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This paper considers some features of the states of one-dimensional photonic 
crystals. Based on the numerical results performed by the transfer matrix method 
in a periodic multilayer structure made of titanium dioxide and tellurium material, 
the structure possesses a photonic band gap. The structure was determined to 
have a photonic band gap in the borderline visible and infrared spectral region. 
Our predictions were in good agreement with the photonic bandgap tuning. Our 
simple model can also predict and explain the effect of incidence angle and 
wavelength and the number of layers on the photonic bandgap. The band gap of 
TiO2/Te, which has an increase in layers up to 64 layers by the periodic sequence 
and is sensitive to the angle of radiation and the wavelength of the incoming light, 
is in the range of 700 nm to 900 nm. We expect such structures to play an 
important role in micromechanical tunable optical sensors and filters. 
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INTRODUCTION 
Photonic crystals (PCs), which 

Yablonovitch and John first proposed as 
analogs to electronic semiconductors, have 
been the subject of much attention over the 
past decade due to their laser technology, 
optical telecommunications, computing, and 
potential applications in optoelectronics. A 
photonic crystal is a formation in which the 
refractive index is varied regularly, as well the 
resulting photonic dispersion has a band nature 
similar to the electrical band structure in a solid 
[1]–[5]. It can produce strong light, reduces 
light, is easy to enlarge, and has a small size [6], 
[7]. Photonic crystals are electromagnetic 

media that are periodically organized and 
generally possess photonic band gaps (PBGs). 
The presence of photonic band gaps (PBGs) 
brought about unprecedented forces to 
regulate and control as well as tamper with the 
propagation of electromagnetic (EM) waves 
[8]–[11]. One of the main features of PC 
photonic band gaps (PBGs) is in the wave 
dispersion and transmission spectrum. It is the 
frequency range over which electromagnetic 
waves (EMWs) cannot be carried periodically 
[12]–[14]. 

The periodic structure of various refractive 
index materials influences photon propagation 
owing to varying PBG, and such PBG is 
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important in optical applications [15]–[19]. The 
transfer matrix method is a popular technique 
used to analyze photon crystals. Using a 
transfer matrix, the electric field's amplitude 
and its slope (the magnetic field) can be related 
from one layer to another. Due to their 
simplicity in fabrication and wide range of uses 
in optic engineering, photonic equipment, optic 
filters, resonant spaces, and the application of 
lasers, 1D-photonic crystals are the most 
prevalent and well-known type of thin film 
technology [14], [20]–[23]. The simple 
structure of one-dimensional photonic crystals 
(1D-PCs) can be easily made [24]. Gondek et al. 
proves that the selective back reflectors based 
on 1D PCs have the potential as sunlight 
concentrators that can be applied to improve 
photovoltaic systems [25]. 

In previous experiments on synthetic 
crystals and thin films, TiO2/SiO2, and 
TiO2/Al2O3, were used to fabricate these thin 
films. Mbakop et al. used a TiO2/SiO2 1D-PhCs 
multilayer structure to observe the frequency 
variation and transmission of final light [26], 
[27]. The period and incident angle are 
different. The optical characteristics of one-
dimension (1D) photonic crystals (PCs) were 
examined experimentally and theoretically. 
The 1D PCs were essentially multilayer films 
made of high and low indexes (TiO2 and Al2O3) 
materials. TiO2/SiO2 has also been generated 
utilizing dc magnetic sputtering with 
successive TiO2 dipoles and radio frequency 
magnetic sputtering to make SiO2 with a broad 
visible photonic bandwidth [19], [28], [29]. 
Although TiO2 has been treated as the main 
layer because of its optical properties, trillium 
is also used in some studies, such as ODR in 
alternating fullerene-tellurium photonic crystal 
(PC) systems in one dimension (Te). The 
proposed structures produce 100% reflection 
over a fairly large wavelength range in the 
visible and a comparatively small percentage of 
the EM spectra near the IR region [28]–[30]. 

In this paper, we use the combination of Te 
and TiO2. Each one-dimensional photonic 
crystal in the two analyzed structures is 
composed of two dielectric layers with different 
refractive indices that are repeated very 
accurately and are theoretically studied using 
the transition matrix method (TMM). The uses 
of TiO2/Te are purely scientific. They were 
studied recently in the field of nanotechnology. 
After that, we present work on 1D photonic 

crystals to fabricate a spectrum filter capable of 
transmitting and reflecting light in the infrared 
band centered from 700 nm to 900 nm. Begin 
the Introduction by providing a concise 
background account of the problem studied. 
 

METHODS 
   We have been inspired by the use of the 

transmission matrix method (TMM) to 
calculate the theory of reflection and the 
transmission spectrum [31]–[33]. There are 
basic deterministic laws that describe periodic 
photonic structures and cause them to form is 
periodic. In this paper, titanium dioxide (TiO2) 
and tellurium (Te) material-based one-
dimensional periodic crystal has been taken 
into consideration. The periodic photonic 
crystal with layers of TiO2 and Te may be 
created deterministically by stacking the two 
building blocks of A and B, where S(Δz) = (AB)N: 
where A and B represent the layers of TiO2 and 
Te, respectively, and N denotes the number of 
lattice periods, as shown in Figure 1. The 
generating rule is executed repeatedly to 
produce: 𝑆1=AB, 𝑆2=ABAB, 𝑆3=ABABABAB, et 
[34]. Figure 1 depicts the periodic multilayer 
construction that is implanted in the air. In this 
multilayer-containing (periodic) structure, 
layers A and B are anticipated to have 
thicknesses of 𝑑𝐴 and 𝑑𝐵, respectively. 
Consequently, the A and B layers are regarded 
to be positive-index isotropic materials. 

The 1D periodic component in the air is 
composed of identical dielectric layers A and B, 
stacked according to the periodic array. A 
schematic sketch of the one-dimensional 
periodic structure embedded in the air can be 
seen in Figure 1. 

 

 
Figure.1 Schematic sketch of the one-dimensional 

periodic structure embedded in air. A 
(TiO2) and B (Te) thicknesses are 
supposed to be dA and dB, respectively. 
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Along the z direction, we assume that the A 
layers are Titanium dioxide (TiO2) films with a 
refractive index of 2.6 and the B layers are 
Tellurium (Te) with a refractive index of 4.8. 
We use the transfer matrix method to compute 
the transmission spectrum of the layered 
structure for an electromagnetic wave on the 
structure from the air at an angle of incident θ. 
For transverse magnetic (TM) and transverse 
electric (TE) waves, it is assumed that the 
electric field E and magnetic field H are in the x 
direction (the dielectric layers are in the xy 
plane). We can show the transfer matrix. 

(Δz,ω) = (
cos(k𝑧

𝑗
Δz)

𝑖

𝛽𝑗
sin(k𝑧

𝑗
Δz)

𝑖𝛽𝑗 sin(k𝑧
𝑗Δz) cos(k𝑧

𝑗Δz)
),      (1)  

connects the tangential components of the 
electromagnetic fields at the beginning of the 

jth layer to those at the end [35]. Here, 𝑘𝑧
𝑗
= 

(ω/c)√𝜖𝑗  √𝜇𝑗  √1 − 𝑠𝑖𝑛2𝜃/𝜖𝑗𝜇𝑗  is the 

component of the wave vector along the z-axis 

in the jth layer, βj= (𝑘𝑧
𝑗
/𝜔𝜖0𝜖𝑗) for transverse 

magnetic field (TM) wave, where 𝜖0 is the 

permittivity of the vacuum, and βj= (𝑘𝑧
𝑗/𝜔𝜇0𝜇𝑗) 

for transverse electric field (TE) wave where 𝜇0 
is the permeability of vacuum, c is the speed of 
light in vacuum. The total TMM for the 1D 
photonic crystal is given by 

M=(
𝑀11 𝑀12

𝑀21 𝑀22
),                                                     (2)               

Can be solved for the reflection and 
transmission coefficients in terms of the 
transfer matrix elements to give  

𝑟 =
𝛾0𝑀11 + 𝛾0𝛾𝑠𝑀12 − 𝑀21 − 𝛾𝑠𝑀22

𝛾0𝑀11 + 𝛾0𝛾𝑠𝑀12 − 𝑀21 + 𝛾𝑠𝑀22
 

𝑡 =
2𝛾0

𝛾0𝑀11 + 𝛾0𝛾𝑠𝑀12 − 𝑀21 + 𝛾𝑠𝑀22
 

where we have writing  

𝛾0=𝑛0 √𝜖0𝜇0 cos 𝜃0         

𝛾𝑠=𝑛𝑠  √𝜖0𝜇0 cos 𝜃𝑠  

and the total reflectance and transmittance 
𝑇 = |𝑡|2 

𝑅 = |𝑟|2 

The treatment of TE waves is similar to that of 
TM waves. 
 

RESULTS AND DISCUSSION 
This section shows the reflection bands in 

all directions for TE and TM waves and the 
numerical analysis of the proposed computer 
settings. The transmission matrix method is 
used to model the transmission and reflection 

through this multilayer thin film. Two different 
materials with different refractive indices are 
used: titanium dioxide (TiO2) a refractive index 
of 2.6 and tellurium (Te) with a refractive index 
of 4.8, which are periodically arranged. In this 
analysis, we presented some R reflectance and 
T transmittance properties as different 
TiO2/Te parameters in homogeneous media 
with thin films at different wavelengths. 
Periodic (1D) structure does not consider the 
number of layers, refractive index contrast, or 
whether the electrical parameters are 
homogeneous [36]. Let us now consider a 1D 
periodic multilayer. It consists of two building 
blocks named A and B. In our simulation 
findings, medium A is titanium dioxide with a 
refractive index of 2.6, and medium B is 
tellurium (Te) with a refractive index of 4.8. The 
thickness of the bilayers (𝑑𝐴  = 40 nm and 𝑑𝐵 = 
60 nm) and the arrangement of the number of 
different layers in TiO2 and Te. 

Figures 2, 3, and 4 illustrate the reflectance 
and transmittance coefficients for various layer 
numbers and wavelengths at various angles. 
The photonic crystal's unique structure and 
features determine the relationship between 
reflectance and transmittance against the angle 
of incidence in a photonic crystal at a 
wavelength of (500 nm, 800 nm, and 1000 nm). 
The reflectance and transmittance of a photonic 
crystal can be calculated at normal incidence 
(i.e., when the light is perpendicular to the 
surface) using the Bragg condition, which states 
that the wavelength of light reflected or 
transmitted by a photonic crystal must be equal 
to twice the crystal's lattice constant times the 
size of the angle of incidence. The photonic 
band gap of a one-dimensional (1D) thin film 
can disappear in the Bragg situation at the time 
of TM [37]. The constructive interference of 
waves reflected or transmitted by the crystal is 
the basis for this state. The connection between 
reflectance and transmittance grows 
increasingly complicated as the angle of 
incidence increases. This is because the interior 
structure of the crystal influences light wave 
propagation in a way that is dependent on the 
angle of incidence. The band structure of the 
crystal, which characterizes the allowed and 
prohibited wavelengths of light, changes with 
the angle of incidence, affecting reflectance and 
transmittance qualities. A photonic crystal can 
be built up of many layers of alternating 
materials with different refractive indices, and 
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the number of layers can affect the crystal's 
band structure and optical properties. 
Increasing the number of layers in a photonic 
crystal may result in smaller band gaps or 
wavelength ranges that cannot pass through 
the crystal. This might result in higher 

reflection and poorer transmittance at 
specific incidence angles and wavelengths 
within the band gap region.  

 

 

 
Figure 2 Reflectance and Transmittance vs. the 

incident angle for different values of the 
number of lattice periods is N at 
wavelength =500nm. 

 
To start our work, we used a photonic 

crystal structure, which is arranged 
periodically, as we mentioned above, made of 
titanium dioxide and trillium, and we 
periodically increased the number of layers. We 
want to know the state of the reflection and 
transmission coefficients. The light we use with 
our structure is from the visible and infrared 
spectral regions. The first wavelength we used 
is in the green light region, which is 500 nm, 
shown in Figure 2. It has been found that with 
the increase of the numeral of lattices, periods 
are the N, the coefficients of reflection and 
transmission are more affected, in the 

continuation of a certain angle which is 33 
degrees, they give the same result in 
transmission and reflection.  

At a wavelength of 800 nm (see Fig. 3), 
which lies at the interface of the visible and 
infrared spectra, it is unexpected to observe 
that the reflection coefficient attains its highest 
value, and the transmission coefficient reaches 
its lowest value with an increase in the number 
of layers. This means that as the number of 
layers increases, the material reflects lighter, 
allowing less light to pass through at this 
specific wavelength. Here we claim that it takes 
us toward the stop band because when we 
increase the number of layers, the reflection 
coefficient reaches its peak, which is one of the 
optical properties of photonic crystals. 

 

 
Figure 3 Reflectance and Transmittance vs. the 

incident angle for different values of the 
number of lattice periods is N at 
wavelength =800nm. 

 
The last wavelength of our desired light with 
our structure is 1000 nm, which is in the near-
infrared region as shown in Figure 4. We expect 
that our structure will show itself in a way. 
Whenever we increase the number of layers, 
the reflection and transmission coefficient will 
be complex. show, at an angle of 39 degrees for 
N=3 to N=7, the maximum amount of incident 
light passes, unlike the reflection coefficient, 
which reaches its lowest value at that angle, no 
light is reflected. 
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Figure 3 Reflectance and Transmittance vs. the 

incident angle for different values of the 
number of lattice periods is N at 
wavelength =1000nm. 

 

Calculated transmission and reflectance 
spectra of the photonic crystal formed in the 
period N=1-6 are shown in Fig. (5). Photonic 
crystals have a narrow photonic band gap in the 
near IR region. The narrow photonic band gap 
is attributed to slight differences in the 
refractive index of the constituent substance 
(Tio3/Te). Matsushita et al. discover that The 
refractive index of TiO2 using 2D-PBG band gap 
width from the refractive index map point of 
view is very helpful for real applications of TiO2 
structure [38]. A photonic crystal's reflection 
(R) and transmission (T) properties could be 
tuned by changing the numeral of layers in the 
crystal structure. As the numeral of layers 
increases, the photonic crystal becomes thicker, 
which can lead to changes in the reflectance and 
transmittance spectra. At normal incidence (i.e., 
when the light is incident perpendicular to the 
surface of the photonic crystal), the reflectance 
and transmittance spectra of a photonic crystal 
will typically exhibit a series of peaks and 
valleys, known as photonic stop bands or band 
gaps. These stop bands arise from the 
interference between the waves that are 
reflected and transmitted at each layer 
interface within the crystal structure. By 
increasing the number of layers in the photonic 
crystal, the width and position of these stop 

bands can be tuned specifically as the number 
of layers is increased.  
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Figure 4 Photonic bandgap structure of periodic 

structure consisting of TiO2/Te photonic 
crystal in terms of wavelength 
considering normal incident angle for 
light reflection and transmission. 

 
The width of the stop bands will typically 

decrease, while the position of the stop bands 
will shift to higher energies (shorter 
wavelengths) due to the increased path length 
of the light through the crystal. Additionally, 
increasing the number of layers in a photonic 
crystal can enhance its reflectance properties. 
This is because more interfaces between layers 
in the crystal structure can lead to a more 
efficient reflection of incident light. As a result, 
photonic crystals with more layers and specific 
wavelengths can show higher reflection and 
lower transmittance than crystals with fewer 
layers. Therefore, the design of a photonic 
crystal with a specific number of layers must be 
carefully considered to achieve the desired 
optical properties while maintaining its 
structural integrity. 

Effect of the incident angle, the photonic 
band gaps originating from the structure are 
shifted to shorter wavelengths with increasing 
the incidence angle. This behavior is not a 
surprise. Figure 6 presents the reflection and 
transmission vs. the wavelength of light for 
different values of the incident angle. We deal 
with this problem to see if the angle of 

incidence of light affects the position of our stop 
band. Considering our target structure which is 
composed of titanium, which is arranged 
together with a period, we used a 64-layer 
structure for this work. Where n=5, the number 
of titanium layers is equal to the number of 
trillium layers. It is very clear in Figure 6 that 
when we increase the angle of incidence, the 
position of the band gap has shifted from the 
wavelength of our spectrum to shorter 
wavelengths. 

The last Figure 7 shows the transmittance 
spectra of 1D Titanium dioxide -Tellurium 
periodic multilayer sequence for both TE (see 
figure. 7(a), (c), (e) and TM (Figure. 7(b), (d), 
(f)) polarizations versus visible- near-infrared 
wavelength range at different angles of the 
incident as 00 (black solid line), 300(blue 
dashed line) and 600(red dotted line). It is clear 
from these figures that in the transmission 
spectra TiO2/Te, there is a band gap for both TE 
and TM waves started in the visible wavelength 
region nearly 700nm to 900 nm, based on the 
same graph, as the angle of incidence increases 
for both TE and TM polarizations, the upper and 
lower sides of the gap shift to longer 
wavelengths. Conversely, Mbakop et al. argue 
that TiO2/SiO2 structure has a small band gap 
caused by its high refractive index [39]. The 
varying angle behavior makes TM polarization 
more sensitive than Te.  
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Figure 5 Photonic band gap structure of periodic 
TiO2/Te photonic crystal in terms of 
wavelength and incident angle for both 
reflection and transmission of light. 
Simulated reflection spectra of the 1DPC 
at two different angles (0° ,30°,60° 85°)  

 
The bandwidth and reflectance spectra of 

the one-dimensional periodic photonic crystal 
multilayer structure consisting of titanium 
dioxide (TiO2) and trillium (Te) material have 
the same huge reflection attributes. They may 
be used as broadband reflectors in the visible 
and near-infrared regions of the 
electromagnetic spectrum. This study of 1D-PC 
with Tio2/Te materials may help make 
broadband reflector devices using thin-film 
technology. It may give us new knowledge 
about broadband reflector devices in visible 
and near-infrared regions. 

 

 

 

 

 

 
Figure 6 Transmission spectra of S4 S5 S6 Titanium 

dioxide (Tio2) and Terllium (Te) periodic 
structure for TE and TM polarization at a 
different angle of the incident as 00 (black 
solid line), 300(blue dashed line), and 
600(red dotted line) 

 
CONCLUSION  

The transfer matrix approach revealed 
that the photonic crystal structure consisting of 
TiO2 and Te is sensitive to light radiation angle, 
wavelength, and crystal layer number. By 
carefully choosing the number of layers and 
materials, this structure may provide extremely 
specialized spectrum filtering or reflectance 
qualities, making it valuable for many 
applications. Photonic crystals can phase-
control light propagation, including spectrum 
filtering, waveguiding, and sensing, as shown in 
our work. These structures will be more 
significant in developing next-generation 
optoelectronic devices such as high-speed 
communication systems, sensors, and solar 
cells. Our discoveries on photonic crystal 
structure design and optimization should 
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motivate more studies on this intriguing 
subject. 
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