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Abstract. Understanding how light behaves in anisotropic materials is important for improving photonic devices, especially those
used in optical communication. In this work, we look at the propagation of TE-polarized light through a uniaxial anisotropic thin film.
The study is based on the Transfer Matrix Method and considers different film thicknesses (50—80 nm) as well as incidence angles

between 50° and 80°, within the UV—visible range.

From the results, it can be seen that increasing the thickness causes the maximum transmission to move gradually toward longer
wavelengths. This effect is mainly linked to the increase of the optical path inside the layer, which changes the interference conditions.
At the same time, a slight increase in reflection is noticed. When the incidence angle changes, the behavior is different, with a small

shift toward shorter wavelengths and some variation in transmission.

The analysis of phase, phase time, and group velocity also shows that dispersion plays an important role, and that- is affected by both
film thickness and angle of incidence. These observations indicate that anisotropic thin films can be used to adjust light propagation,

which can be useful for applications such as filtering, modulation, and dispersion control in optical communication systems.

Index Terms :

Light propagation, anisotropic media, thin films, transmission, reflection.

1 INTRODUCTION media, polarization plays a central role in determining

the overall optical response [3].
Thin-film optical devices play a crucial role in a wide

range of scientific and technological applications, Over the past decades, numerous studies have
including optical telecommunications, laser systems, investigated polarization effects in optical multilayer
integrated photonics and advanced optical sensing [1], structures. However, most of these works have focused

these devices consist of stacks of materials with on isotropic systems or simplified configurations, such

nanometric or micrometric thicknesses enabling precise as normal incidence or limited angular regimes [2-4].

control of light propagation through interference, Although anisotropic media have also been studied,

multiple  reflections and  selective transmission these investigations concern bulk materials or specific

phenomena [2]. Among the fundamental parameters polarization effects, without providing a comprehensive

governing light—matter interaction in such stratified analysis of anisotropic thin-film structures [5-6].
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In the case of transverse electric (TE) polarized waves,
where the electric field is perpendicular to the plane of
incidence, previous studies have mainly examined the
influence of structural parameters such as layer
thickness or incidence angle separately [3-7]. Such an
approach does not fully capture the coupled effects of
these parameters on key optical properties, including
reflection, transmission and resonance conditions.
Therefore, a complete understanding of TE-polarized
light propagation in anisotropic thin-film structures

remains limited [8].

Anisotropic media are characterized by direction
dependent dielectric properties, which significantly
influence electromagnetic waves propagation. This
anisotropy offers strong potential for the design of
advanced optical components, such as spectral filters,
selective mirrors and integrated waveguides [9-10],
where precise control of layer thickness during
fabrication is essential [11]. Nevertheless, a detailed
theoretical ~investigation of TE-polarized light
propagation in anisotropic thin-film particularly under
oblique incidence and as a function of structural, is still

lacking in the literature [12].

In this context, the present work focuses to the
theoretical study of TE polarized light propagation in a
uniaxial anisotropic thin-film structures. The optical
axis is assumed to be perpendicular to the plane of the
layers. The structure consists of a single anisotropic thin
film deposited on an isotropic substrate and surrounded
by an ambient medium [13]. The combined effects of
film thickness and incidence angle are systematically
analyzed in order to highlight their influence on the
optical response, including reflection, transmission,
phase, phase time, and group velocity[14].
The main contribution of this work lies in the systematic
investigation of the coupled influence of film thickness
and incidence angle on TE-polarized light propagation
in anisotropic thin films [15-16]. Unlike previous
studies that consider these parameters independently or

focus on isotropic systems, this work provides a

comprehensive analysis of their combined effect on both
spectral and temporal optical properties. The results
provide deeper physical insight into dispersion and
wave propagation mechanisms in anisotropic media and
contribute to the design and optimization of advanced
photonic devices for optical communication and signal

processing applications [17].

2 Theoretical model

In this work, we consider a thin film deposited between
air and a semi-infinite substrate. The thickness of the
film is denoted by d, and the incident light is assumed to
be a monochromatic plane wave arriving at an angle a.

The structure is illustrated in Fig. 1.
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Fig. 1. Schematic representation of the studied structure
consisting of a thin film of thickness d deposited
between air and a substrate. The incident TE-polarized

wave arrives at an angle o.

All media are assumed to be non-magnetic and without
losses. The propagation of light through the structure is
studied using the Transfer Matrix Method (TMM),
which is commonly used for layered optical systems

[18].

Although anisotropic media are generally described by
a permittivity tensor, in the case of TE polarization, the
analysis can be simplified by using an effective
refractive index. This approximation is widely used in

thin-film optics [19].

The phase thickness of the layer is given by :

d0=(2n/L) xnxdxcos(a) 0
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The transfer matrix M of the layer is written as [20] :

2
cos(k,d) j% sin(k,d)

1

M=( Ky .
j n—zsm(kzd) cos(k,d)
1

Where :
ko =2m/\
k, =o/cny

k, = 2n/M)n sin(a)
k, = ’késy,u — k%

where q is the propagation parameter associated with TE
waves inside the layerThe reflection and transmission

coefficients are expressed as :

r=MI11+MI2 gz - M21 - M22 q4) / (M11 + M12 g,
+M21 + M22 q4) @
t=2/(MI11+MI12qgs + M21+M22q;) ©)

The reflectance and transmittance are defined as :

R =[P @
T =1t ®)

These expressions allow us to evaluate the optical
response of the structure and to study the effect of the

film thickness and the angle of incidence.

3 Results and Discussion

In this section, the optical behavior of the structure is
analyzed by examining the transmission, reflection,
phase, phase time, and group velocity as functions of
wavelength.

Fig. 2 shows the transmission and reflection spectra for

different values of film thickness.
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Fig. 2. Transmission and reflection spectra as a

function of wavelength for different film thicknesses.

From the figure, it can be noticed that increasing the
thickness of the film causes a progressive shift of the
maximum transmission toward longer wavelengths.
This behavior can be explained by the increase in the
optical path inside the layer. As the thickness becomes
larger, the light undergoes more internal reflections,
which modifies the interference conditions and leads to
a shift in the spectral response. At the same time, the
reflection slightly increases, which is expected due to
stronger multiple reflections within the structure.

Fig. 3 presents the variation of the optical phase as a
function of wavelength for different thickness values.
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Fig. 3. Phase as a function of wavelength for different film

thicknesses.

It is observed that the phase increases with increasing
thickness. This is a direct consequence of the longer
propagation distance inside the film. As light travels
through a thicker layer, it accumulates more phase,

which explains the observed behavior. This result
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confirms the strong dependence of the phase on the
structural parameters of the system.

Fig. 4 illustrates the variation of the phase time with

wavelength.
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Fig. 4. Phase time as a function of wavelength for

different film thicknesses.

The results indicate that the phase time increases when
the thickness increases. This can be interpreted as a
delay in the propagation of the wave through the film.
The increase in thickness leads to a longer interaction
time between the light and the medium, which results in
a higher phase time. This behavior is consistent with the
physical interpretation of wave propagation in layered
structures.

Fig. 5 shows the variation of the group velocity as a

function of wavelength.
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Fig. 5. Group velocity as a function of wavelength for

different film thicknesses.

It can be seen that the group velocity decreases as the
thickness increases. This effect is related to dispersion

in the medium, where different spectral components of

the wave propagate at different speeds. The presence of
multiple reflections and interference enhances this
effect, leading to a reduction in the group velocity. This
result is important for understanding signal propagation
in optical devices.

Fig. 6 illustrates the influence of the incidence angle on

the transmission of the structure.
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Fig. 6. Transmission as a function of wavelength for

different incidence angles.

From this figure, it can be observed that increasing the
incidence angle leads to a slight shift of the transmission
toward shorter wavelengths. This behavior can be
explained by the change in the effective optical path
inside the layer. As the angle increases, the propagation
direction of light inside the film is modified, which
affects the interference conditions and results in a
spectral shift. In addition, the transmission amplitude
varies with the angle, indicating that the coupling of
light into the structure depends on the incidence

conditions.

Fig. 7 presents the variation of the optical phase as a

function of wavelength for different incidence angles.
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Fig. 8 illustrates the phase time for different incidence

4 CONCLUSION
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The results show that the phase time varies noticeably

We also observed that the phase, phase time, and gro
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propagation delay of the wave is not only dependent on

. . . which means that the structure shows some dispersion.
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propagation. The increase in angle modifies the
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to changes in the time delay. . . .
g y For the incidence angle, the effect is also noticeable.

Fig. 9 shows the variation of the group velocity as a When the angle increases, there is a small shift toward

function of wavelength for different incidence angles. shorter wavelengths. It also changes how the wave
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propagates inside the film, so the transmission and the

phase are affected.

Overall, we can say that both thickness and incidence
angle play an important role. By adjusting these
parameters, it is possible to control the optical response
of the structure. This could be useful for some
applications, even if more work is still needed to fully

understand all effects.
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