however; the light can be allowed to propagate with
breaking the periodicity in the PC, introducing the defect in the PC allowing the
electromagnetic waves to confine strongly based on the defects. So, based on the defects the
PC guides the select resonant frequency in spite of tunneling effect. The defect is classified as

line defect for designing waveguides and point defect for the resonator.

The kind of PC classified as one-dimensional (1D). The 1D was reported in 1887 by
Lord Rayleigh, but it took another 10 decades to introduce the 2D and 3D PC by Thomas
Krauss. The 2D PC provides better PBG compared with a 1D PC to provide high speed
information processing. Also, the 2D fabrication is simple compared with 3D PC. Therefore,
the 2D PC is a better choice for designing optical devices due to many advantages such as
nano size, complete PBG and better light manipulation to integrate in PIC. The 2D PC design
with diverse components like LASER (Meier et al.1999), filter (Fan et al.1998), sensor (Fenzl
et al.2014), demultiplexer (Balaji et al 2016), logic gates (Zhang et al 2007), encoder
(Mehdizadeh et al.2017), Micro ring resonator (Ali Shahidinejad et al 2018), Add Drop filter
(Joannopoulos et al.1997; Hsiao et al.2009; Mahmoud et al.2012; Rajasekar et al.2018;
Sathyadevaki et al.2017; Qiang, et al.2004; Alipour-Banaei et al.2014; Robinson et al.2018;
Rezaee et al.2018; Rashki et a.2017; Chhipa et al.2016, Alipour-Banaei et al.2014; Massoudi
et al.2019) and etc.



One of the important components to work in the Wavelength Division Multiplexing
(WDM) system is ADF. The filter drops the desired wavelength, through the remaining
spectrum to the optical communication network. The filter used in Photonic switches (Beggs
et al.2008), Modulators (Jiang et al.2005). In the literature survey optical filter designed in
Square lattice (Joannopoulos et al.1997) and Hexagonal lattice (Joannopoulos et al.1997)
using resonant cavity like Hexagonal (Hsiao et al.2009) shape, X shape (Mahmoud et
al.2012),Trapezoid shape (Rajasekar et al.2018), Square shape (Sathyadevaki et al.2017),
Quasi square shape (Qiang, et al.2004; Alipour-Banaei et al.2014),Circular shape(Robinson
et al.2018), H shape (Rezaee et al.2018), Flower shape (Rezaee et al.2018), Curved Fabry
Perot shape (Rashki et a.2017), Elliptical shape (Chhipa et al.2016), and Super Elliptical
shape (Massoudi et al.2019).

From the literature survey, it is inferred that most of the drop filters are designed using
different shapes of the resonant cavity. Many designs provide better performance in drooping
efficiency and device size. However, the parameters like Q factor and narrow spectral
linewidth need the improvement in the ADF to meet the ITU standards for on demand
applications like Voice over IP high-speed internet, and High Definition Television (HDTV).
Hence, in this paper, a new square shape ring resonator Add Drop Filter is proposed. The
proposed filter design to work with constructive interference to obtain the high dropping
efficiency (>99%), narrow spectral linewidth (0.7 nm), and high Q factor (2223) at resonance
wavelength of 1636.2 nm 1is reported. The high Q factor is obtained with increasing the rod

between waveguide and cavity (Fan et al.2002).

Further, the proposed filters are investigated and reported with structural parameters to
tune the different strong resonant wavelengths to improve the utilization of the device in
many applications. The Band gap analysis of the proposed filter before and after the defects
are studied with Plane Wave Expansion (PWE) Method (Shi et al.2004) and The dropping

spectrum and transfer spectrum measured through the FDTD algorithm. (Qiu et al.2001).

The paper is organized as follows; The section 2 discusses the structural parameter and
gap map analysis for the lattice. The proposed design and working principle are discussed in
section 3. The section 4 discusses the simulation results for add drop filter. Investigation of
the tuning mechanism for the drop filter is discussed in section 5. Finally, the section 6

concludes the paper.

2 Photonic Band Gap Structure
A semiconductor is a promising material for manufacturing electronic devices due to
the presence of Electronic Band Gap. The photonic device emerges due to the existing

Photonic Band Gap (PBG) in selected semiconductor material in order to design the optical



communication devices. Nonetheless, these materials should have two properties for optical

manipulation such as high refractive index contrast and suitable for nanofabrication.

The proposed Add Drop Filter (ADF) design with a square lattice array of periodic
dielectric rods with high refractive index of 3.19, regular radius of rod of 130 nm, Period
(lattice constant) of 650 nm which results in useful Photonic crystal band gap for realizing
optical device. The periodic dielectric rods permit the Transverse Electric (TE) wave through
which Magnetic field parallel to the rod. The proposed filter is designed with the dimension of
35 x 28 in X and Z direction. The PBG before defects is calculated using the PWE and is

given in Fig.1.

The band diagram of proposed ADF consists of two TE PBGs, first TE PBG
normalized frequency in the range of 0.296<a/A<0.432 and wavelength between 1504 nm to
2195 nm, which covers a wide range of optical communication band that are genuinely used
for designing optical network devices. The second TE band gap varies from 0.746< a/A 0.763
and corresponding wavelength are 851 nm to 870 nm, which is outside the optical

communication window and hence not preferred for the proposed design.

TE/TM Band Structure
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Fig.1 PBG before introducing the defects
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Fig.2 Effects of normalized frequency with respect to the rod radius
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Fig.3 Effects of normalized frequency with respect to the lattice constant (period)
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Fig.4 Effects of normalized frequency with respect to the refractive index difference (delta)
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Fig.5 Band gap diagram after introducing line and point defects

The optimization of structural parameter with normalized frequency is calculated

using PWE method. The structural parameter of rod, lattice constant (period), refractive index



(delta) to be optimized in the wavelength range of the optical communication wavelength. In
the Fig.2, the optimized rod radius (R) for the proposed filter is 130 nm and lattice constant
(a) tuned to 650 nm is shown in Fig.3, and refractive index is optimized with 3.19 for the
signal of interest is shown in Fig.4. The guided mode after introducing the defects in the
lattice is shown in Fig.5. At resonance frequency, the resonant wavelength tunneling in the

PBG is based on the defects.

3 Rounded Square Ring Resonator based Add Drop Filter
3.1 Basic Mechanism

Fig.6 shows the architecture of the WDM network. The four different wavelengths
with the spectral linewidth of 0.8 nm arrive from the main office. The SMF is used as medium
from the main office to transfer the user data to receiver end for the different applications. The
ADF is a prominent device in the network to select or drop the desired wavelength to the

network without disturbing the other wavelength from the SMF (Park et al.2004).

Fig.6 Schematic representation of WDM network with Add Drop Filter

ADF plays an important role in fiber communication systems. ADF consists of the
four ports, namely, Port A, Port B, Port C and Port D .The Port A is the input port, Port B is a
Transmission Port, Port C is a backward drop port, and Port D is a forward drop port. The
basic structure of ADF consists of ring microcavity and side couple two optical waveguides,
resonant cavity slot in between the waveguides. For communication applications, the ADF
works in two desirable functions like ON and OFF state. The input Port A allows the WDM
signal (A1 A2 A3 M) (Refer Fig.6.) in the ADF.

In ON state, unique resonant frequency (A1) get resonance inside the cavity,
completely (100 %) light signal transfer to drop waveguide (Port C) via resonant cavity with
the principle of the Photonic Tunneling effect. The signal coupling to drop waveguide based
on the structural parameters like regular rod radius, scatterer rods, coupling rods and adjacent

rods. The maximum efficiency of light can be transferred from the bus waveguide (Port A) to



drop waveguide (Port C) through cavity should follow the condition kd=(n+1/2) &, where; k is
the wave vector, n is the integer, and d is the distance between the two optical cavities.
However, the Transmission Port (Port B) transfers all other wavelengths other than the
resonant frequency and zero power transmission in Forward drop (Port D) port which is
shown in Fig.7(a). In OFF state, signal is not transferred between the Bus waveguide and drop
waveguide. The signal lies in the bus waveguide at Transmission port (Port B) which is

shown in Fig.7(b).

Port A > Port B

Port C+ 4 Port D

(a)

Port A » PortB

&

-

Port C PortD

(b)
Fig.7.ADF response at (a) ON state (b) OFF state
3.2 Proposed Add Drop Filter
The proposed RSRR ADF is shown in Fig. 8. The filter is designed with rounded

square ring resonator with four ports. The line defect is introduced in 2D PC lattice to design
bus and drop waveguide. The RSRR allows the electric field waves to build a round trip with
the phase shift of 2n for the different waves, which provide constructive interference. The
interference in the cavity provides a high resonant peak in certain frequency. The RSRR
designed by removing the 9 rods on each side to bring the square shape cavity and 4 scatterer
rods in the corner it shapes the rounded shape square cavity. Inner ring design with 32 rods
and 4 center rods removed to design quasi square. The entire structure of the structural

parameter uses the regular rod radius of 130 nm. The removal of center rod influence to



reduce the radiation field scattering, which help to enhance the coupling efficiency to the Port
C. The single rod placed at each corner of square act as scatterer rods (R3) which is
highlighted in green color it minimizes the scatter loss, and back and forth reflection waves

improve the resonator performance.
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Fig. 8 Proposed Rounded Square Ring resonator based Add Drop filter

The coupling rods (R1) in the outer edge of the square cavity help to couple the
photons to the drop (Port D) and add (Port B) waveguide port which is highlighted in dark
black and blue color. The coupling rod radius is important to get higher coupling efficiency
and it provides the better confinement of signal to drop waveguide. The coupling rod radius
varied from 129 nm - 133 nm to find the best rod radius with transmission efficiency is shown
in Fig.14.

The coupling rod radius (130 nm) provides the higher dropping efficiency in Port C
compare to other rod radius with narrow spectral linewidth of 0.7 nm, and quality factor of
2223. Hence it is considered for the proposed design. Best of our knowledge, this is the first
time to report all structural parameters like adjacent rods, scaterrer rods, inner quasi ring rod,
and coupling rods are design same as regular rod radius of 130nm. The regular rod radius of
130 nm optimizes after the several iterations to get the best size to provide the better

performance parameters in the proposed ADF and it's easy to fabricate.



4 Simulation Results and Discussion

The transmission spectrum of the proposed filter measure is based on the received
power in the Port B, Port C, Port D. The power monitor place in the receiver port to measure
the power based on Finite Difference Time Domain (FDTD) algorithm .The output power

measure using the following equation,

)dS

)monitor

~ 1/2jreal(p(f

SourcePower

T(f (1)

Where, T ( f ) denotes the function transmission as function of wavelength, p ( f ) denotes the

pointing vector, and dS denotes the surface normal.

The 2D Finite Difference Time Domain (FDTD) works with the Perfect Matched
Layer Absorbed Boundary Condition (PML ABC). The PML ABC is an artificial boundary
layer to support the simulation in open boundary condition (Free space), layer strongly
absorbs the all incident waves in all directions, angle without any reflection inside the PC
lattice (Chew et al.1996). The proposed ADF filter uses the PML width of 500 nm, and

reflection of 107 for the best performance.

To work in FDTD, it is important to choose the proper spatial and temporal grid size

and time step to match the simulation output with a real time system (Xiao et al.1993). The

proper grid size is calculated using the a/16 = 40 nm and time step of A't= 0.02203 is used in
the FDTD algorithm, it provides stable output and less time leads to oscillation output. The
time step calculated by

At < (2)

| 1
+

AX® AY?

Where, At denotes the step time, C denotes the speed of light in free space
respectively.

The WDM multiplexed signal launched in the input Port A with the center
wavelength of 1550 nm. The resonant optical wavelength (1636.2 nm) coupled to the
resonator with the coupling rods (R1) through the drop waveguide. The resonator gets a peak
resonance and drops the output power to Port C and remaining wavelength forward to Port B

and a small amount of scattering power transferred to Port D.
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Fig.9 Normalized output spectrum of the proposed Add Drop filter

The Fig.9 shows the normalized output spectrum at the strong wavelength peak at
1636.2 nm in the dropping Port C with close to Transmission efficiency of 100 %. The
spectral Full Width Half Maximum (FWHM) at 0.7 nm. The efficiency of the filter is
calculated using the quality factor (Q). The Q factor is measured by the formula (Ohteru, et
al.1993)

A
= = 3
0 ¥ 3)

Where A is the strong resonant wavelength and Al s spectral linewidth (FWHM) of
the resonant wavelength. The proposed Add Drop filter drop the 1636.2 nm optical
wavelength and high quality factor about 2337, which is more suitable for WDM systems.
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Fig.10 Electric field distribution of the proposed Add Drop filter at
(a) ON resonance (1636.2 nm) and (b) OFF resonance (1633 nm)

The field pattern for backward drop optical power at Port C is shown in Fig. 10. The
optical power at the resonant wavelength move towards Port C and other than resonant
wavelengths transferred to Port B and no power at Port D. The proposed drop filter reduces
the complexity of fabrication by reducing the defects. The defects rod radius 130 nm optimize
globally after tuning of refractive index, lattice constant, and shape to drop the desired

wavelength.

5 Parameters affecting the performance of the ADF

The proposed ADF drops the resonant wavelength at 1636.2 nm with high Q factor to
support WDM systems. To broaden the utilization of ADF in real time and on demand
applications, tuning mechanism of ADF is investigated by varying the structural parameter

and properties like adjacent rods, scatter rods, inner quasi-square rods, periods, coupling rod



radius and radius of regular rods. The proposed PBG in the range of 0.292<a/A< 0.432, as a
structural parameter varies, resonant wavelength from ADF also drops the different resonant
wavelength within the PBG. The value of structural parameter is increased propagation of
guided mode in ADF shifted in higher wavelength and corresponding strong resonant peak is

dropped.

5.1. Lattice constant Tuning

Lattice constant of the structure is varied with an increment of Inm from 650 nm to

655 nm to measure the sensitivity of lattice constant with resonant wavelength. The

normalized output spectrum for different lattice constant is shown in Fig. 11. From the

simulation results, it is observed that strong resonant wavelength of the drop filter is shifted to

higher wavelength of 1 nm compared with a reference value of 650 nm also small variation in

normalized transmission and spectral linewidth remain constant. Performance parameters of
ADF with the variation of lattice constant are given in the Tablel.
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The changes of lattice constant are highly sensitive to resonant wavelength Tuning.
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Fig.11. Output spectrum for different lattice constant



Table 1. Performance parameter with the changes of Lattice constant (a) with performance

parameters like resonant wavelength, normalized transmission, spectral linewidth, and quality

factor
Lattice Resonant Normalized Spectral .
S.no | Constant | Wavelength | Transmission | Linewidth Quality
Factor
(nm) (nm) (%) (nm)
1. 650 1630.3 97.8 0.7 2329
2. 651 1630.5 97.4 0.7 2329
3. 652 1630.7 97.8 0.8 2038
4. 653 1630.9 97.8 0.8 2038
5. 654 1631.1 97.6 0.7 2330
6. 655 1631.4 97.6 0.8 2039

5.2. Effect of Adjacent rod Radius

In ADF, the reference rod radius of the adjacent rod (R 4) is 130nm. The impact of
adjacent rod radius with ADF geometry is analyzed with increasing the rod radius with a step
value of 1 nm from 131 nm - 133 nm is observed while other structural parameters are
constant to find the sensitivity of adjacent rod. The Fig.12 shows the normalized spectrum for
different adjacent rod radius. The performance parameter of R4 is tabulated in Table 2. From
the results, strong resonant wavelength shift by 0.3 nm to higher wavelength with
correspondingly dropping efficiency and quality factor slightly increased but spectral

linewidth (0.8 nm) remain constant.

1.0 r=130 nm

0.9
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0.8
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0.5 1
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0.1

0.0 | e L L
.635 1636 1.637 1638 1.639
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Fig.12. Effect of change of output spectrum adjacent rod radius

1.633 1.634 1

Through analyzing the tuning mechanism of different wavelength to the proposed

ADF, the sensitivity of adjacent rod with resonant wavelength is measured from the equation.
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The sensitivity of adjacent rod is 0.3 resonant wavelengths tuning is highly sensitive to
changes of adjacent rod and it's important to observe spectral linewidth and Normalized

transmission remain constant.

Table 2. Performance parameter with the changes of adjacent rod radius (R4) with
performance parameters like resonant wavelength, normalized transmission, spectral line
width, and quality factor

Resonant Normalized | Spectral Qualit
Sno | R4 (nm) | Wavelength | Transmission | Linewidth y
Factor
(nm) (%) (nm)

1. 130 1636.0 98 0.8 2045
2. 131 1636.5 98.0 0.8 2045.65
3. 132 1636.8 99.2 0.8 2046
4. 133 1637.1 98.4 0.8 2046.37

5.3 Scatterer rod tuning

In ADF, the reference rod radius of the scatterer rod (R3) is 130nm .Scattered rods are
placed at each corner of four sides in the square ring resonator. The scatterer rod reduces the
scatter loss and reflection waves from the rod improve the resonator performance. The
Scatterer rod tuning impact of change in rod with resonant wavelength is studied. The
scatterer rod of the proposed ADF is varied with an increment of 1nm from 130 nm to 132 nm
corresponding output spectrum of different scattered rod radius is investigated which is shown
Fig.13. From the simulation results, it observed that peak resonant wavelength shifted by 0.1
nm from the reference wavelength. The dropping efficiency and quality factor is slight change

and spectral linewidth remain constant and is observed by changing scattered rod.

Table 3. Functional parameter with the changes of Scatterer rod radius (R3) with performance
parameters like resonant wavelength, normalized transmission, spectral linewidth, and quality
factor

S.no R3 Resonant Normalized | Spectral Quality
(nm) Wavelength | Transmission | Linewidth Factor
(nm) (%) (nm)
1. 130 1636.0 99.0 0.7 2337.0
2. 130.5 1636.2 99.0 0.8 2045.25
3. 131 1636.3 95.76 0.8 2045.37
4. 132 1636.4 81.61 0.8 2045.5
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Fig.13. Output spectrum for different scattered rod radius

The sensitivity of Scatterer rod is defined as a resonant wavelength variation with the

scatterer rod variation AN/ A R3, sensitivity calculated as * 0.2 nm/1 nm. The performance

parameter of R3 is tabulated in Table 3.

5.4. Coupling rod radius Tuning

In ADF, the reference rod radius of coupling rod radius (R1) is 130nm. This rod
optimizes with a radius of 130 nm it used to couple the incoming light from the bus
waveguide to drop waveguide through rounded ring square ring resonator. The two rows of
rods used for coupling for better coupling light to the resonator. To analyze the impact of
variation with coupling rods, the coupling rod radius varied from 130 nm-133 nm with 1 nm
shift. It is observed that zero resonant wavelength is shifted while the trivial decrement of
Transmission efficiency is observed for rod radius other than reference rod (130 nm) which is
shown in Fig.14. The tuning mechanism in the ADF filter and the coupling rod radius to be
fixed as 130 nm, however, the other structural parameters are varied in order to drop different
resonant wavelengths. The performance parameter of Radius 1 is tabulated in Table 4. The

sensitivity of Scatterer rod is defined as a resonant wavelength variation with the scatterer rod

variation A}/ ARI, sensitivity in the ratio of 0 nm/1 nm.
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Fig.14. Output spectrum for different coupling rod radius

Tabled4. Performance parameter with the changes of coupling rod radius (R1) with
performance parameters like resonant wavelength, normalized transmission, spectral
linewidth, and quality factor

Resonant Normalized

S.no | R1 (nm) | Wavelength | Transmission Spectral Quality

Linewidth (nm) | factor

(nm) (%)
1. 131 1636.3 95 0.8 2045
2. 132 1636.3 93 0.8 2045
3. 133 1636.3 90 0.8 2045

5.5. Regular rod radius Tuning

Sensitivity of the regular rod tuning is measured by the ratio of difference in resonance
wavelength by changing in the rod radius of regular rod. The rod Radius varied from 129 nm
to 131 nm with increment of 0.5 nm, it is observed that resonant wavelength shifting to higher
wavelength of 0.6 nm for increasing of 0.5 nm rod radius, which is shown Fig.15. It is also
observed that abrupt variation in Transmission Efficiency and quality factor, but spectral

linewidth remain constant. The sensitivity of Radius 5 rod variation is measured by

SRadius = Aﬂ“ = 0.6 = 1‘2 nm (5)
ARadius 0.5

The Radius of the regular rod is highly sensitive to resonant wavelength Tuning. The

performance parameter of Radius 1 is tabulated in Table 5.
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Fig.15. Output spectrum for different coupling rod radius

Table 5. Performance parameter with the changes of regular rod (Radius) with performance
parameters like resonant wavelength, normalized transmission, spectral linewidth, and quality

factor
. Resonant Normalized | Spectral .
S.no R(i(rlrlll;S Wavelength | Transmission | Linewidth %gigz
(nm) (%) (nm)
1] 129 1634.9 88.7 0.9 1816
2] 129.5 1635.5 96.3 0.8 2044
3] 130 1636 99 0.8 2045
4, 130.5 1636.9 87.66 0.8 2046
5] 131 1637.5 75.45 0.8 2046.87

5.6 Inner rod Tuning

In ADF, the reference rod radius of the inner quasi ring rod radius (R2) is 130nm, to
measure sensitivity inner rod radius varied from 128 nm-131 nm with the increment of 1 nm
and normalized spectrum is shown in Fig.16. From the results, it is noticed that the abrupt

changes in the performance parameter like dropping efficiency, spectral line width, and

quality factor.

The performance parameter of ADF with different inner ring rod radius is tabulated in
Table 6. However, changing the inner rod radius result in uneven output in the filter; it leads
to more changes in transmission efficiency, spectral linewidth, and Q factor. Changing the

inner rod radius for tuning mechanism is not feasible in the proposed filter due its uncertainty

in the output.



1.0

f". =128 nr
[
0.8 1 II II =128 nr
- P L)
c o8 1 ety =130 nr
S [
# 0.7 |
E . . I! ! =131 nr
s 06 |
c ] | l
E 0.5 f'IM'II I|I
R e
H 044 |II { III
E ] f | \ |
5 037 Y
= 1 .'II / I'l. k.
02 - ! III" I'l. Y I"'.‘I
— SSAA N
0.0 T T T T —
16832 1633 1634 1635 1.636 1637 1.638 1639 1.640

VAksvalanath fomh

Fig.16. Output spectrum for different inner quasi ring rod radius

Table 6. Performance parameter with the changes of inner quasi ring rod radius with

performance parameters like resonant wavelength, normalized transmission,

spectral
linewidth, and quality factor

Resonant Normalized Spectral Qualit
S.no | Radius 6 Transmission | Linewidth | S
Wavelength factor
(%) (nm)

1. 128 1635.2 58.5 2.1 778

2. 129 1635.8 82.6 1 1635

3. 130 1636 99 1 1636

4. 131 1636.8 65.6 1.1 1488

5.7 Effect of variation in refractive index of rods.

Tuning to the desired wavelength based on input parameter is important property in
ADF. The performance of ADF is validated with change in effect of refractive index variation
of adjacent rods, Corner rods, Coupling rods and inner rods.
One row of the adjacent rods, coupling rods, inner rods and corner rods are considered to vary
at a time in the value of refractive index, while the other rods value unchanged, in every
simulation. The output spectra of our proposed design at port D for different values of
refractive index of adjacent rods, coupling rods, inner rods and corner rods shown in Fig.17,
Fig.18, Fig.19, and Fig. 20 The output wavelengths shift toward higher wavelengths range,
with the refractive index from 3.19 to 3.23 shown in Table 1.The sensitivity of adjacent rods
is 0.2/0.01, the shift is accompanied by higher normalized transmission. The sensitivity of
corner rods is 0.1/0.01, the shift is noticed with higher normalized transmission. The
sensitivity of coupling rods and inner rods is 0.2/0.01, while varying the refractive index in

inner rods and coupling rods trivial decrement in transmission efficiency.
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Fig.17. Output spectra of our proposed design for different values of refractive index of
adjacent rods
Table 7. Performance parameter with the changes of refractive index of adjacent rods with

performance parameters like resonant wavelength, normalized transmission, spectral
linewidth, and quality factor

Resonant Normalized | Spectral Qualit
S.no n | Wavelength | Transmission | Linewidth y
Factor
(nm) (%) (nm)
1. 3.19 1636.2 98 0.8 2045.25
2. 3.20 1636.4 96.3 0.8 2045.5
3. 3.21 1636.5 96.4 0.8 2045.75
4. 3.22 1636.7 96.2 0.8 2046.00
5. 3.23 1636.8 96.2 0.8 2045.25
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Fig.18. Output spectra of our proposed design for different values of refractive index of
corner rods
Table 8. Performance parameter with the changes of refractive index of corner rods with

performance parameters like resonant wavelength, normalized transmission, spectral
linewidth, and quality factor

Resonant Normalized Spectral Qualit
S.no n Wavelength | Transmission | Linewidth ety
Factor
(nm) (%) (nm)
1. 3.19 1636.2 98 0.8 2045.25
2. 3.20 1636.3 99 0.8 2045.37
3. 3.21 1636.3 95 0.8 2045.37
4. 3.22 1636.3 88 0.8 2045.37
5. 3.23 1636.4 65 0.8 2045.5
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Fig.19. Output spectra of our proposed design for different values of refractive index of
coupling rods
Table 9. Performance parameter with the changes of refractive index of coupling rods with

performance parameters like resonant wavelength, normalized transmission, spectral
linewidth, and quality factor

Sno| n Resonant Normalized | Spectral | Quality
Wavelength | Transmission | Linewidth | Factor

(nm) (%) (nm)
1)3.19 1636.2 98 0.8 2045.25
2] 3.2 1636.4 91 0.8 2045.50
3]3.21 1636.6 84 0.8 2045.75
4)3.22 1636.8 74 0.8 2046.00
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Fig.20 Output spectra of our proposed design for different values of refractive index of inner
rods
Table 10.. Performance parameter with the changes of refractive index of inner rods with

performance parameters like resonant wavelength, normalized transmission, spectral
linewidth, and quality factor

Sno| n Resonant Normalized | Spectral | Quality
Wavelength | Transmission | Linewidth | Factor
(nm) (%) (nm)

1)3.19 1636.2 98 0.8 2045.25

2] 32 1636.5 91 0.8 2045.62

3] 3.21 1636.7 78 0.8 2045.87
4)3.22 1637 65 0.9 1818.00
5]3.23 1637.4 54 0.9 1819.33
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The performance parameter of the proposed design is determined by varying the input
parameters for different step increments of input variable and the output spectrum are
predicted. Furthermore, the error between the target output value and obtained wavelength is
also examined.

The flowchart for the proposed design is shown in Fig. 21. The input variable is incremented
with different sets in order to predict the targeted resonant wavelength and to calculate the
error between the target wavelength and output wavelength for the different input value. If
error exist between target and output value, another input value is to be chosen under iteration
to select the optimize rod radii with the lattice constant. If no error then value is predicted and

corresponding wavelength is obtained.

The tuning range in the proposed ADF achieved from the range of 1536 nm-1637 nm by
varying the one of the structural parameters. The tuning of resonant wavelength for novel
rounded square ring resonator is theoretically investigated by altering the structural

parameters and the few results are reported here.

1. 1 nm changes in adjacent rod, 0.3 nm resonant wavelength is shifted and 0.8 nm
spectral linewidth is observed.

2. 1 nm changes in scatterer rod, there is 0.1 nm resonant wavelength is shifted and 0.8
nm stable spectral linewidth is observed.

3. Inm changes in coupling rod, resonant wavelength is not shifted from reference
wavelength 1636.2 nm.

4. 0.5 nm changes in regular rod,0.6 nm resonant wavelength is shifted from reference
wavelength (1636.2 nm) and stable spectral linewidth is observed.

5. 10 nm change in lattice constant 25 nm resonant wavelength shift is observed and
spectral linewidth is constant

6. 1 nm changes in inner quasi ring rods, uncertainty in all performance parameters is

observed.



Table 11. Lattice type, shape of the cavity, backward efficiency, spectral linewidth, device
size, refractive index, and resonant wavelength of the proposed ADF is compared with

different lattice.

Reference ) Add/ Device
Lattice gizltg Drop | (AA | Size Fa?tor Anl 2,
PE )l @ |y | (umd)
Hsiao et al.[15] Hexagon 55 4 ) 423 3.46/1564
Hexago al
Mahmoud.et.al.[16] | nal X shape 100 4 - 377 3.46/1550
Rajasekar.et.al[17] Tra;()jezm 100 3 117.6 514 3.46/1543
Sathyadeg]‘kl'et'al'“ Square | 35 | 35 | 280 437 3.46/1558
Qiang.et.al.[19] Quasi 90 4 242.4 387 3.46/1531
Alipour.et.al.[20] square 96 9.8 - 160 3.59/1551
Robinson.et.al.[21] Circular 89 3.5 173.42 399 4/1489
Rezaee.et.al.[22] H shape 100 7 - 221 4.1/1550
Rashki.et.al.[23] Flower 100 8 152.76 205.5 3.46/1644
Chhipa.et.al.[24] Curved
Fabry 99 13 123 194 3.40/1511
Perot
Alipour.et.al.[25] Elliptical
Square | resonant | 100 2 - 647 4.2/1555
ring
Radhouene.ct.al.[26] Square
ring
(BSuper | g5 | 07 | - 2210 | 3.19/1547.3
elliptic
inner
ring
Proposed Work Square(I
MET ) sog | 0.7 | 41276 | 2337 | 3.19/1636.2
quasi
ring)

17 - Backward drop efficiency

AA Spectral line width

A -Delta

Q-quality factor

/10 - Strong resonant wavelength

The functional parameters of the filter like lattice, cavity design, backdrop efficiency,

spectral linewidth, device size, quality factor, refractive index, and resonant wavelength are

compared with reported Add Drop filter is tabulated in Table 7. From the reported paper, the

existing Add Drop filter design with low quality factor for the backward drop wavelength is

replaced with high quality factor to support WDM systems and functional parameters also

significantly enhanced compared to reported paper and hence proposed design can be

implemented for Photonic Integrated Circuits.




6 Conclusion

The proposed single ADF design with novel Rounded Square Ring Resonator to
support the WDM system to drop the strong resonant wavelength of 1636.2 nm was designed.
The novelty in the proposed drop filter is to drop the desired wavelength with globalized
defect rod radius for full design and new shape. The spectral line width of backdrop
wavelength is 0.7 nm and quality factor 2337 and >98 transmission efficiency respectively.
We investigate the effect of structural parameter with resonant wavelength for the proposed
structure and also the best structural parameter for the tuning mechanism is reported.
Compared to existing works this drop filter drop the high narrow band backward drop
wavelength to support DWDM applications also proposed filter chip area is 412.76 pm?.
Hence proposed drop filter suitable for the implementation of Photonic Integrated Circuits
(PIC) for DWDM applications. In future, this proposed design enhances the drop spectral
linewidth to 0.4nm/0.2/0.1 nm to support DWDM systems by increasing the rod between the

waveguide and cavity.
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Fig.1 PBG before introducing the defects
Fig.2 Effects of normalized frequency with respect to the rod radius
Fig.3 Effects of normalized frequency with respect to the lattice constant (Period)

Fig.4 Effects of normalized frequency with respect to the refractive index difference
(delta)

Fig.5 Band gap diagram after introducing line and point defects

Fig.6. Schematic representation of WDM network with Add Drop Filter
Fig.7 ADF response at (a) ON state (b) OFF state

Fig.8 Proposed Rounded Square Ring resonator based Add Drop filter
Fig.9 Normalized output spectrum of the proposed Add Drop filter

. Fig.10 Electric field distribution of the proposed Add Drop filter at (a) ON resonance

(1636.2 nm) and (b) OFF resonance (1633 nm)
Fig.11 Output spectrum for different lattice constant

Fig.12 Effect of change of output spectrum adjacent rod radius

. Fig.13 Output spectrum for different scattered rod radius

Fig.14 Output spectrum for different coupling rod radius
Fig.15. Output spectrum for different coupling rod radius
Fig.16 Output spectrum for different inner quasi ring rod radius

Fig.17. Output spectra of our proposed design for different values of refractive index

of adjacent rods

Fig.18. Output spectra of our proposed design for different values of refractive index

of corner rods

Fig.19. Output spectra of our proposed design for different values of refractive index

of coupling rods

Fig.20 Output spectra of our proposed design for different values of refractive index

of inner rods

Fig.21. Flowchart of Photonics parameter optimization



Table Caption

Table 1. Performance parameter with the changes of Lattice constant (a) with performance
parameters like resonant wavelength, normalized transmission, spectral linewidth, and quality
factor

Table 2. Performance parameter with the changes of adjacent rod radius (R4) with
performance parameters like resonant wavelength, normalized transmission, spectral line
width, and quality factor

Table 3. Functional parameter with the changes of Scatterer rod radius (R3) with performance
parameters like resonant wavelength, normalized transmission, spectral linewidth, and quality
factor

Table 4. Performance parameter with the changes of coupling rod radius (R1) with
performance parameters like resonant wavelength, normalized transmission, spectral
linewidth, and quality factor

Table 5. .Performance parameter with the changes of regular rod (Radius) with performance
parameters like resonant wavelength, normalized transmission, spectral linewidth, and quality
factor

Table 6. Performance parameter with the changes of inner quasi ring rod radius with
performance parameters like resonant wavelength, normalized transmission, spectral
linewidth, and quality factor

Table 7. Performance parameter with the changes of refractive index of adjacent rods with
performance parameters like resonant wavelength, normalized transmission, spectral
linewidth, and quality factor

Table 8. Performance parameter with the changes of refractive index of corner rods with
performance parameters like resonant wavelength, normalized transmission, spectral
linewidth, and quality factor

Table 9. Performance parameter with the changes of refractive index of coupling rods with
performance parameters like resonant wavelength, normalized transmission, spectral
linewidth, and quality factor

Table 10.. Performance parameter with the changes of refractive index of inner rods with
performance parameters like resonant wavelength, normalized transmission, spectral
linewidth, and quality factor

Table 11. Lattice type, shape of the cavity, backward efficiency, spectral linewidth, device
size, refractive index, and resonant wavelength of the proposed ADF is compared with
different lattice.






