Optoelectronic (2026) 8(4): 75-86

DOI: 10.30473/jphys.2025.76877.1283

Received: 21 Dec 2025

ORIGINAL ARTICLE

Accepted: 28 Dec 2025

Open
Access

Optoelectronic

Effect of Optical Axis Orientation on the Transmission
Intensity of the Terahertz Filter in Magneto- Photonic Crystal
Containing Anisotropic Semiconductor

Fatemeh Moslemi*, Behnam Kazempour?

1 Assistant Professor, Department
of Physics, Faculty of Science,
Azarbaijan Shahid Madani
university, Tabriz, Iran.

2 Assistant Professor, Department
of Physics, Ahar Branch, Islamic
Azad University, Ahar, Iran.

Correspondence
Fatemeh Moslemi
Email: f.moslemi@azaruniv.ac.ir

How to cite

Moslemi, F. Kazempour, B.
(2026). Effect of Optical Axis
Orientation on the Transmission
Intensity of the Terahertz Filter in
Magneto- Photonic Crystal
Containing Anisotropic
Semiconductor, Optoelectronic,
8(4), 75-86.

EXTENDEDABSTRACT

Introduction: The introduction of at least one defect layer will be cause to
appear a defect mode (filter) inside the photonic band gap of the structure and
if the defect layer exhibits magnetic properties, the resulting structure is
referred to as a magneto-photonic crystal [1,2]. Many magneto-optical
materials such as plasmas [3], semiconductors such as InAs, InSb [4], etc.,
exist in nature, most of which are classified as anisotropic materials. In these
materials, the optical properties depend not only on the magnetic field but
also, owing to anisotropy, on the optical axis orientation and the incident
wave polarization. In such media, a coupling is induced between the s- and p-
polarization components of the wave. In other words, wave propagation in
these media will no longer be independent for the two polarization, and the
transmitted or reflected wave may contain components of both polarization
[5].

In this paper, a symmetric magneto-photonic crystal structure with an
InAs defect layer is proposed for the localization of the defect mode. The
optical properties of the InAs semiconductor depend not only on the magnetic
field and temperature but also, on the orientation of the optical axis. We will
show that the behavior of the defect mode transmission with variations of the
optical-axis angle is opposite for the two polarizations, and that Malus law
can be realized for both s and p polarizations, such that, by considering the
optical-axis direction as the transmission axis, the proposed structure can be
employed to design a novel polarizer with a fixed, specific frequency in the
terahertz frequency range.

Material and Methodology: In this work, A and B represent dielectric
layers with refractive indices nj = 2.4 (ZnSe) and ng = 1.4 (BaF,),
respectively, and quarter-wave optical thicknesses at the central wavelength
(npdy = ngdg =21y,/4). The layers are arranged in the
configuration(AB)”InAs (BA)”.

The defect layer of the structure is InAs, which, under an applied external
magnetic field, behaves as an anisotropic medium, with its electric
permittivity described by a tensor [6].

To investigate the transmission spectrum of the structure, the transfer
matrix method is employed. By using Maxwell's equations and applying the
boundary conditions at the layer interfaces for the tangential components of
the electric and magnetic fields, the transfer matrices of the individual layers
and finally the transfer matrix of the entire structure together with the
transmission coefficients for the s and p polarizations, are derived [5,7]. The
transfer matrix is 2 x 2 for the dielectric layers and 4 x 4 for the anisotropic
layers.
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Result and Discussion: In this section, the effect of the optical axis
orientation on the transmittance of a terahertz filter in a Magneto- Photonic
crystal containing an InAs anisotropic semiconductor defect layer is
investigated. The transmission spectra of the (AB)”InAs (BA)” structure are
calculated using the transfer matrix method for both s and p polarizations.
The results show that the introduction of the defect layer creates a localized
defect mode, which acts as a terahertz filter, at 10.01 THz within the photonic
band gap. Also band gap width and frequency location of the filter are
independent of the changes of the optical axis angle. The fundamental reason
is that the &,, component of the electric permittivity tensor does not depend
on the optical axis orientation. This component remains constant along both
the structure's periodicity axis and the wave propagation direction and
depends only on the collision frequency and the plasma frequency.

In contrast, the filter transmittance depends on the optical axis orientation.
For s-polarization, the maximum transmittance of 0.93 occurs at an angle of
0° and decreases as the angle increases, reaching zero at 90°, whereas for p-
polarization the behavior is completely reversed.

Investigation of the transmission coefficients T, and T,s demonstrate
that their spectral responses are completely identical and the coupling of
modes occurs at 45°, optical axis angle. At this angle, the diagonal
components of the permittivity tensor become equal (&, = &,,), and the
off-diagonal components (&, £, ) reach their maximum value. At angles of

0°and 90°, the coupling vanishes completely; in other words, it is
impossible to generate a transmitted wave with an s-component from an
incident p-wave, or the reverse.

The simultaneous influence of temperature and magnetic field was also
studied. Increasing the temperature shifts the defect mode frequency by 0.005
THz toward higher frequencies and decreases the filter transmittance, also
increasing the magnetic field reduces the transmittance without any change in
the filter frequency location.

While an increase in both temperature and magnetic field enhances the
anisotropy, it also increases the difference between the refractive indices.
Since these variations occur near the resonance frequency, they lead to a
reduction in both reflection and transmission intensities, thereby enhancing
magneto-optical properties such as the Kerr and Faraday rotations. At room
temperature (300 K), optimal transmission through the structure was
achieved under low applied magnetic fields (0.01 T), a notable advantage of
the present work.

Accounting for the dependence of the filter transmitted intensity on the
optical axis orientation —with the optical axis acting as the transmission
axis—Malus’s law is satisfied for both polarization states and the proposed
structure can be used as a new polarizer in the fixed frequency of 10.01 THz

Conclusions: In this work, the transmission spectrum of a Magneto-
Photonic crystal containing an anisotropic InAs defect layer were
investigated using the transfer matrix method for both s and p polarizations.
A defect mode (filter) with optical-axis-dependent transmission was observed
in the terahertz region, while the band gap width and filter frequency
remained independent of the optical-axis angle. The transmission intensity of
the terahertz filter showed an opposite trend with the optical-axis angle for
the s (p) and p (s) polarizations, and mode coupling occurred at an optical-
axis angle of 45°. Increasing temperature and magnetic field enhanced the
anisotropy and reduced the transmission; at room temperature and low
magnetic field (0.01 T), optimal transmission was achieved. Owing to the
dependence of the filter transmission intensity on the optical-axis direction,
and by taking the optical axis as the transmission axis, Malus's law was
realized for both polarizations, thus enabling the design of a novel terahertz
polarizer with a fixed frequency of 10.01 THz.
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ABSTRACT

In this work, the effect of optical axis orientation on the transmission
intensity of a terahertz filter in a Magneto- Photonic crystal is studied. The
transmission spectrum of the proposed structure with symmetric arrangement
of (AB)” InAs (BA)’ for both s and p polarizations is calculated using the 4x4
transfer matrix method where the A, B layers are the common dielectric
materials and the InAs defect layer is an anisotropic semiconductor. The
presence of the defect layer causes to appear a defect mode (filter) inside the
photonic band gap of the structure. The results show that the band gap width
and frequency location of the filter are independent of the changes in the
optical axis angle but the dependence of transmission intensity on the
optical axis direction makes possible realization of Malus's law in the
proposed structure in the terahertz frequency range for both s and p
polarizations. The trend of transmission intensity changes of the THz filter
with the optical axis angle in s (p) polarization has opposite behavior to p ()
polarization and coupling of modes occurs at 45° optical axis angle. Also, the
simultaneous effects of temperature and magnetic field intensity on the
frequency location and the filter transmission intensity in the range of
changes in the optical axis angle have been investigated. The proposed
structure can be used as a new polarizer in the terahertz frequency range.

KEYWORDS
Magneto- Photonic Crystal, Controllable, Terahertz Filter, Optical Axis,
InAs Anisotropic Semiconductor.
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