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ABSTRACT
A model for optical switching and limiting in 2D photonic crystals of square and hexagonal
lattice structures having Kerr nonlinearity is introduced with a side-coupled cavity and a waveguide.
MATLAB was used to implement FDTD algorithm with perfectly matched layer boundaries. Photonic
crystals formed from AlGaAs, GaAs, ZnS and Ge, rods in air were simulated to obtain the optimal
parameters. The best refractive index range for the proposed switch and the limiter to be operated is
2.5 to 3.2. The results showed best performance for group III-V materials. The lattice constant for the
most commonly used telecommunication wavelength (1.55 µm) was found to be 0.5479 µm for
AlGaAs and 0.550 µm for GaAs respectively. As an optical limiter, AlGaAs showed the best
performance with the threshold refractive index change at 0.05.
Keywords: Photonic crystals, All-optical switch, Limiter, FDTD, Kerr nonlinearity, AlGaAs, GaAs,
Ge, ZnS, side coupled Micro cavities

1. INTRODUCTION
Photonic crystals (PCs) are materials arranged with a periodicity in dielectric constant
which can create a range of forbidden frequencies called photonic bandgap (PBG) optical
analogue to the electronic bandgap in semiconductors [1]. A defect in the periodicity could
lead to localized photonic states in the bandgap, depending on the nature of the created defect.
For example a point defect in PBG materials can act as resonant micro cavities [2] whereas a
line defect can behave as a waveguide [3]. The optical tunability that can be achieved through
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introducing various defects in to a perfect PC has paved the way to the optoelectronic
industry. The main components of photonic integrated circuits are optical switching devices
and gates, which are implemented using nonlinear photonic crystals. Optical limiters are
important as they can control and stabilize beyond a threshold value of the power or the
intensity of light signals being transmitted. Sharp optical limiters are used in creating optical
gates in order to supply a controlled input to the gates and hence, protect the optical gates by
unintended high power inputs. When nonlinearity is incorporated into a photonic crystal, the
light propagation can be controlled dynamically [4]. In this regard, employing of nonlinear
elements of photonic crystals, opened up opportunities to design all-optical devices [5]. Kerr
nonlinearity modifying the refractive index holds a great importance due to its suitability in
ultra-fast devices.
The principle of optical switching and limiting on a one-dimensional (1D) level model
was demonstrated by Scalora and Tran in 1993 [6]. Kerr nonlinearity has been used to design
a 2-dimensional optical switch by incorporating crossed wave guides [7]. An all optical
switch was also obtained numerically, using Finite Difference Time Domain (FDTD) method
based on Kerr effect and nonlinear PC microcavities for AlGaAs [8]. Optical switches were
also formed by using directional couplers to modify 2D PC structures, creating two single line
defect waveguides adjacent to each other, separated by the single row of decreased radius rods
[9]. Danaie et.al were able to design a PC Optical Limiter using nonlinear Kerr Effect for a
triangular lattice of holes in a GaAs substrate [10] and optical limiters were incorporated in
designing nonlinear optical devices such as AND gates [11]. In order to model nonlinearity,
Finite Difference Time Domain Method (FDTD), Finite Element Method (FEM), Plane Wave
expansion (PWE) and Wannier Function Method (WFM) can be used. FDTD first proposed
by Yee [12] can be used to simulate nonlinearity and dispersion structure and model different
geometries in different dimensions [13].
In this paper we investigate the nonlinear optical properties of 2D photonic crystals with
square and hexagonal lattice structures in optical switching and limiting. Kerr Nonlinearity
was incorporated and simulations were done based on FDTD method. Circular rods of
different dielectric mediums of group III-V (AlGaAs, GaAs), II-VI (ZnS) and IV (Ge) in air
were considered. Removing a layer of rods a wave guide was created and for each material
the best radius of the rods for maximum radiation transfer was obtained. With these radii, the
plane wave expansion (PWE) method was used to obtain the band gaps and the band structure
for the TM mode. By removing a rod, a microcavity adjacent to the middle of the wave guide
was created and by changing the distance from the waveguide to the microcavity to lattice
constant a, 2a and 3a the best side-coupled cavity waveguide structures for optical switch
and an optical limiter for each material were obtained. Further, the modifications that need to
be done in order to make the optical instruments work in the intended frequency range were
evaluated. The best ranges of refractive indexes of the materials that can be used for the
optical limiter are presented.

2. KERR NONLINEARITY EFFECT
Optical nonlinearity occurs due to modification of optical properties of a material due to
light and only laser lights have the sufficient intensities for this modification [14]. The
propagation of light in a photonic crystal is governed by the macroscopic Maxwell equations

-2-

World Scientific News 97 (2018) 1-27

E  

B
D
;  H  J 
;   B  0;   E  
t
t

(1)

where: E and H are electric and magnetic fields, D and B are electric and magnetic flux
densities and  and J are free electron charge and current densities respectively. The
polarization field P and is the magnetization field are given by:

D   0 E + P;

B  0 ( H + M )

(2)

In a nonlinear optical medium the induced polarization P of the medium is given by the
susceptibility coefficients [14]

P   o  (1) E   o  (2) E 2   o  (3) E 3 

(3)

where: χ(2), χ(2) and χ(3) are the first, second and third order susceptibility coefficients
respectively. Liquids, gas and most of the solids do not possess χ(2) which is observed in noncentrosymmetric crystals. The third-order susceptibility occurs for both centrosymmetric and
non-centrosymmetric media and most of the materials display this susceptibility which gives
rise to Kerr nonlinearity. For a monochromatic electric field E  E cos t , using the
expression cos3 t  (cos3t  3cos t ) / 4 , the induced polarization of the medium can be
written as [15]:

3
2

P   0   (1)   (3) E  E cos t
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(4)

Considering the resultant susceptibility as a sum of linear  L and nonlinear  NL
components, the index of refraction can be written in terms of the intensity of light
1
1

 3 (3) 
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where: n0  1   L is the linear refractive index, n2 is the second order refractive index and
I is the intensity of light. The electric field and displacement fields are now related by
2
3

D(t )   0 r E (t )   0n 2 E (t )   0  n0 2   (3) E  t   E (t )
4



(6)

and similarly the magnetic field :

B  0 r H
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Electric fields are normalized so that the E-field and the H-field have the same order of
magnitude and the normalized electric fields are introduced as:

E 

0
E,
0

D 

D

0 0

 cD

(8)

The Maxwell’s equations with normalized E-fields read:

E  

r B
c t
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;

1 D
c t

(9)

Assuming that the relative permeability of the material (  r ) is diagonal and the z
direction is uniform and of infinite extent (i.e.  / z  0 ), equations in 9 can be expanded as
follows:
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These two sets of equations corresponds to the TM mode (Ez mode) and the TE mode
(Hz) mode respectively. In this paper we consider photonic crystal behaviour in TM mode
only and therefore the curl elements of the TM mode equations in 2-D finite differences are
rearranged in order to obtain the basic TM mode field update equations of the main finite
difference time domain FDTD algorithm [21]:

H x t t /2  H x t t /2 
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(11)

In the simulation, the imperfect truncation of the space will create numerical reflections
which will corrupt the computational results after some time. Therefore to avoid reflections at
the boundaries absorbing boundary condition introduced by Berger [16] known as perfectly
matched layer (PML) boundaries were incorporated to the main FDTD algorithm by the
method proposed by Zachary et al [17]. Time increment (t ) was obtained by separating out
the finite-difference algorithm into separate time and space eigenvalue problems by enforcing
the stability condition called the Courant-Friedrich-Levy (CFL) or Courant’s stability
condition [18]:
t 

nmin min[x, y ]
2c

-4-

(12)

World Scientific News 97 (2018) 1-27

Once the probe light frequency is set to the high frequency edge of the photonic band
gap, the probe light is reflected off completely by the photonic crystal and the optical
switching is in the “OFF” state. When the pump light is switched on, the refractive index of
the nonlinear medium increases due to Kerr effect thereby increases the effective refractive
index of the photonic crystal. As a result, the photonic band gap shifts (Fig. 1) in the low
frequency direction and the frequency of the probe drops in to the pass band region allowing
the propagation of waves through the photonic crystal and the optical switching is in the
“ON” state. However, an ultra short signal light with wide frequency bands will distort the
spectral lines severely at the band edges.

Figure Error! No text of specified style in document..1: Schematic diagram of the
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This can be overcome by using impurity bandgap shift [19]. When a defect is
introduced in the photonic crystal, the spatial periodicity of the dielectric material will be
destroyed. According to the photon localization theory, an electromagnetic mode with a
certain resonant frequency will be confined in the defect site, which leads to appearance of the
defect modes in the photonic bandgap [20]. If a cavity is created by removing a rod from the
lattice with the proper size to support a mode in the band gap, then light cannot escape and
mode can be pin to the defect. When a waveguide is created by introducing a line defect, light
with a frequency within the band gap will propagates through the waveguide of the crystal
with minimum loss.

3. OPTIMUM PARAMETERS FOR OPTICAL SWITCH
The problem space was considered as a wafer of 20 µm  20 µm with a time step of
1.6×10-10s obtained by applying Courant’s stability condition. A Gaussian hard source was
propagated from the position coordinate (25,25) of the grid of 100 100 . In order to eliminate
the reflections PML boundaries were introduced. Figs. 2.1 and 2.2 show the propagating
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waves in the TM mode before and after PML boundaries are added respectively. After the
successful implementation of PML boundary conditions, the problem space was modified for
different materials and 2D lattices in order to implement photonic crystals.

Figure 2(a): Finite boundaries causing reflections for the propagation of a Gaussian point
source in the TM mode through material with background medium as air

Figure 2(b): Minimum reflections are caused when PML boundaries are incorporated for
the propagation of a Gaussian point source in the TM mode.
The square structures considered were composed of 15 15 square lattice of dielectric
circular rods with linear refractive index n1 and nonlinear refractive index n2 at 1550 nm.
The wafer considered was of dimensions 17μm×16μm with the lattice constant a  1μm . The
hexagonal structure was composed of 15×15 hexagonal lattice of dielectric circular rods with
linear refractive index n1 and nonlinear refractive index
1550nm. The wafer was of
dimensions 17μm×14μm with the lattice constants a = 0.866μm and b = 1μm. By changing
the radius of the rods, a line defect was formed in order to create a waveguides in both
structures. The refractive indices of the rods in the lattices were changed to the linear
refractive index of the material and the normalized transmission spectra with respect to radii
in the range 0.1a to 0.4a was plotted for the lattice structure with a single waveguide and
thereby the optimum radius which gives the maximum transmittance was obtained.
Fig. 3 show the variation of power transmitted with the radii as a fraction of the lattice
constant a for square and hexagonal PC lattice waveguide structures of AlGaAs, Ge and ZnS.
For the lattices with the optimum radii, the plane wave expansion (PWE) method was used to
obtain the band gaps and the band structure for the TM mode was plotted using Optiwave
PWE band solver software. The band diagrams obtained are presented in Fig. 4. TM band
gaps were not available for ZnS rods in air for square PC lattice. Hence, ZnS square lattice
cannot be used for the switch proposed. The refractive indices and the optimum radius
obtained and the TM band gaps are tabulated in Table 1.
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Radius as a fraction of lattice constant a
3(e): ZnS Hexagonal lattice
Fig. 3. Variation of power transmitted with the radius as a fraction of the lattice constant a for
square and hexagonal PC lattice waveguide structures of AlGaAs (a, b), Ge (c, d) and ZnS (e)

4(a): AlGaAs Square Lattice
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4(b): AlGaAs Hexagonal lattice

4(c): GaAs Square Lattice
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4(d): GaAs Hexagonal lattice

4(e): Ge Square Lattice

-11-

World Scientific News 97 (2018) 1-27

4(f): Ge Hexagonal lattice

4(g): ZnS Hexagonal lattice
Fig. 4. TM band energy bands for square and hexagonal PC lattice waveguide structures of
AlGaAs (a, b), GaAs (c, d), Ge (e, f) and ZnS(g) with optimum radii of circular rods
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Table1. The linear refractive indices at 1.55 μm and optimum radii obtained in terms of
lattice constant (a) for square and hexagonal structures of the AlGaAs, GaAs, ZnS, Ge
and AlAs [21]

Material

Radius of
Linear
circular rods
Refractive
for square
at 1.55 μm
PC lattice

TM band gap for
square PC lattice
in normalized
frequency

Radius of
TM band gap for
circular rods hexagonal PC lattice
for hexagonal
in normalized
PC lattice
frequency

AlGaAs

3.400

0.184a

0.287  1/   0.420

0.242a

0.279  1/   0.450

GaAs

3.370

0.200a

0.290  1/   0.420

0.200a

0.280  1/   0.450

Ge

4.275

0.183a

0.243  1/   0.397

0.220a

0.226  1/   0.387

ZnS

2.172

-

-

0.240a

0.369  1/   0.490

The structure of the photonic crystal was modified further by introducing a microcavity
adjacent to the middle of the wave guide by removing a rod. The distance from the waveguide
to the microcavity was changed to a, 2a and 3a. Fig. 5 shows a microcavity positioned at 2a
distance from the centre of the waveguide in the hexagonal PC lattice structure. Radiation
with wavelengths corresponding to the respective normalized frequency bandgap, were
transmitted through the source point and the normalized transmission spectra were recorded
for square and hexagonal PC structures.

Fig. 5. Microcavity positioned at 2a distance from the center of the waveguide in the
hexagonal PC lattice structure

Figure Error! No text of specified style in
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Wavelength (μm)

Normalized power

6(a): AlGaAs Square Lattice

Wavelength (μm)
6(b): AlGaAs Hexagonal lattice
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6(c): GaAs Square Lattice

6(d): GaAs Hexagonal lattice

-15-

Normalized power

World Scientific News 97 (2018) 1-27

Wavelength (μm)

Normalized power

6(e): Ge Square Lattice

Wavelength (μm)
6(f): Ge Hexagonal lattice
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Wavelength (μm)
6(g): ZnS Hexagonal lattice
Fig. 6. The normalized transmission spectra for square and hexagonal PC lattice waveguide
structures of AlGaAs, GaAs, Ge and ZnS for microcavity distances of a, 2a and 3a from
the centre of the waveguide

These are presented in Fig. 6. The sudden drops in the transmission spectra occur when
the frequency of the incoming signal resonates with the resonance frequency of the
microcavity. The resonance wavelengths and the normalized transmissions for AlGaAs,
GaAs, Ge and ZnS square and hexagonal PC structures with a single waveguide and a
microcavity at a distance a, 2a and 3a from the waveguide are tabulated in the table 2 and the
simulations are shown in Fig. 7. From the simulation results the resonance wavelength with
perfect coupling occurring with negligible normalized transmission of the signal can be
observed. For AlGaAs square and hexagonal PC structures the optimum distance to
microcavity is 2a and the square structure exhibits a very sharp resonance drop compared to
the hexagonal structure. The average normalized power through the waveguide is high and
stable in the square lattice for other wavelengths other than resonance. The wavelength range
the square lattice can be used as a switch is large compared to that of the hexagonal lattice.
Hence the square structure is highly preferred over the hexagonal PC lattice structure in
AlGaAs for the proposed switch. For both square and hexagonal GaAs PC lattice structures,
the best performance of the switch structures was when the microcavity was 2a from the
waveguide.

-17-

World Scientific News 97 (2018) 1-27

Hexagonal structure of Ge shows poor performance compared to the square lattice
structure hence, the optimal design will be for the square PC Ge lattice structure with the
microcavity at a distance a from the waveguide. For the hexagonal lattice structure of ZnS,
the best is when the microcavity is at a distance 3a from the waveguide. The optimum
parameters, radius of the cylindrical rods, resonance frequency and the distance to the
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microcavity for optical switching obtained for AlAs, GaAs, Ge, ZnS, and AlAs [21] square
and hexagonal PC structures are tabulated in Table 3.
Table 2. The resonance wavelengths and the normalized transmissions for AlGaAs, GaAs, Ge
and for ZnS square and hexagonal PC structures with a single waveguide and a microcavity
at a distance a, 2a and 3a from the waveguide

Material

Resonance Normalized Resonance Normalized Resonance Normalized
wavelength transmission wavelength transmission wavelength transmission
(μm) at a
(μm) at 2a
(μm) at 3a
at a
at 2a
at 3a

AlGaAs
(Square)
AlGaAs
(Hexagonal)
GaAs
(Square)
GaAs
(Hexagonal)
Ge
(Square)
Ge
(Hexagonal)
ZnS
(Hexagonal)

2.499

8.202 105

2.589

1.731102

2.646

0.664

2.681

4.328 104

2.7438

1.362 103

2.658

0.285

2.584

2.995 105

2.643

9.399 103

2.662

0.474

2.409

5.111105

2.520

3.339 103

-

-

2.682

4.285 104

2.802

0.483

-

-

2.939

5.589 104

2.955

0.035

-

-

2.331

3.719 105

2.2900

1.120 104

2.305

2.502 102

Table 3. The optimal parameters obtained for AlGaAs, GaAs, Ge and ZnS PC switch

Material

Optimal Radius
(a)

Resonance wavelength
(μm)

Distance to
the microcavity

AlGaAs (Square)

0.184

2.589

2a

AlGaAs (Hexagonal)

0.242

2.744

2a

GaAs (Square)

0.200

2.643

2a

GaAs (Hexagonal)

0.200

2.520

2a

Ge (Square)

0.183

2.682

a

ZnS (Hexagonal)

0.2400

2.305

3a
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Fig. 8(a): AlGaAs square lattice PC structure with rod radius 0.1843 a and the microcavity 2a
away from the waveguide

Fig. 8(b): Ge square lattice PC structure with rod radius 0.1830 a and the microcavity a away
from the waveguide
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Fig. 8(c): ZnS Hexagonal lattice PC structure with rod radius 0.2400 a and the microcavity 3a
Fig. 8. Normalized power transmission spectrum through the waveguide with the increase
of refractive index change for AlGaAs, Ge and ZnS for optimu lattice structure.
Red line shows the linear case.
Due to Kerr’s nonlinearity when the intensity of the pump signal is increased, the
refractive index of the dielectric rods is increased. The resonance wavelength increases with
the intensity of the pump pulse and this is proportional to the increase in the refractive index
change. Therefore refractive index of the material was changed by 0.1 to 0.6 amount and the
normalized transmission curves for these materials were obtained and these are presented in
Fig. 8.
The red line shows the transmission curve for linear optical case. Figure 8(a) shows for
AlGaAs square PC lattice formed from circular rods of radius 0.1843a and a microcavity at a
distance 2a from the waveguide. In this case for the refractive index changes 0.1 to 0.3 show
a resonance in one wavelength range whereas 0.4 to 0.6 show resonance in another
wavelength range. The minimal change in refractive index which does not overlap with linear
resonance is preferred. Hence the best nonlinear situation for the PC structure to be active as a
switch for AlGaAs will correspond to the refractive index change in 0.1  0.3 range. Figure
8(b) shows the normalized transmittance curves with change in refractive index for the Ge
square PC lattice structure with rod radius 0.1830 a and the microcavity at a distance from
the waveguide. The minimal change in refractive index which does not overlap with linear
resonance is not clearly separated and normalized transmissions of nonlinear state at linear
resonance wavelength for the nonlinear instances do not have stable values. Hence, Ge shows
poor performance as a switch for the proposed structure. The normalized transmittance curves
-21-
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with change in refractive index for ZnS hexagonal PC lattice structure with rod radius
0.2400 a and the microcavity at 3a distance from the waveguide is shown in Figure 8(c).
Normalized transmissions of the nonlinear instances shows stable value range for the
refractive index change of 0.1 to 0.3.
However the normalized transmissions at nonlinear instances are in the range of 40% to
50%. Hence, ZnS shows poor performance as a switch of the proposed structure. For The
best refractive index range of 0.1 – 0.3, the corresponding resonance wavelengths and power
transmitted for these three materials are tabulated in Table 4.
Table 4. Refractive indexes, corresponding resonance wavelengths and power transmitted

Resonance
Refractive index
Material
wavelength ( μm )
change

AlGaAs

Ge

ZnS

Normalized
transmission at
resonance

Normalized
transmission
at 2.4708 μm
( linear resonance)

0.1

2.6209

0.1027

0.8781

0.2

2.6346

0.1489

0.8462

0.3

2.6627

0.1426

0.8690

0.1

2.6934

1.7626 104

5.778 103

0.2

2.7227

4.2267 104

6.7894 102

0.3

2.7587

3.0401104

0.4139

0.1

2.3348

6.3411102

0.4085

0.2

2.3747

0.1721

0.5460

0.3

2.4160

0.1553

0.4970

4. PERFORMANCE AS A OPTICAL LIMITER
The structures and parameters corresponding to the proposed switch with the best
switching characteristics were chosen for each of the materials AlAs, AlGaAs, Ge and ZnS.
The intensity of the incoming signal is represented by the corresponding refractive index as
defined by Kerr’s nonlinearity. Here the intensity of the incoming pulse with its wavelength
coincides with the resonance frequency of the linear case was increased gradually and the
normalized transmittance at the end of the waveguide was measured and these are presented
in Fig. 9. AlAs and AlGaAs initially shows a gradual increase of output power with the
increase in input power or refractive index changes, thereby the transmittance in both
materials stabilizes at refractive index change of 0.07 and 0.05 respectively. However, Ge and
ZnS shows poor performance as they stabilize at lower output power as well as the variation
of the output power is high. Therefore, the materials AlAs and AlGaAs are ideal for the
implementation of the proposed limiter structure.
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For AlGaAs square PC lattice, the optimal radius of circular rods is 0.184 a and with
lattice constant of 1μm the mid gap lies at 0.3535 ( 1/λ ). If the crystal needs to be tuned to the
most commonly used telecommunication wavelength 1.55 μm, the corresponding lattice
constant is a = 0.3535 λ = 0.5479μm and the radius of the circular rod must be 0.1008 μm. For
GaAs with mid gap lying at 0.355 ( 1/  ) the corresponding lattice constant is a = 0.550 μm
and the radius of the circular rod is 0.110μm .
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5. OPTIMUM REFRACTIVE RANGE FOR OPTICAL SWITCH AND LIMITER
As a general result best results for both optical switch and the optical limiter were
obtained for square lattice structures with the microcavity situated 2a away from the
waveguide. The simulation was executed for refractive indexes ranging from 2.00 to 5.00.
The lattice constant was taken as 1μm and the radii of the rods were considered as 0.2a.
The normalized transition at resonance and the stabilization transmittance in linear and
nonlinear case were obtained. These are shown in Fig. 10 and 11 respectively. From the above
two plots, for the best case, the transmittance at the linear resonance should be considerably
small and the normalized transmission at nonlinear stabilized instance should be high.
Through comparison of the two plots, this criteria is seems to be satisfied by the
refractive indexes ranging from 2.5 to 3.5.
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For further analysis the extinction ratio was calculated by obtaining the logarithm of the
output power in the stabilized on-state to the output power of the off state (resonance linear
state). For optimal performance this ratio should be as large as possible. The extinction ratios
for this range are tabulated in Table 5.
The extinction ratio is very high in the region 2.50 to 3.20. Hence, the materials with
refractive indices within this range are most suitable for performance as optical switch and
limiter for the proposed structure.
Table 5. Extinction ratio for refractive indexes in log scale for square PC lattice structure with
microcavity at a distance 2a from the centre of the waveguide

Refractive index

Extinction Ratio

2.50

2.34

2.60

2.19

2.70

2.81

2.80

2.09

2.90

1.81

3.00

1.92

3.10

1.63

3.20

1.08

3.30

1.43

3.40

0.93

3.50

0.75

6. CONCLUSIONS
In the proposed structure containing a single waveguide obtained by removing a row of
dielectric rods and an adjacent microcavity obtained by removing a circular rod best
performance was obtained for group III-V materials AlGaAs and GaAs with square lattice
type with the microcavity at a distance 2a from the waveguide. The AlGaAs square lattice
with cylindrical rod radius of 0.1843a has a resonant wavelength of 2.589µm while GaAs of
rod radiud 0.2a has resonant wavelength of 2.6432µm. For the group IV element Ge, the
performance of the proposed switch for the square lattice type was better than the hexagonal
lattice with the radius 0.1830a and microcavity at a distance a from the waveguide. The
resonant wavelength for the proposed dimensions was 2.682µm. Evaluation of the nonlinear
responses of Ge shows that its behaviour as a switch is poor. In group II-VI element ZnS
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square lattice had no TM band gaps and cannot be used. For ZnS hexagonal switch structure,
optimal radius was obtained as 0.2400a. The best performance was observed for this structure
when the microcavity was 3a from the waveguide.
The resonant wavelength for the proposed dimensions was 2.3048µm. Further, ZnS
behaviour as a switch is poor due to low average transmission. For the performance of the
proposed structure as an optical limiter, AlGaAs showed best performance with the threshold
refractive index change at 0.05. By adjusting the lattice constant for the operating frequency
of the optical limiter and the switch can be fine-tuned. The lattice constant for the most
commonly used telecommunication wavelength (1.55µm) was found to be 0.5479µm for
AlGaAs and 0.550µm for GaAs. Best refractive index range for a material show high
performance to the proposed model lies in the range of 2.50 to 3.20.
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