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Tunable Terahertz Perfect Absorber and Polarizer
Based on one-Dimensional Anisotropic

Graphene Photonic Crystal
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Abstract—In this article, a new tunable absorber and polarizer
using one-dimensional anisotropic graphene photonic crystal (1D
AGPC) is proposed for terahertz applications. The optical prop-
erties of the 1D AGPC structure is obtained through the trans-
fer matrix method (TMM) calculations. In our design, a single
defect layer is introduced in the 1D AGPC structure to increase
its absorption. The absorption coefficient is further modified by
optimizing the AGPC parameters such as the number of photonic
crystal periods, the defect layer thickness, and the chemical po-
tential of graphene. The modified structure can provide perfect
absorption with a narrow bandwidth of 0.05 THz. On the other
hand, considering the anisotropic optical properties of graphene,
polarization dependence of the absorption coefficient is investi-
gated. This feature of the structure can be employed to realize a
tunable terahertz polarizer by adjusting incident angle at θ0 =
80°. In this way, high tunable polarization extinction ratio of 6.1 dB
to 11.63 dB with respectively very narrow bandwidth of 0.031 THz
to 0.023 THz are obtained. The maximum insertion losses within
the tunable frequency range are as low as 0.023 dB and 0.031 dB.
Hence, our design may have potential applications in narrow-band
optoelectronic devices at the terahertz frequency range.

Index Terms—Anisotropic, graphene-based photonic crystal,
photonic bandgap, terahertz absorber, polarizer.

I. INTRODUCTION

O PTICAL absorbers, which absorb electromagnetic (EM)
waves via lossy materials, have attracted attentions due

to their potential applications such as detectors [1], sensors [2],
solar cells [3], and spectroscopy [4]. These absorbers are clas-
sified into two categories: single-channel [5] and multichannel
[6]. Single-channel absorbers have many applications and are
categorized into broadband [7] and narrow-band [8], according
to their spectral width. The operation of absorbers in the terahertz
radiation range between 1 THz and 10 THz, known as the
terahertz gap, is fascinating due to low energy consumption, high
penetrability, and high resolution at these frequencies [9]–[11].
During recent decade, researchers have been working on devel-
oping tunable optical absorbers. In between, graphene has re-
markable interest due to visible transparency, high surface area,
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low ohmic loss, adjustable Fermi level, and low absorption loss
in the terahertz and far infrared (IR) [12], [13]. One-atom-thick
graphene with a 2D honeycomb lattice absorbs 2.3% of light in
the mentioned frequency ranges. Moreover, through applying
an external gate voltage, the chemical potential of graphene
and therefore its electrical conductivity can be altered [14].
Among diverse studies, enhancing the absorption of graphene
has become a new area of research and various solutions have
been proposed regarding this matter, such as metamaterials [15],
nanoparticles [16], localized plasmon excitation [17], hybrid
nanocomposites [18], metasurfaces [19], and photonic crystals
[20].

Combination of graphene and photonic crystals have been
explored to manipulate the optical characteristics, conveniently.
Photonic crystals (PCs) are constructed of artificial microstruc-
tures with a spatially periodic refractive index. The most striking
feature of PCs is photonic bandgaps (PBG) that causes electro-
magnetic waves be reflected by them. This feature allows us to
use PCs in applications like Bragg reflectors. PCs are classified
into one, two, and three-dimensional based on the direction of
periodicity and among them, one-dimensional photonic crystals
(1D PCs) are very interesting because of their simple structure
and wide applications [21], [22]. Besides, 1D PCs can be easily
fabricated by the chemical vapor deposition (CVD) technique
[23]. A novel type of PCs is composed of sequential stacks of
alternating graphene and dielectric layers which are well-known
as one-dimensional graphene photonic crystals (1D GPCs) and
have been utilized in many applications such as isolators [24],
biosensors [25], modulators [26], faraday rotators [27], and
temperature sensors [28]. On the other hand, anisotropy, which is
an interesting feature of graphene, results in remarkable optical
properties for GPCs [29]–[31]. The complex band structure of
the 1D anisotropic graphene photonic crystal (AGPC) has been
obtained in [32] by using the transfer matrix method (TMM).

During recent years, various absorbers have been proposed
based on photonic crystals. Lu et al. designed an absorber
constructed of all-dielectric PCs and a thick metal in which
an absorption more than 90% in the visible region has been
achieved by using optical Tamm state (OTS) [20]. In [33], the
OTS mode has led to a broadband omnidirectional absorber
in a heterostructure made up of a Cr layer and a 1D PC con-
taining layered hyperbolic metamaterials. In 2019, Luo and Lai
proposed a near-perfect omnidirectional absorber by using the
impedance matching property of PCs [34]. By utilizing graphene
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in PC structures, the absorption magnitude of the absorbers can
be improved about 50% due to large third-order nonlinearity of
graphene as a result of field localization in the graphene layer
[35]. Gao et al. designed a tunable and multifunctional structure
based on 1D AGPC in which a phase-change material, VO2,
placed as a defect layer in the middle of the PC. This structure
can be used for variety of applications such as band-pass filter-
ing, perfect absorption, and comb-shaped extraordinary optical
transmission in the terahertz range [36]. Maghoul et al. proposed
a tunable terahertz absorber by using fractal triangle-shaped
graphene layers between dielectric substrates. It has potential to
adjust the narrowing and widening of the absorption spectrum by
changing the Fermi level through applying external DC voltage
[37]. Lu et al. designed a nonreciprocal absorber which is based
on an isotropic epsilon-near-zero (ENZ) slab. This structure is
strongly independent from the incident angle which causes an
absorption peak of 95% for the incident angles between 60°
and 70° [38]. By using a 1D PC nanobeam cavity coupled to
a graphene layer, a near-infrared absorber with a high quality
factor of 1.28 × 106 has been achieved [39].

In this paper, we present a tunable and multifunctional asym-
metric device that operates as a perfect absorber and polarizer
in the terahertz frequency range. This asymmetric device is
comprised of alternating anisotropic graphene and dielectric
materials unlike most previous reports on absorbers, which
graphene has been used as a defect layer. In our proposed
structure a single defect layer is introduced in the middle of
1D AGPC to break the symmetry of the structure, and boost
the absorption of graphene at the resonance frequency. Thus, a
prefect narrow-band absorber is achieved after modifying the
structure, while it can also be adjusted via chemical potential.
Moreover, thanks to the anisotropy of graphene, we have attained
a tunable polarizer in the terahertz region. To the best of our
knowledge, our polarizer has the lowest bandwidth and insertion
loss among the recent narrow-band polarizers in the terahertz
range. The 2 × 2 anisotropic transfer matrix method is exploited
to analyze the proposed absorber and polarizer performance. The
rest of this paper is organized as follows. Section II describes the
structure design and the theoretical model of the optical absorber
and polarizer. The third section focuses on the dependence of
complex photonic band structures of 1D AGPC on the chemical
potential and incident angle, as well as optimizing the structure
to reach a perfect absorber and polarizer in the terahertz range.
Finally, conclusions are presented in Section IV.

II. THEORETICAL MODEL AND FORMULISM

Fig. 1 shows the schematic of the 1D AGPC structure which is
used in our absorber. In this structure, the layers are placed in the
x-y plane and the electromagnetic waves with the wave vector k0
and the incident angle θ0 propagate along the z-direction. The
geometrical arrangement of the 1D AGPC structure is (GA)N

where G and A represent the graphene and SiO2 layers with the
thicknesses dg and dA and the relative permittivities εg and εA,
respectively, and N is number of the periods. The lattice constant
of the 1D AGPC structure is a = dg + dA. ε0 and εN + 1 are
the relative permittivities of the input and output planes of the

Fig. 1. Schematic of the 1D AGPC stack in which a unit cell consists of a
graphene monolayer and a dielectric layer.

Fig. 2. Sketch of the proposed absorber and polarizer containing a single defect
layer. Vg is the applied voltage.

periodic structure which are considered as air mediums. As Fig. 2
depicts, the presented absorber has two 1D AGPC structures
with respectively N1 and N2 periods at the front and back of the
defect layer. The defect layer is an Al2O3 dielectric layer with
the thickness dB and relative permittivity εB.

There are various methods for simulating the optical proper-
ties of 1D AGPC structure, including the plane wave expansion
(PWE) [40], green function (GF) [41], finite difference time
domain (FDTD) [42], finite element method (FEM) [43], the
standard 2 × 2 transfer matrix method for isotropic layers [29],
[44], and 4 × 4 transfer matrix method that is suitable for all
anisotropic layers [45]. Since the thickness of a graphene mono-
layer is 0.34 nm, simulating the structures containing graphene
by using all-numerical methods such as the FEM and FDTD
is very time-consuming and requires high simulation facilities.
In these situations, a semi-analytical method like the TMM
is very useful due to its accurate results and relatively small
computational volume.

In order to implement the 2 × 2 anisotropic TMM, first it is
necessary to consider the uniaxial anisotropy of graphene which
is because of its 2D nature. The electric permittivity tensor of a
graphene stripe in the x-y plane can be given by [32], [46]:

εG =

⎛
⎝ εG,t 0 0

0 εG,t 0
0 0 εG,⊥

⎞
⎠ (1)
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The normal component of the graphene permittivity is εG,⊥ =
1 , as the normal electric field cannot excite any current in a
2D graphene sheet. The tangential component of the graphene
permittivity εG,t is expressed as [47]:

εG,t = 1 + j
σ(ω)

ε0ωdG
(2)

where ω is the angular frequency, ε0 is the permittivity in air and
σ(ω) is the surface conductivity of graphene which is calculated
according to the Kubo formula as follows [48], [49]:

σ (ω) = σintra + σinter (3)

σintra = − j
e2KBT

π�2(ω − jΓ)

(
μc

KBT
+ 2 ln

(
e
− µc

KBT + 1
))

(4)

σinter = − j
e2

4π�
ln

(
2μc − (ω − jΓ)�

2μc + (ω − jΓ)�

)
(5)

σintra and σinter are the intraband and interband conductivity,
respectively. e is the electron charge and μc is the chemical
potential which obtained as μc = �vF

√
πn, where n is the

carrier density and νF is the Fermi velocity of electrons. Γ is
the scattering rate which is related to the absorption loss, T is
the kelvin temperature, KB = 1.38×10−23 j/k is the Boltzmann
constant, and h̄ is the reduced Planck constant.

As the above equations shows, the surface conductivity of
graphene depends on temperature, scattering rate, chemical
potential, and frequency. According to the band diagram of
graphene, the contribution of the interband electron transitions
in conductivity is negligible in the frequency range of less than
10 THz and the surface conductivity is dominated by σintra [50],
[51]. Fig. 3 shows the real and imaginary parts of the tangential
permittivity of graphene for different values of chemical poten-
tial. As can be seen, in the frequency range of 3 THz to 15 THz,
the real part has a negative value while the imaginary part has a
positive value. They are strongly influenced by frequency at low
frequencies and vary slowly at high frequencies. The behavior
of graphene in this range is similar to the behavior of metals
such as gold and silver in the visible range. As the chemical
potential increases, the real and imaginary parts decrease and
increase respectively and shift to higher frequencies.

The incident wave to the structure can be divided into the TE
polarization with Ẽ = (0, Ey, 0), H̃=(Hx, 0, Hz), and the TM
polarization with Ẽ=(Ex, 0, Ez), H̃=(0, Hy, 0). The dispersion
relation of the TE polarization for anisotropic graphene is kx

2 +

kz
2 = k0

2εg,t and for the TM polarization is kx
2

εg,⊥
+ kz

2

εg,t
= k0

2

[48]. when an electromagnetic wave propagates in a 1D AGPC,
the electric and magnetic fields at the input and output bound-
aries of each unit cell can be expressed as follows [32]:(

Eout
x

Hout
y

)
=

(
m11 m12

m21 m22

)(
Ex

in

Hy
in

)
(6)

The transfer matrix Mi (i = G, A, and B for graphene, SiO2

and Al2O3, respectively) for each layer can be obtained as:

Mi =

(
cos (kizdi) − j

ηi
sin (kizdi)

−jηi sin (kizdi) cos (kizdi)

)
(7)

Fig. 3. The (a) Real part and (b) Imaginary part of the tangential permittivity
of single-layer graphene versus frequency for different chemical potentials at T
= 300 °K.

For the TE polarization, ηi =
kiz

ωμ0
and kiz =

√
k0

2εi − kix
2,

where kix = kx = k0 sin(θ0). For the TM polarization,

ηi =
ωε0εi
kiz

and kGz =
√

k0
2εG,t − kix

2(εG,t/εG,⊥), kAz =√
k0

2εA − kix
2 , kBz =

√
k0

2εB − kix
2 for the graphene,

dielectric A and dielectric B layers, respectively. It is clear
that whenever the normal incidence is considered, kx = 0 and
therefore kGz = k0

√
εG,t for both polarizations. Thus, for N

periods, the total transfer matrix is:

M = (MGMA)
N =

(
m11 m12

m21 m22

)
(8)

Also, the total transfer matrix for the proposed structure is as
follows:

M = (MGMA)
N1MB(MGMA)

N2 =

(
m11 m12

m21 m22

)
(9)

The reflection coefficient R, transmission coefficient T, and
absorption coefficient A can be calculated as follows:

⎧⎪⎪⎨
⎪⎪⎩

R = |r|2

T =

{ |t|2(TE)
η0

ηN+1
|t|2(TM)

A = 1− T −R

(10)
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where

t =

∣∣∣∣
(

2η0
m11η0 +m12η0ηN+1 +m21 +m22ηN+1

)∣∣∣∣
2

(11)

r =

∣∣∣∣
(
m11η0 +m12η0ηN+1 −m21 −m22ηN+1

m11η0 +m12η0ηN+1 +m21 +m22ηN+1

)∣∣∣∣
2

(12)

ηN+1 =

{√
ε0/μ0 cos (θN+1)√
ε0/μ0/ cos (θN+1)

, η0 =

{√
ε0/μ0 cos (θ0)√
ε0/μ0/ cos (θ0)

(13)

θ0 and θN + 1 are the angles of the input and output wave,
respectively.

III. RESULTS AND DISCUSSIONS

In this work, we investigate the optical properties of the 1D
AGPC by using the TMM in the frequency range of 0–15 THz.
In our calculations, we use SiO2 as a dielectric material with
the relative permittivity of εA = 2.2 and thickness of dA =
20 μm. Furthermore, other optical and geometrical parameters
of the structure are as follows: μc = 0.9 eV, Γ = 1 THz, dg
= 0.34 nm, T = 300 °K and N = 20. Fig. 4(a) represents
the real part of the band structure of the 1D AGPC at normal
incident angle. The PBGs are the same for both polarizations
because the graphene wave vector along the z-axis has the same
value (kG,z = k0

√
εG,t). There are three PBGs in the frequency

range of 0–15 THz. In the case of μc = 0.9 eV, the first gap is
located below the cut-off frequency (ƒc = 2.17 THz). This gap is
known as graphene induced photonic band gap (GIPBG), which
is created solely due to the presence of graphene monolayer. The
more graphene layers are embedded in the structure, the broader
PBG is created in the lower frequencies.

The major advantage of this range is tunability of the GIPBG
width by controlling the chemical potential. The second gap is
from 5.05 THz to 5.9 THz and the third gap is between 10.1 THz
to 10.63 THz. These gaps are emerged due to the structural Bragg
gap. The appearance of the Bragg PBGs in 1D AGPCs depends
on thicknesses, dielectric constants and dispersion properties of
the layers. The Fabry-Perot limit at the low edge of the Bragg
PBGs for single SiO2 layer (without graphene sheet) is obtained
through fp = mc/2dAnA, where m = 12 is the diffraction order
[32]. As shown in Fig. 4(b), the imaginary part has value only
in the range of the PBGs, which coincides with the real part of
the band structure. The imaginary part indicates the damping
coefficient, which is related to the absorption and thermal losses
in the bandgap, because the structure in this range is similar
to metal-dielectric structures. When the chemical potential of
graphene increases from 0.3 eV to 0.9 eV, the lower edges of
the GIPBG and the Bragg gaps almost overlap, while the upper
edges shift toward the higher-frequency region, and the PBGs
enlarge.

Fig. 4(c) and 4(d) depict the transmission and reflection spec-
tra of the 1D AGPC when the chemical potential changes from
0.3 eV to 0.9 eV. It is clear that there are three PBGs regions
in which electromagnetic waves are completely reflected, and
the oscillations outside the PBG are due to the Fabry-Perot

Fig. 4. (a) Real and (b) Imaginary parts of the 1D AGPC band structure
for different chemical potentials at normal incidence. (c) Transmission, (d)
Reflection, and (e) Absorption spectra of the 1D AGPC.
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Fig. 5. Color map of the transmission spectra versus the incident angle for the
TE and TM polarizations.

oscillations of the Bloch waves at the multilayer boundaries. By
increasing the chemical potential of graphene monolayers, the
widths of the transmission and reflection peaks become wider
and the peaks shift to higher frequencies. On the other hand,
increasing the chemical potential leads to rise of the discrepancy
of the refractive index of graphene and SiO2 and it will broaden
the PBGs of the 1D AGPC. Fig. 4(e) plots the absorption spec-
trum at different chemical potentials. The absorption intensity
in the PBGs is very low in contrast to its value at the right edge
of the PBGs, because the electromagnetic waves at frequencies
above the stop bands are absorbed by graphene due to negative
dielectric constant. In fact, more wave energy is stored at the
surface of graphene and cannot penetrate to the graphene layer
due to small thickness and low skin depth [52]. However, the
imaginary part of the graphene dielectric constant is much bigger
at low frequencies so that the absorption at the right edge of the
GIPBG is higher than Bragg PBGs.

Now, we further examine the effect of the incident angle on
1D AGPC when μc = 0.9 eV. Fig. 5 shows the color map of the
transmission for both the TE and TM polarizations where the
incident angle changes from 0° to 90°. It is clear that the GIPBG
is insensitive to the incident angle for the TM polarization,
whereas the right edge of the metallic PBG shifts slightly to
higher frequencies for the TE polarization. This region is strictly
omnidirectional for the TM polarization and is suitable for the
designing of terahertz filters. However, the Bragg gaps are highly
sensitive to the incident angle in a way that the PBGs shift to
higher frequencies, and due to the Brewster angle, the width
of the forbidden bands starts to shrink for the TM polarization,
whereas it becomes broader for the TE polarization.

Based on the above discussions, we present our absorber and
polarizer in two following sections, respectively.

A. The Absorber

Here, according to Fig. 4, we consider the increment of the
absorption in the first Bragg PBG due to high absorption of
graphene in the frequency region lower than 6 THz. This is
because that in these frequencies, the imaginary part of εG,t in-
creases sharply. As shown in Fig. 2, we introduce a single defect

layer with the thickness of dB = 26 μm and relative permittivity
of εB = 3.1 in the middle of the 1D AGPC. When the defect layer
is placed between N1 = 4 and N2 = 20 periods, the crystal order
is disrupted and turn into an asymmetric structure. The photonic
crystals with N2 = 20 reflect the light completely in the PBG.
So, the incident wave at the resonance wavelength is trapped in
the defect region and it acts as a Fabry-Perot cavity resonator. In
fact, the multilayer AGPC on both sides of the defect behave like
mirrors and strengthens the interaction between graphene and
incident light. As a result, the defect mode is excited and a strong
localized field is created in the defect region, which improves
the absorption of graphene. Since this absorption depends on
the optical and geometrical parameters such as the number of
periods, the defect layer thickness, and the chemical potential
of graphene, a terahertz perfect absorber can be designed. In
the first case, we desire to investigate the effect of the number of
periods in the front of the defect layer on the absorption diagram.
Fig. 6(a) shows that the absorption spectrum is highly dependent
on N1. By increasing N1, the absorption peak increases and
the bandwidth of the absorption peak decreases. The absorber
reaches to the highest absorption for N1 = 4 and the frequency of
the defect mode shifts to higher frequencies. When the number
of periods rises upper than 4 periods, the absorption peak starts
to reduce, because the crystal layers start to reflect the light
so that the resonance condition for the light that trapped in the
defect region is incomplete and it leaves the crystal. In the second
case, we are looking to investigate the effect of the defect layer
thickness on the absorption spectrum. As shown in Fig. 6(b),
by increasing the thickness of the defect layer, the absorption
peak increases and moves toward lower frequencies. In other
words, the path that light should travel back and forth in the
defect region increases, which leads to increase in the amplitude
of the absorption peak. Also, the bandwidth of the absorption
peak becomes narrower. Next, we investigate the effect of the
chemical potential on the absorption peak. The dependence of
the graphene refractive index on its chemical potential could
explain the tunability of the absorption spectrum. It is clear that
by increasing the chemical potential, the absolute value of εG,t

increases which leads to augmentation of the graphene refractive
index. Moreover, when the chemical potential increases, the
imaginary part of the graphene permittivity rises and this could
increase the absorption. Fig. 6(c) reveals that by increasing
the chemical potential, the absorption gradually increases and
reaches to the maximum value for μc = 0.9 eV. It is clear that
the absorption peak shifts to higher frequencies while the width
of the absorption peak moderately decreases. As the chemical
potential of graphene rises from 0.3 eV to 0.9 eV with a step
of 0.3 eV, the frequency of the defect mode stands at 5.12 THz,
5.24 THz, 5.33 THz and the magnitude reaches to 47%, 83.76%,
and 100%, respectively.

Therefore, our absorber with tunability of 0.35 THz/eV
has potential application in tunable THz narrow-band filters.
Fig. 6(d) shows the reflection, transmission, and absorption
spectra of the proposed perfect absorber. Last but not least,
the whole thickness of the proposed design is approximately
506 μm.
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Fig. 6. Color map of the absorption spectrum for (a) Different period numbers
N1, (b) different defect layer thicknesses, and (c) Different chemical potentials.
(d) Reflection (R), transmission (T) and absorption (A) spectra of the proposed
perfect absorber.

Fig. 7. Color map of the absorption spectrum of the proposed perfect absorber
for the TE and TM polarizations as a function of the incident angle.

As can be seen, the defect mode appears at 5.33 THz and
the incident light is completely confined in the defect layer that
causes an absorption peak of 100%. One of the most important
features of the absorber is the bandwidth that can be tuned by
changing the chemical potential of graphene. For our proposed
structure, the small bandwidth of the absorption peak is equal
to 0.05 THz and the absorber has a high-quality factor of 106.
Here, the quality factor is calculated by Q = ƒi/Δƒ, where ƒi is
the central frequency and Δƒ is the full-width at half maximum
bandwidth. Table I compares the performance of our proposed
perfect absorber with the previously reported optical absorbers.
It is clear that this perfect absorber has the lowest bandwidth in
the terahertz range compared to the previous works.

B. The Polarizer

In this section, we would like to design a terahertz polarizer by
using the presented absorber structure. For this, it is necessary
to investigate the effect of incident angle on the perfect absorber
characteristics. In Fig. 7 the color map of the absorption spec-
trum is demonstrated for variation of the incident angle from 0°
to 90° and for both the TE and TM polarizations. As can be seen,
by increasing the incident angle, the absorption peak shifts to
higher frequencies for both polarizations with a major difference
in terms of magnitude. This displacement is due to the shift of the
Bragg PBG of the structure. It is noteworthy that the TM mode
is more sensitive to the incident angle than the TE mode. When
the incident angle becomes greater than θ0 = 0°, the absorption
intensity for the TM polarization gradually decreases, whereas
it remains constant for the TE polarization. The reason is that the
graphene wave vector along the z-direction is no longer the same
for the TE and TM polarizations [given by (7)]. So, the incident
plane waves cannot couple properly to the 1D AGPC for the TM
polarization and reflect from the structure, while the coupling is
done well for the TE polarization. In fact, the TE waves transmit
through the structure and almost completely absorbed.

According to Fig. 8, when light is emitted at θ0 = 80°, the
absorption intensity becomes 0.22 and 0.92 for the TM and TE
polarizations, respectively. This feature is suitable for designing
a polarizer in the terahertz region. Consequently, the angle of
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TABLE I
COMPARISON OF THE PERFORMANCE OF VARIOUS TERAHERTZ ABSORBERS

TABLE II
COMPARISON OF THE PERFORMANCE OF VARIOUS TERAHERTZ POLARIZERS

Fig. 8. Absorption curve of the perfect absorber at the incident angle of θ0 =
80° for both the TE and TM polarizations.

incidence must be set at θ0 = 80° to achieve the terahertz
polarizer. the performance of a polarizer can be evaluated by
the polarization extinction ratio (PER) which is defined as 10log
(ATE/ATM), where ATE and ATM are the absorption of the TE
and TM polarization, respectively. The calculated PER for our
proposed structure is about 6.1 dB at 6.87 THz at θ0 = 80° and
μc = 0.9 eV. By adjusting the chemical potential of graphene
via an external voltage source, the PER can be controlled. Fig. 9
denotes that when the chemical potential of graphene changes
from 0.3 eV to 0.9 eV the maximum PER varies from 11.63 dB

Fig. 9. Calculated polarization extinction ratio of the polarizer as a function
of frequency for different chemical potential values.

to and 6.1 dB, respectively. Fig. 9 also shows that the polarizer
can be tuned in the range of 6.73 THz to 6.87 THz. It can be
concluded that as chemical potential decreases from 0.9 eV to
0.3 eV, the attenuation for the TM mode becomes larger than that
of the TE mode. Another important characteristic of polarizer is
insertion loss which is given by −10log (ATE).

For the chemical potential of 0.3 eV to 0.9 eV, the insertion
loss for the proposed polarizer is calculated as low as 1.3 dB
to 0.36 dB, respectively. The optical bandwidth of the polarizer
is as low as 0.023 THz and 0.031 THz for μc = 0.3 eV and
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μc = 0.9 eV, respectively. Table II demonstrates the compar-
ison of the presented polarizer with the previously reported
polarizers. It shows that our polarizer operates in an important
frequency range and not only has the lowest bandwidth among
the recent polarizers but also has the lowest insertion loss ever
reported for a free-space polarizer.

IV. CONCLUSION

In summary, we have examined the optical properties of the
1D AGPC in terahertz frequency range by using the TMM.
Thanks to a defect layer within the 1D AGPC, a Fabry-Perot
cavity is created to enhance the absorption of graphene in the
Bragg PBG. Considering variation of different parameters such
as the number of periods, the thickness of the defect layer, and
the chemical potential of graphene, a perfect absorber in the
terahertz range is proposed. Due to high confinement in the
defect region, a narrow-band absorber with a bandwidth as low
as 0.05 THz is obtained. Finally, we have demonstrated that
the absorption of the TE and TM polarizations are dependent
on the incident angle because of the anisotropy of graphene,
which leads to achieve a tunable terahertz polarizer. According
to the calculations, a low bandwidth of 0.023–0.031 THz and
a polarization extinction ratio as high as 6.1–11.63 dB are
obtained. The presented structure has potential applications in
tunable narrow-band filters in THz regions.
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