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Abstract— Presently, the propagation of electromagnetic waves in photonic crystals has become the subject of extensive 
research due to its remarkable properties. Photonic crystal is an artificial dielectric structure in which the nature of the photons 
is the same as that of electrons in a semiconductor crystals and it has inspired a lot of fundamental research on light–matter 
interaction. The tailoring of photonic band gap with designing parameters is a key for the designing of advanced photonic 
devices with desired properties. In this paper, MATLAB simulation of 1D photonic crystal using transfer matrix method 
(TMM) is presented and important results are discussed. 
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I. INTRODUCTION 
 
  Photonic Crystal (PCs) has opened a new door for 
advanced photonic component due to its amazing 
properties [1]. Photonics devices are having several 
advantages over electronic for example light speed in 
dielectric material is faster than the electron speed in 
metallic wire, larger bandwidth of dielectric material 
than the bandwidth of metals and less energy loss 
occurred in photons as compare to electron. However, 
development of optical integrated circuits has certain 
problems such as unavailability of such materials 
which can be engineered for optimal photon trapping 
and confinement without losses at the sharp corners of 
the waveguides. In this context, photonic band 
structures or photonic crystals are the promising one 
to overcome such difficulties and leading continued 
progress of advance optical integrated circuits. 
Intensive research on photonic crystals has been 
attempted after the pioneer works of Yablonovitch and 
John in 1980s [2-3]. Photonic crystals are periodic in 
nature with its constituent materials and possess 
forbidden bands of specified frequency/wavelength 
into which light propagation is prohibited.  Photonic 
crystals are typically classified as one, two, and three 
dimensional depending on the periodic layers 
arranged within the structure. One dimensional (1D) 
photonic crystals have got wide applications in 
waveguides, laser, omni-directional reflectors, ultra 
fast optical switches, antennas, fibers, multiplexer, 
de-multiplexer, biosensors  waveguides and solar 
cells. 
 
II. DESIGNING APPROACH 
 

One-dimensional photonic crystals are the 
dielectric layers consisting of alternating layers of  

 
high and low refractive indices. The critical 
parameters of engineering the photonic band gap are 
lattice constant, refractive index contrast, thickness of 
each layers and angle of incident. Figure 1 shows 1D 
photonic crystal structure of refractive indices n1 and 
n2 and thicknesses d1 and d2 respectively with lattice 
constant Λ=d1+d2.  

 

 
 

Fig.1 One-dimensional photonic crystal structure. 
 
The refractive index profile of considered structure 
can be given as 
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The layers are considered homogeneous in 
z-direction, so the electric field equation that satisfies 
the Maxwell’s equation can be given as 
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where β is the z component of wavevector which 
remains constant in entire medium. In each medium 
the electric field is superposition of incident and 
reflected waves. The electric field in the same layer 
can be given as 
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The z component of the wave vector in ith layer can be 
represented as,  
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with i= 1, 2 and c  is the wave number 
electromagnetic wave in the vacuum where ω and c 
are the angular frequency  and speed of light in 
vacuum. One can obtain a dispersion relation between 
frequency and tangential component of the 
wavevector and Bloch wavevector K. This dispersion 
relation defines the band structure of periodic 
dielectric media i.e. 1D photonic band gap and 
expressed as [4]  
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The solution of above equation for K is real in the 

regimes   1
2
1

 DA , which are corresponding to the 

propagating Bloch waves (pass band) and when   

  1
2
1

 DA , the values of K become complex which 

consists of an imaginary and a real part corresponding 
to the evanescent and propagating Bloch waves. 

However the regimes   1
2
1

 DA , defines the band 

edges. 
 
III. RESULTS & DISCUSSION 
 

Figure 2(a) shows the dispersion diagram of 1D 
photonic crystal for normal incidence. The existence 
of photonic band gap appeared when the value of 
Bloch wavevector becomes complex.  
 

 

 
Fig. 2 Normalized wavevector (a) and reflectance (b) as a 

function of normalized frequency. 
 
However, the real values are corresponding to the pass 
band and imaginary values are corresponding to the 
forbidden band gap. The range of photonic band gap is 
from (1.58-2.08), in which the propagation of light is 
prohibited. The considered values of refractive indices 
were n1=2.2 and n2=1.4 respectively. Figure 2(b) 
shows the reflectance of 1D photonic crystal as a 
function of frequency. The figure discloses a complete 
band of frequencies in which the reflectance is 100% 
corresponding to the complete photonic band gap 
shown in figure 2(a). The optical and physical 
parameters have its significant role for the designing 
of the photonic band gap such as angle of incidence, 
lattice constant, refractive index contrast, thicknesses 
of each layers, and number of periods. It is observed 
that as the no. of periods increases the reflectance goes 
to maximum. Hence, in order to tune the maximum 
reflectance, 30 numbers of stacks of higher and lower 
refractive index layers were assumed. A large 
refractive index contrast with considered structure is 
needed to acquire a large photonic band gap. The 
incidence angle of light is a key factor in order to tune 
the photonic band gaps and accordingly the increment 
in the incidence angle causes the shifting of photonic 
band gaps at higher frequency ranges with the 
widening of bandwidths.  

 
Fig. 3 Band gap and reflectivity of 1D photonic crystals as 

function of normalized frequency. 
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Figure 2(a) and 3(a) shows the dependency of 
photonic band gap on refractive index contrast at 
θ=450 for TE polarization. The bandwidth of photonic 
band was found to be increased with the increase of 
refractive index contrast. Similarly, the reflection 
spectra for different refractive index contrast are 
shown in the figure 2(b) and 3(b).  It is observed that 
as the refractive index contrast increases the photonic 
band gap becomes wider and shifted to higher 
frequency regions. Hence, the higher frequency 
regions can be tuned with respective to the refractive 
index contrast of its constituent layers. The band gap 
analysis for TE polarization is explored in table I. 

 

Table I 
Freq. Range. Pass-Band Stop-Band Pass-Band 
For normal 
incidence &    
RI contrast=2 

0.02-1.58 1.58-2.08 2.08-3.68 

For normal 
incidence  & 
RI contrast=1.57 

0.02-1.64 1.64-2.58 2.58-4.22 

For angle θ=450 
& RI contrast=2 

0.72-1.72 1.72-2.26 2.26-3.74 

For angle θ=450 
& RI contrast 
=1.57 

0.92-1.96 1.96-2.68 2.68-4.34 

The electric field distribution (perpendicular 
polarization) in x-direction for two different refractive 
index contrasts is plotted in figure 4. 

 

 
Fig. 4 Electric field versus x-distance at θ=450 for refractive 

contrast 2 (a) & 1.57 (b). 
 
 
 
 
 
 
 
 
 
 

It is observable that the electric field is oscillating 
nature in the layer. The existence of dielectric periodic 
crystals in the same direction affects the position and 
width of the photonic band gaps in photonic crystals. 
The amplitude and wavelength of the electromagnetic 
fields can be modulated varying the relative phase 
between the crystal profiles. 
 
CONCLUSIONS 
 

A complete designing and simulation of 1D 
photonic crystal has been presented. The obtained 
solution of Bloch wavevector is found to be complex 
whereas the real and imaginary values were 
corresponding to the pass bands and forbidden bands 
respectively. Photonic band gaps have been obtained 
for two distinct refractive index contrasts and it is 
found that as the refractive index contrast increases 
the bandwidth of photonic band gap is increased.  As 
the angle of incident increases the forbidden 
bandwidth was also found to be increased and shifted 
to higher frequency regions. The oscillation of electric 
field is observed to be more at the band edges with 
respect to the distance. 
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