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Abstract
Transmittance property of 1D photonic crystal structure is studied 
by varying dimensional configuration as well as by varying 
material composition at different wavelength ranges suitable for 
optical communication. Transfer matrix technique is considered 
for simulation purpose and AlxGa1-xAs/GaAs material is chosen 
as unit block of the periodic organization. AlxGa1-xAs layer is 
considered as the outermost of the structure, and its refractive 
index is considered as a function of material constitution. Material 
having lower refractive index possesses greater width in lateral 
dimension compared to that of the material having higher 
refractive index. Variation of ratio of thicknesses of the structure 
or suitable choice of material composition shifts the operating 
wavelength towards the desired value, thus making it useful for 
optical communication as bandpass filter.
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I. Introduction
Photonic crystals or periodic dielectric materials are one of the 
revolutionary building blocks for the next generation optical 
communication due to the ability of exhibiting arbitrarily different 
dispersions for the propagation of electromagnetic waves, and 
also prohibiting propagation at certain frequency ranges raising 
the concept of photonic bandgap. Researchers in the previous 
decade studied 1D, 2D or 3D photonic bandgap structures 
capable of operation in microwave, infrared and visible ranges of 
electromagnetic spectra, though three-dimensional microstructures 
are not very easy to realize at near-infrared and optical wavelengths 
for experimental workers [1]. Photonic crystals have been used 
to construct optical waveguides [2], switches [3], high efficient 
LED [4], filter [5], photonic band-edge laser [6] etc. 1D spatially 
periodic photonic bandgap microstructures have been studied 
by various researchers in the last decade due to the advantage 
of theoretically analyzing optical characteristics near accurately 
with lack of confinement in two spatial dimensions, and novel 
microelectronic growth processes makes it easier for further 
analysis.      
Fundamental analysis of electromagnetic wave propagation inside 
1D photonic crystal was carried out by Rudziński [7] for both 
TE and TM mode using transfer matrix technique. Transmission 
characteristics of 1D periodic 10-layer structure was studied 
by Dasgupta [8], using transfer matrix method at 1550 nm 
wavelength for signal processing. Later Nagara [9], replaced 
one type of semiconductor by metal along with a defect rod to 
analyze the same using FDTD method. Effect of refractive index 
of dielectric material on transmission spectra [10], for designing 
multi-narrow channel band filter was analyzed by optical transfer 
matrix technique. GaAs/AlGaAs material composition based PBG 
structure is theoretically considered for modeling heterojunction 
bipolar phototransistor device at lower optical wavelength region 

[11]. Optical transmission was also studied using negative 
refractive index metamaterial along with conventional dielectric 
[12] at THz domain.
In this paper, transmittivity profile of 11-layer one-dimensional 
photonic crystal structure is analyzed using transfer matrix 
technique considering AlxGa1-xAs/GaAs structure. Refractive index 
of AlxGa1-xAs material is varied with material composition and 
variation is limited within type-I configuration and corresponding 
transmittivity profile is obtained in optical communication range. 
Width of AlxGa1-xAs layer is always taken as higher compared 
to the width of GaAs layer, and ratio of dielectric slabs is varied 
to see the effect on transmittance at maximum attenuation region. 
870 nm, 1330 nm and 1550 nm wavelengths are taken as region 
of interest for simulation purpose. The analysis will effectively 
help the designers to consider appropriate dimensional ratio and 
material composition for transmittance study suitable for optical 
communication.

II. Mathematical Modeling
Consider the smallest unit of 1D photonic crystal structure 
comprising of GaAs/AlxGa1-x As material composition where 
forward and backward propagating waves are given by-

    (1)

    (2)
where, rij and tij are reflectivity and transmissivity in passing from 
layer i to layer j. They are related to the refractive indices of the 
materials following Fresnel’s equation as

    (3)
and

    (4)
The reflectivities r and transmissivities t are coupled by the 
relation

122 =+ tr      (5)

Fig. 1: Schematic Picture of Forward and Backward Waves in 
Smallest Unit of 1D Photonic Crystal

From the wave equations, transfer matrix corresponding to the 
interface can be obtained as
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   (6)
Considering the phase factor of the field propagating through 
uniform medium, propagation matrix is given as

 (5)
where, di is the propagation length in ith layer, and ki is the 
wavevector in that layer. Thus, transfer matrix for the elementary 
cell is 

2211 PMPMM TT=     (6)
For a perfectly periodic medium composed of N such elementary 
cells, the total transfer matrix for such a structure is 

Ntot MM =      (7) 
and wave coefficients are related with the total transfer matrix 
as 
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Since eigenvectors of a periodic structure are the Bloch modes, 
so 
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So eigenvalue equation becomes

   (10)
where, Λ is the periodicity of the grating. Solution of this eigenvalue 
equation gives propagation vector as-

   (11)

III. Numerical Analysis
Numerical simulation is carried out using transfer matrix technique 
considering AlxGa1-x As/GaAs composition where variation of Al 
mole fraction is limited within type-I configuration and refractive 
index is also considered as a function of the material composition. 
Width of the material having lower index is considered larger than 
that of the material having higher index, and any GaAs layer is 
always surrounded by two AlxGa1-x As layers. 

Fig 2: Transmittivity profile of 1D GaAs/Al0.3Ga0.7As photonic 
crystal at 870 nm

So for 11-layer stack, 6 AlxGa1-xAs layers are considered with 
5 GaAs layers. Operating wavelengths are chosen for optical 
communication purpose, and for GaAs/Al0.3Ga0.7As composition, 
transmittivity profiles are analyzed at 870 nm, 1330 nm and 1550 
nm for specified dimensional configuration, as shown in fig. 2, 
fig. 3 and fig. 4.

Fig 3: Transmittivity profile of 1D GaAs/Al0.3Ga0.7As photonic 
crystal at 1330 nm

It has been observed that by appropriate choice of ratio of 
widths of dielectric slabs, high transmittivity can be obtained 
at desired wavelength. Photonic bandgaps arise away from the 
centre wavelength at both the sides, which are forbidden zone for 
propagation, and it acts like a band-pass filter. Width of photonic 
bandgap depends on the periodicity under consideration.

Fig 
Fig. 4: Transmittivity Profile of 1D GaAs/Al0.3Ga0.7As photonic 
crystal at 1550 nm

For a particular wavelength window, occurrence of the photonic 
bandgap can be varied by changing the material composition of 
AlxGa1-xAs layer, and hence modulating the periodicity of refractive 
indices of the dielectric slabs. It is plotted in fig. 5. It may be 
concluded form the result that by increasing the mole fraction of 
Al, refractive index of the material is lowered, resulting a shift of 
photonic bandgaps towards lower wavelength region. 
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Fig. 5: Transmittivity Profile of 1D Photonic Crystal for Different 
Material Composition

For specified material constitution, it is observed that by modulating 
the ratio of widths of dielectric slabs, photonic bandgaps can be 
shifted in either side of the wavelength region.

Fig. 6: Transmittivity Profile of 1D Photonic Crystal for Different 
GaAs Thickness for Specified AlxGa1-xAs Thickness and Material 
Composition

The consequence of this property is the possibility to transpose a 
one-dimensional photonic crystal design from the lower wavelength 
to higher wavelength range. Fig. 6, shows the possibility where 
lateral width of AlxGa1-xAs layer is kept constant, and width of GaAs 
layer is modulated. Fig. 7, shows the opposite, where thickness 
of GaAs layer is fixed, and that of the AlxGa1-xAs is varied. The 
simulation is carried out for a specified material composition.

Fig. 7: Transmittivity Profile of 1D Photonic Crystal for Different 
AlxGa1-xAs Thickness for Specified GaAs Thickness and Material 
Composition

IV. Conclusion
Transmittance profile of one-dimensional 11-layer photonic crystal 
is analyzed considering AlxGa1-xAs/GaAs structure by transfer 
matrix technique. Variation of Al mole fraction is limited within 
type-I configuration for suitability of optical communication, 
and AlxGa1-xAs layer is taken as the interfacing layer with air 
from both the sides of confinement direction. Lateral width of 
AlxGa1-xAs layer is always considered as higher than that of the 
GaAs layer throughout the simulation. Transmittivity profiles are 
obtained centered at 870 nm, 1330 nm and 1550 nm by varying 
dimensional configuration as well as material composition, 
where refractive index of AlxGa1-xAs material is considered as a 
function of mole fraction. Parameters are chosen in such a way 
so that centre frequency is always surrounded by two photonic 
bandgaps, making it a perfect candidate for bandpass filter at 
optical communication range.    

References
[1] Andreani, L. C.; Agio, M.; Bajoni, D.; Belotti, M.; Galli, 

M.; Guizzetti, G.; Malvezzi, A. M.; Marabelli, F.; Patrini, 
M.; Vecchi, G.,“Optical Properties and Photonic Mode 
Dispersion in Two-Dimensional and Waveguide-Embedded 
Photonic Crystals”, Synthetic Metals, Vol. 139, 2003, pp. 
695–700.

[2] Mekis, A.; Chen, J. C.; Kurland, I.; Fan, S.; Villeneuve, P. 
R.; Joannopoulos, J. D.,“High Transmission through Sharp 
Bends in Photonic Crystal Waveguides”, Physical Review 
Letters, Vol. 77, 1996, pp. 3787-3790.

[3] Chen, J. C.; Haus, H. A.; Fan, S.; Villeneuve, P. R.; 
Joannopoulos, J. D.,“Optical Filters from Photonic Band 
Gap Air Bridges”, Journal of Lightwave Technology, Vol. 
14, 1996, pp. 2575-2580.

[4] Fogel, I. S.; Bendickson, J. M.; Tocci, M. D.; Bloemer, M. 
J.; Scalora, M.; Bowden, C. M.;  Dowling, J. P.; Pure and 
Applied Optics, “Spontaneous emission and nonlinear effects 
in photonic bandgap materials”, Vol. 7, 1998, pp. 393-408.

[5] Boroditsky, M.; Vrijen, R.; Krauss, T. F.; Coccioli, R.; Bhat, 
R.; Yablonovitch, E.,“Spontaneous Emission Extraction 
and Purcell Enhancement from Thin-Film 2-D Photonic 
Crystals”, Journal of Lightwave Technology, Vol. 17, 1999, 
pp. 2096-2112.

[6] Szczepański, P.,“Semiclassical Theory of Multimode 
Operation of a Distributed Feedback Laser”, IEEE Journal 
of Quantum Electronics, Vol. 24, 1988, pp. 1248-1257.

[7] Rudziński, A.,“Analytic Expressions for Electromagnetic 
Field Envelopes in a 1D Photonic Crystal”, ACTA Physics 
Polonica A, Vol. 111, 2007, pp. 323-333.

[8] Dasgupta, S.; Bose, C.,“Dielectric Material Based Band Gap 
Tailoring For 1D Photonic Crystal”, AIP Conf. Proc. 1147, 
2009, pp. 166-171.

[9] Negara, T. P.; Mardanih, Hardhienata, H.; Alatas, H., 
“Transmission Characteristics of 1D Metallodielectric 
Photonic Crystal with a Defect Rod”, AIP Conf. Proc. 1325, 
2010, pp. 182-185.

[10] Gao, Y.; Chen, H.; Qiu, H.; Lu, Q.; Huang, C.,“Transmission 
Spectra Characteristics of 1D Photonic Crystals with Complex 
Dielectric Constant”, Rare Metals, Vol. 30, 2011, pp. 150-
154.

[11] Khan, H. A.; Rezazadeh, A. A.; Sohaib, S.,“Modeling and 
Analysis of the Spectral Response for AlGaAs/GaAs HPTs 
for Short Wavelength Optical Communication”, Journal of 
Applied Physics, Vol. 109, 2011, pp. 104-107.



IJECT Vol. 3, IssuE 2, AprIl - JunE 2012 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g70   InternatIonal Journal of electronIcs & communIcatIon technology

[12] Maksimović, M.; Jakšić, Z.,“Optical Transmission of 
Phase-Compensated 1D Photonic Crystals Incorporating 
Negative-Index Material and Amplifying Medium”, Physical 
Chemistry, H-7-P, 2004.

Arka Karmakar is a undergraduate 
student in the Department of Electronics 
& Communication Engineering in RCC 
Institute of Information Technology under 
West Bengal University of Technology, 
Kolkata West Bengal, INDIA. He has 
research interest in photonic crystal 
structure and has already published a 
few papers in national conferences.  

Arpan Deyasi is an Assistant Professor 
in the Department of Electronics & 
Communication Engineering in RCC 
Institute of Information Technology 
under West Bengal University of 
Technology, Kolkata West Bengal, 
INDIA. He received B.Sc in Physics 
with Honours, B.Tech in Radio 
Physics & Electronics and M.Tech in 
Radio Physics & Electronics, all from 
University of Calcutta in 2000, 2003 

& 2005 respectively. Currently he is working in the area on 
semiconductor nanostructure from University of Calcutta. He 
has published a few papers in national & international journals 
and conferences.


