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A symmetrical one-dimensional (1D) photonic crystal structure with a Dirac-emimetal-defected layer is proposed.
The material properties of the Dirac semimetal are governed by three key parameters: Fermi level, Fermi velocity, and
degeneracy factor. Simulation results demonstrate that the proposed structure generates multiple photonic bandgaps within
the THz frequency range. In the low-THz region, pronounced resonant transmission peaks emerge, enabling near-perfect
filtering performance. The positions of these defect modes can be dynamically tuned by adjusting the Fermi level and
degeneracy factor. In mid- and high-THz frequency bands, the Dirac semimetal begins to exhibit metallic behavior, leading
to attenuation of the transmission peaks and the appearance of absorption. The elevation of the Fermi level delays the critical
threshold for the transition from the dielectric state to the metallic state, while an increase in Fermi velocity suppresses
metallic behavior. Therefore, enhancing both the Fermi level and Fermi velocity contributes to strengthening the defect
peak intensity. Conversely, increasing the degeneracy factor strengthens the metallic characteristics, thereby disrupting the
high-frequency photonic bandgap. Notably, the defect layer thickness and incident angle exert significant influence on the
transmission behavior: a larger incident angle causes the defect peak to shift toward higher frequencies and reduces its
intensity, whereas a thicker defect layer shifts the defect peak toward lower frequencies. The modulation effects of both
parameters become more pronounced as frequency increases. Compared with conventional photonic crystals, our work can
provide a tunable structure over transmission properties, offering novel strategies for designing tunable filters and optical
sensors.
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1. Introduction

THz waves lie between microwaves and infrared waves.

While microwaves and infrared waves have been exten-

sively studied, research on THz remains relatively limited.

Since THz is in the direction of transition from macroscopic

electronics to microscopic photonics, this particular existence

also leads to the emergence of unique properties (high trans-

mittance, low-energy, transient, etc.) and a wide range of

applications for THz.[1–4] However, the weak interaction be-

tween natural materials and THz radiation poses significant

challenges in the development of functional THz devices.

Photonic crystals are artificial periodic structures com-

posed of two or more materials with different dielectric con-

stants. Due to their unique electromagnetic properties and

potential applications, they have attracted significant research

interest.[5,6] Just as the principle of electronic bandgap the

semiconductor, there exists the photonic bandgap in the pho-

tonic crystals, in which electromagnetic waves cannot prop-

agate within a specific frequency range. The phenomenon

arises from the Bragg scattering interference effect in peri-

odic dielectric structures.[7] In 1D photonic crystals, an om-

nidirectional photonic bandgap can be achieved, preventing
electromagnetic waves from propagating at any angle of inci-
dence and polarization state. This property holds great poten-
tial for applications in highly reflective mirror structures,[8,9]

omnidirectional optical fibers,[10,11] and other photonic de-
vices. Conventional photonic crystals are typically composed
of graphene, metals, or semiconductor materials. The strong
light absorption properties of metals make them ideal can-
didates for photonic crystal absorber design.[12] Graphene,
due to its high electron mobility and low absorption of
electromagnetic waves,[13] is commonly used in composite
structures for multichannel optical filtering and visible light
absorption.[14,15] However, the high ohmic losses in met-
als, combined with the inherent losses and limited tunabil-
ity of graphene, restrict their effectiveness in photonic crystal
bandgap modulation.

Similar to those of graphene, Dirac semimetal (DS) ex-
hibits remarkable electrical properties, including their excep-
tional conductivity, high electron mobility, and unique en-
ergy band structure. In addition, the Dirac semimetal exhibits
remarkable electrical properties, including high magnetore-
sistance and ultrahigh carrier mobility, making them highly
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promising for applications in tunable photonic devices and
next-generation electronic devices.[16–19] As a dielectric ma-
terial for photonic crystals, the conductivity of DS varies with
the Fermi level, while their dielectric function can also be
tuned via electrostatic gating. Compared to graphene, DS pos-
sesses higher carrier mobility and exhibits linear frequency-
dependent absorption characteristics.[20,21] Moreover, the DS
materials exhibit a high nonlinear refractive index, effectively
reducing plasma losses in the THz regime. Due to the crystal
symmetry protection in Dirac semimetal, which prevents the
formation of a bandgap, their nonlinear optical properties are
superior to those of conventional metallic materials.[22]

In recent years, the theoretical predictions and experi-
mental demonstrations of bulk DS, such as Na3Bi, ZrTe5, and
Cd3As2, have garnered significant interest.[23–26] The unique
properties of DS make them ideal candidates for integration
into nonlinear photonic and optoelectronic devices. Zhao et

al.[27] theoretically investigated the tunability of the omnidi-
rectional bandgap (OBG) of a 1D photonic crystal composed
of a DS and an SiO2 dielectric by adjusting the structural
Fermi level. Wang et al.[28] studied the transmission charac-
teristics of 1D photonic crystals containing dielectric materi-
als and DS, revealing the existence of tunable defect modes.
You et al.[29] theoretically explored the absorption character-
istics of 1D periodic structures composed of alternating three-
dimensional (3D) DS layers and dielectric layers. Wang et

al.[30] proposed a tunable bifunctional THz metamaterial de-
vice based on a DS thin film and VO2, capable of achieving
tunable broadband asymmetric transmission of linearly po-
larized THz waves. Meng et al.[31] introduced a novel bi-
directional tunable THz perfect absorber based on a DS Al-
CuFe quasicrystal structure, which achieves near-perfect ab-
sorption regardless of whether the incident light is from the
front or back of the system. Wang et al.[32] developed a hybrid

photodetector based on the topological DS PtSe2, designed
for efficient low-energy photon harvesting. By optimizing
the antenna structures, Ohmic contacts, van der Waals hetero-
junctions, and absorption structures, the device performance
was significantly enhanced. Experimental results also demon-
strated the potential of this device for lossless THz imag-
ing. Li et al.[33] proposed a THz narrowband perfect absorber
based on a DS–graphene composite structure, achieving near-
100% absorption efficiency. By adjusting the conductivity of
graphene, the position and intensity of the absorption peak
could be dynamically controlled. This design exhibits sub-
stantial potential for applications in terahertz detection, stealth
technology, and related fields.

In summary, although research on 1D DS photonic crys-
tals is gradually increasing, it has mainly focused on using
DS as dielectric layers to form composite structures with other
materials. In this paper, a symmetric 1D DS-defected photonic
crystal structure is proposed. The transmission properties of
this photonic crystal across multiple THz bands are investi-
gated. The effects of different Fermi levels, Fermi velocities,
degeneracy factors, angles of incidence, and material thickness
on the transmission characteristics are analyzed in detail. This
study not only enhances the understanding of the application
of DS in photonic crystals but also provides new insights for
the development of next-generation THz technology.

2. Theoretical model and formulations
To investigate the transport properties of 1D pho-

tonic crystals with DS defects, the following structure,
(AB)NCDC(BA)M , has been designed. Where material A has
a dielectric constant of εA = 11.9, material B has a dielectric
constant of εB = 3.9, and material C has a dielectric constant
of εC = 2.5, with thicknesses dA, dB, and dC, respectively. D
represents the DS-defected layer with a thickness of dD.

TE

TM

x

y
z

E

H

E

H

A B A B A B A B C D C B A B A B A B A

Fig. 1. Schematic structure of (AB)NCDC(BA)M 1D photonic crystal containing a DS-defected layer, where M and N are periodic numbers,
A, B, C are dielectric layers, and D is the DS.

When an electromagnetic wave is incident on a multilayer
structure, it interacts with the material properties and geomet-
ric arrangement of each layer. The angle of incidence plays
a crucial role in determining the wave’s behavior as it prop-
agates through the medium. For transverse electric polarized

waves (TE), the electric field vector is oriented perpendicular
to the plane of incidence, while the z-axis is defined as the
direction of propagation. This configuration ensures that the
magnetic field lies within the plane of incidence. TE polariza-
tion is particularly relevant for investigating wave interactions
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in layered materials, such as thin films, metamaterials, or pho-
tonic crystals. The transfer matrix method is a mathematical
technique used to correlate the electromagnetic field compo-
nents within each layer of a structured medium. It is particu-
larly effective for analyzing wave propagation through layered
media. The propagation of light waves in a photonic crystal
can be described by a total transfer matrix, which is obtained
by multiplying the individual transfer matrices corresponding
to each layer, including the DS layers. Characterization matrix
of a single-layer medium is

M j(∆z,ω) =

 cos(k jz∆z)
i

q jz
sin(k jz∆z)

iq jz sin(k jz∆z) cos(k jz∆z)

 , (1)

where k jz =ω/c
√

ε j ·
√

µ j ·
√

1− (sin2
θ/ε jµ j) represents the

wave vector component along the z-axis in the j-th layer of the
medium, and c denotes the speed of light in vacuum. In TE

waves q jz =
√

ε j/
√

µ j

√
1− (sin2

θ/ε jµ j) and in TM waves

q jz =
√

µ j/
√

ε j

√
1− (sin2

θ/ε jµ j). To simplify the calcula-
tions, the case of TE polarization is used in the following stud-
ies. So we can get the transfer matrix of the structure as

Mtotal = M1M2 · · ·MN , (2)

the transmission coefficient can be expressed as

t =
2η1

η1 (M11 +η2M12)+M21 +η2M22
, (3)

transmittance T reads

T = |t|2 , (4)

where η1 = η2 = cosθ .
The dynamic conductivity can be derived using the Kubo

formula under the random phase approximation

Reσ(Ω) =
e2

h̄
gkF

24π
ΩG(Ω/2), (5)

Imσ(Ω) =
e2

h̄
gkF

24π2

{
4
Ω

[
1+

π2

3

(
T
Ef

)2]
+8Ω

∫
εc

0

[
G(ε)−G(Ω/2)

Ω 2−4ε2

]
ε dε

}
, (6)

where G(E) = n(−E)− n(E) is the Fermi distribution func-
tion, g is the degeneracy factor, Ef is the Fermi level, kF =

Ef/h̄vF is the Fermi momentum, vF is the Fermi velocity,
Ω = h̄ω/Ef is the normalized frequency, εc = Ec/Ef, Ec is the
cutoff energy, beyond which the Dirac spectrum is no longer
linear, and e is the charge of the electron, from Eqs. (5) and (6)
the conductivity is closely related to the material parameters,
such as Fermi levels, Fermi velocities, and degeneracy factor.

Figures 2(a) and 2(b) illustrate the variations of the real
and imaginary parts of the dynamic conductivity with normal-
ized frequency at different Fermi levels, respectively. It can be
observed that Ω = 2 serves as the critical point for the conduc-
tivity trend transition. For the real part, it does not exist when
Ω < 2. Once the critical value is crossed, the real part un-
dergoes a sudden jump and then gradually increases. For the
imaginary part, when Ω < 2, it decreases gradually, reaching
its minimum at Ω = 2, and then starts to increase beyond the
critical value. As the Fermi level increases, the overall trend
of conductivity change remains the same, but the magnitude
of variation becomes more pronounced.
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Fig. 2. (a) Real and (b) imaginary parts of the dynamic conductivity, σ , with
normalized frequency Ω = h̄ω/Ef, at Fermi levels of 0.01 eV (solid line),
0.04 eV (dashed line), and 0.07 eV (dotted line), respectively, where g = 4,
εc = 3, vF = 106 m/s.

The dynamic conductivity of the DS consists of interband
and intraband conductivities, which can be expressed as[34]

ε = ε∞ +σ/ωε0, (7)

ε∞ = 13 is the effective background permittivity, and ε0 is the
permittivity in vacuum.

Figure 3 presents the real and imaginary parts of the di-
electric constant of DS at different Fermi levels. As shown
in Fig. 3(a), the real part of the dielectric constant becomes
negative within a certain frequency range for all three Fermi
levels, indicating that DS exhibits metal-like properties in this
range. As the frequency increases, the real part gradually rises
from negative to positive at a certain critical frequency. Af-
ter a slight increase to its peak value, it gradually stabilizes.
Higher Fermi levels correspond to higher critical frequencies.
As shown in Fig. 3(b), before reaching the critical frequency,
the imaginary part of the dielectric constant remains closed to
zero, indicating extremely low electromagnetic loss in DS. Be-
yond the critical frequency, the imaginary part increases and
stabilizes, signifying a significant increase in electromagnetic
loss in DS. The increasing of Fermi level only shifts the crit-
ical frequency at which the imaginary part appears but does
not affect its magnitude. The dielectric constant of DS is
highly sensitive to the Fermi level. With the increasing of the
Fermi level, both the critical frequency of the real part and the
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low-loss frequency range of the imaginary part expand signif-
icantly. Additionally, in Figs. 3(a) and 3(b), when the real part
of the dielectric constant peak achieves the maximum value,
the imaginary part of the dielectric constant begins to emerge
at the same frequency.
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Fig. 3. (a) Real and (b) imaginary parts of the Dirac semimetal permittivity
for Fermi levels of 0.01 eV (solid line), 0.04 eV (dashed line), and 0.07 eV
(dotted line), respectively, where g = 4, εc = 3, vF = 106 m/s, ε∞ = 13.

3. Results and discussion
In this paper, the transmission properties of 1D DS pho-

tonic crystals of structure (AB)NCDC(BA)M are investigated
in the THz band. The parameters chosen for the calculations
are as follows: N =M = 4, dA = 4 µm, dB = 8 µm, dC = 1 µm,
dD = 0.5 µm, εc = 3, µA = µB = µC = 1, and µD = 3.

3.1. Transmission characteristics at different Fermi levels

In this section, the transmission properties of this 1D pho-
tonic crystal structure at different Fermi levels are discussed.
Based on the previous experimental works,[35–37] the applica-
tion of an external voltage can precisely tune the position of
the Fermi level by influencing the electric field within the DS
materials. The change of the electric field can alter the carrier
concentration, which in turn affects the electron distribution
and the band structure, especially the position of the Fermi
level.
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Fig. 4. Analysis of the transmission characteristic curves of structure (AB)NCDC(BA)M at Fermi levels of (a) 0.01 eV, (b) 0.04 eV, and
(c) 0.07 eV using the transmission matrix method, where vF = 106 m/s, g = 4, εc = 3, ε∞ = 13.

As shown in Fig. 4, the introduction of DS defects pro-
duces sharp transmission peaks in the photonic forbidden
band. With the gradual increase of the Fermi level, a nearly
complete bandgap structure appears in the frequency range
of 3.5 THz–6 THz in Figs. 4(a1), 4(b1), and 4(c1), with a
transmission peaks induced by the defect structure of the DS.
In this range, no significant light absorption occurs, indicat-
ing that the light wave undergoes resonant transmission within
the photonic crystal. The position and intensity of the trans-
mission peaks are strongly influenced by the Fermi level of
the DS. As the Fermi level increases, the transmission peaks
shift to higher frequencies. Within the frequency range of

14 THz–17 THz, absorption peaks emerge at a Fermi level
of 0.01 eV, while near-complete photonic bandgaps are ob-
served at Fermi levels of 0.04 eV and 0.07 eV. In Fig. 4(a2), at
a Fermi level of 0.01 eV, the height of the transmission peak
significantly decreases, accompanied by the emergence of an
absorption peak. In Figs. 4(b2) and 4(c2), a complete bandgap
structure reappears, along with absorption-free transmission
peaks. Similarly, In the 23.5 THz–26.5 THz band, absorption
occurs at Fermi levels of 0.01 eV and 0.04 eV. Almost com-
plete bandgap structure occurs at 0.07 eV. In Figs. 4(a3), 4(b3),
and 4(c3), when the Fermi level is 0.01 eV and 0.04 eV, the
DS exhibits metal-like properties, accompanied by absorption
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peaks. When the Fermi level increases to 0.07 eV, the imagi-
nary part of the DS dielectric constant disappears, causing the
semimetal to behave as a non-absorbing medium in this fre-
quency band, leading to the appearance of high transmission
peaks. The change in transmission properties is closely related
to the variation in the dielectric constant shown in Fig. 3. As
the Fermi level increases, the real part of the dielectric constant
decreases at the same frequency, while the critical frequency
for the emergence of the imaginary part shifts to higher fre-
quencies, causing the DS to transition from a dielectric to a
metallic material. This transformation results in the reappear-
ance of high transmission peaks at higher frequency ranges
and a reduction in light absorption.

Thus, it is evident that changes in the Fermi level signifi-
cantly impact the transmission properties of photonic crystals.

3.2. Transmission characteristics at different Fermi veloc-
ities

The Fermi velocity is a physical quantity that describes
the speed of electron propagation near the Fermi surface and
is closely related to the electrodynamic properties of materials.
The Fermi velocity-dependent dielectric response serves as a
critical mechanism for tailoring photonic bandgaps and elec-

tromagnetic mode distributions in photonic crystals, enabling
active control of light–matter interactions. The experimen-
tal methods for controlling the Fermi velocity include tuning
the chemical potential, chemical doping and alloying, symme-
try breaking (e.g., breaking C4 symmetry), and surface state
engineering.[38,39] By modulating the Fermi velocity, the prop-
agation properties of electromagnetic waves in DS-based pho-
tonic crystals can be effectively controlled.
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ε∞ = 13.
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Fig. 6. Transmission characteristics for Fermi velocities (a) vF = 106 m/s, (b) vF = 107 m/s, and (c) vF = 108 m/s respectively, where
Ef = 0.01 eV, g = 4, εc = 3, ε∞ = 13.

The Fermi velocity is shown in Eqs. (5) and (6), and the
Fermi momentum directly affects the dielectric constant of the
material. The real part of the dielectric constant changes with
different Fermi velocities as shown in Fig. 5(a). It can be seen
that the real part of the dielectric constant achieves the high-
est value first with the higher Fermi velocity and then gradu-
ally stabilizes. The variation of the imaginary part is shown
in Fig. 5(b), where the variation in Fermi velocity does not
affect the critical value of the appearance of the imaginary

part. However, after crossing the critical value, the larger the
Fermi velocity is, the smaller the imaginary part of the dielec-
tric constant can achieve. The transmission characteristics at
different Fermi velocities are shown in Fig. 6. In Fig. 6(a1),
a complete photonic bandgap and a full transmission defect
peak are formed in the frequency range of 3.5 THz–6 THz;
in Figs. 6(b1) and 6(c1), the increase in Fermi velocity has
no effect on the transmission characteristics in this frequency
band. In Figs. 6(a2) and 6(b2), there appears the absorp-
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tion of the defect peak in the frequency range of 14 THz–
16.5 THz. However, the increasing of Fermi velocity makes
the transmission defect peak gradually get stronger until it
reaches the maximum in panel (c2), forming a complete defect
peak. In the 23.5 THz–26.5 THz frequency band, the absorp-
tion of the defect peak is larger than the previous two photonic
bandgap, while the peak intensity of the transmission gradu-
ally increases, and the absorption rate gradually decreases with
the Fermi velocity as shown in Figs. 6(a3) and 6(b3). This cor-
responds to the change in the imaginary part of the dielectric
constant as shown in Figs. 5(a) and 5(b). After crossing the
critical value, the larger the Fermi velocity is, the smaller the
imaginary part of the dielectric constant becomes, which can
lead to a reduction in the absorption rate of light.

3.3. Transmission characteristics at different degeneracy
factors (g)

The degeneracy factor is a key parameter in the Dirac
semimetal system and refers to the number of degenerate
states in the energy band structure. Based on experimental
results,[40] Dirac semimetals exhibit the following typical val-
ues of degeneracy factors: g = 40 for AlCuFe quasicrystals,
g = 24 for systems such as Eu2IrO7 or the TaAs family, and
g = 4 for materials including Na3Bi and Cd3As2. An increase
in the degeneracy factor g enhances both the conductivity am-
plitude and the imaginary component of the dielectric function
across the frequency range, thereby accentuating the metallic
character of the DS.

In this subsection, we discuss the effect of different
degeneracy factors on transmission characteristics for Ef =

0.04 eV, vF = 106 m/s. As shown in Fig. 8, within the
range of 3.5 THz–6.5 THz, the transmission peak shifts to-
ward higher frequencies with increasing g values while main-

taining invariant intensity, jointly forming a complete photonic
bandgap with the reflectivity. This phenomenon corresponds
to the variation of the real part of the dielectric constant in
Fig. 7(a). Meanwhile, the imaginary part has not yet reached
the critical value, so no significant absorption properties are
observed in this band. In the frequency range of 14 THz–
17 THz as shown in Figs. 8(a2), 8(b2), and 8(c2), the transmis-
sion characteristics do not change significantly with increasing
g. However, in the range of 23.5 THz–26.5 THz, the bandgap
structure gradually disappears, the transmission decreases, and
absorption phenomena appear in multiple frequency bands, as
shown in Figs. 8(a3), 8(b3), and 8(c3). The DS with different
g values exhibits significant differences in electromagnetic re-
sponse. By adjusting the degree of degeneracy (e.g., through
doping or selecting materials with different crystal symme-
tries), it can be achieved to switch the status of the DS system
between metallic and dielectric responses, further optimizing
their applications in photonics and plasmonic devices.
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Fig. 8. Transmission characteristics for different degeneracy factors g = 4 (a), 24 (b), 40 (c), where Ef = 0.04 eV, vF = 106 m/s.
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3.4. Transmittance at different angles of incidence

The effect of incident angle on the transmission property
is illustrated as shown in Fig. 9. As the incident angle in-
creases, the transmittance property exhibits a nonlinear vari-
ation in this range, and the overall transmission peaks shift
toward higher frequencies. In Fig. 9(a), the defect peak re-
mains around 4.5 THz, and its intensity is slightly affected by

the incident angle. In the frequency range of 14 THz–17 THz,
the defect peak shifts toward higher frequencies, and its peak
intensity decreases from 0.7 to 0.6 as the incident angle in-
creases from 0◦ to 45◦, with the transmission peak shifting
from 15.8 THz to 16.7 THz as shown in Fig. 9(b). In Fig. 9(c),
the intensity and shift of the defect peak are more significantly
affected by the incident angle, and the defect peak disappears
in this band when the angle increases to 43◦.
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Fig. 9. Transmission peaks versus angles of incidence are presented for the frequency ranges (a) 3.5 THz–6.5 THz, (b) 14 THz–17 THz, and
(c) 23.5 THz–26.5 THz, where Ef = 0.01 eV, vF = 106 m/s, g = 4.

3.5. Transmittance at different defect layer thicknesses

In addition to the influence of the parameters of the DS
itself, the thickness of the defect layer also plays a crucial role
in propagation characteristics. This section discusses the ef-
fect of defect mode thickness variation on transmission char-
acteristics when the Fermi level is fixed and Ef = 0.04 eV,
vF = 106 m/s, g = 4. In Fig. 10(a), as the thickness of the
defect layer increases from 0.5 µm to 1.5 µm, the transmis-
sion peak gradually shifts to the low-frequency direction. Sim-
ilarly, in Fig. 10(b), the transmission peak exhibits a more
pronounced low-frequency shift, moving from 15.8 THz to
14.7 THz.

The formula of the position of the frequency of the de-
fected mode can be derived as f = mc

2nd
× 1

d yielding f ∝
1
d ,

from which it can be seen that the resonance frequency is in-
versely proportional to the thickness of the defect layer.[41]

Therefore, as shown in Fig. 10, the defect mode shifts toward
lower frequencies (longer wavelengths) with increasing defect
layer thickness. Meanwhile, the intensity of the defect peak
remains unchanged across the frequency ranges.[42] It is at-
tributed to the fact that the DS exhibits dielectric rather than
metallic characteristics within this frequency range.

These changes show that adjusting the DS thickness af-

fects the transmission spectrum and allows tuning of the defect
mode over a wide frequency range, improving the structure’s
electromagnetic properties.
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Fig. 10. Transmission peak evolution for DS thicknesses of 0.5 µm–
1.5 µm: (a) 3.5 THz–6.5 THz and (b) 14 THz–17 THz, where Ef =
0.04 eV, vF = 106 m/s, g = 4.

4. Conclusions
In this study, the transmission properties of 1D photonic

crystals with DS defects are investigated using the transfer ma-
trix method, and the effects of various parameter variations on
the transmission behavior are analyzed. An increasing in the
Fermi level raises the critical threshold for the transition of DS
from a dielectric to a metallic state. When the Fermi level is
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0.01 eV, a complete photonic bandgap with defect modes ap-
pears in the low-THz frequency range, while absorption occurs
in the mid- and high-THz frequency ranges. At a Fermi level
of 0.04 eV, defect-mode photonic bandgaps form in the low
and mid-THz frequency bands, with absorption still present at
high frequencies. A Fermi level of 0.07 eV results in complete
defect-mode bandgaps across the low, mid, and high-THz fre-
quency regions. The Fermi velocity and the degeneracy factor
influence the magnitude of the imaginary part of the DS di-
electric constant. The Fermi velocity is inversely proportional
to the metallic properties of the material; as it increases, ab-
sorption in the mid- and high-THz frequency bands weakens,
resulting in enhancing of the transmission peak. Conversely,
the degeneracy factor is directly proportional to the metallic
nature, and its variation causes the defect peak in the low-THz
frequency region to shift from 4.6 THz to 5.6 THz. It does
not affect the transmission in the mid-THz frequency range
but disrupts the bandgap structure in the high-THz frequency
region. In addition, increasing the thickness of the defect layer
significantly shifts the defect mode toward lower frequencies.
Under oblique incidence, defect modes shift toward higher fre-
quencies due to the influence of the incident angle. Appropri-
ately tuning structural parameters can optimize transmission
performance and enable optimal design in practical applica-
tions. These results provide a theoretical foundation for opti-
mizing the design parameters of photonic crystals. The unique
electronic and optical properties of DS offer great potential for
applications in 1D photonic crystal devices.
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