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Abstract Graphene-based Terahertz devices have attracted huge attention because
of their ultrathin design and tunable property. The graphene-based polarizer can be
formedusing a single ormultilayer of graphene sheet over the dielectric substrate. The
different shapes and size of the engraved graphene geometry make possible to design
different band and different mode of the polarizer which was ultrathin in design.
The graphene-assisted polarizer also has the tunable by various physical param-
eters such as chemical potential, frequency, scattering rate. The graphene-based
polarizer also provided unusual material properties like negative refractive index
which makes the overall polarizer structure a metamaterial device. The proposed
book chapter provides the fundamentals of graphene-based polarization devices.
The chapter includes the mathematical modeling of the graphene-based polarizers
devices and numerical investigation techniques used to identify the performance of
the graphene-based polarizer structure. The chapter also includes a detailed compar-
ative analysis of the previously published and available polarization devices in the
market.
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1 Introduction

Metamaterials (MMs), a modern form of the artificial substance that was recently
investigated in terms of their non-traditional electromagnetic properties. These
features are used to achieve numerous results such as negative refractive index [1],
perfect lensing [2], bolometer [3], etc. On the other way, Graphene owns exceptional
optical, electrical, and mechanical properties, such as large young modules, high

V. Sorathiya (B) · S. Lavadiya
Department of Information and Communication Technology, Marwadi University, Rajkot, Gujarat
360002, India
e-mail: vishal.sorathiya@marwadieducation.edu.in

S. Lavadiya
e-mail: sunil.lavadiya@marwadieducation.edu.in

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
S. Das et al. (eds.), Advances in Terahertz Technology and Its Applications,
https://doi.org/10.1007/978-981-16-5731-3_13

221

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5731-3_13&domain=pdf
mailto:vishal.sorathiya@marwadieducation.edu.in
mailto:sunil.lavadiya@marwadieducation.edu.in
https://doi.org/10.1007/978-981-16-5731-3_13


222 V. Sorathiya and S. Lavadiya

thermal conductivity, and massive carrier mobility [4]. Graphene material can be
realized with the bandgap structure of Dirac tapered. Graphene also offers the prop-
erties of linear dispersion. Graphene is a one-atom-thick two-dimensional material
that provides electrical and optical tunability over the ultra-wide range of THz and
GHz [5] frequency. It is also attracted huge attention for research on preparation
methods of graphene and its composition material. Similarly, the research commu-
nity also identifying the various material property extraction from graphene and its
composite devices. The property of the single-layer graphene can be controlled by
temperature, scattering rate, chemical potential, and frequency [6]. Several devices
were studied previously for Gigahertz to Terahertz region for achieving wide-angle
[7], perfect absorption, tunability [8], and polarization-insensitive [9]. These types
of properties of graphene provide the scope to design different tunable graphene-
based photonics components like absorber [10], THz antenna[11], polarizer [12],
grating structure [13, 14], Frequency selective surfaces [8], and bandpass filters. The
current metamaterial does not have features of tunability. The conventional meta-
material is realized by the different layers of metal, Si3N4, SiO2, and Al material.
It is possible to achieve the tunable feature only with the thicker size of conven-
tional material. The limitation of the size (specially thickens) and tunability can be
fulfilled by the graphene-assisted metamaterial structures. Al, silica and Au substrate
are used to form the single-layered graphene-based metamaterial devices. There are
different shapes like T shaped [15], L shaped [16], rectangular split ring-shaped, C
shaped [12] are engraved on graphene sheets to realize metamaterial polarizer. The
graphene-based polarizerwith composited graphenemetallicwire grid array is one of
the famous types of the polarizer to fabricate. There is wide use of the graphene-based
polarizer in various applications like an attenuator, modulator, photonics sensor, etc.

2 Graphene Conductivity Model

The single layer of the graphene sheet between two different materials has been
depicting as shown in Fig. 1. The sheet of graphene is considered as laterally infi-
nite over the x-z plane. Graphene is interfaced as μ1ε1 for y > 0 and μ2ε2 for
y ≤ 0 between two mediums as shown in Fig. 1. Here we may consider the all-
parameters values consisting of complex terms. The proposed graphene structure
can be considered as ultrathin with a two-sided surface conductivity model with
surface conductivity σ(ω,μc, �, T ). The conductivity of the graphene is considered
by Kubo’s Formula [6, 17, 18]. The equation of the surface conductivity model is
shown in Eq. 1.
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Fig. 1 a Graphene as surface conductivity model (σ ) between two different materials. b Top view
of the graphene. Hexagon is denoted as a six atom carbon structure

σ(ω,μc, �, T ) = je2(ω − j2�)

π�2

⎡
⎣ 1

(ω − j2�)2

∞∫

0

ε

(
∂ fd(ε)

∂ε
− ∂ fd(−ε)

∂ε

)
dε

−
∞∫

0

fd(−ε) − fd(ε)

(ω − j2�)2 − 4(ε/�)2
dε

⎤
⎦ (1)

Here, ω is defined as the frequency in radian, μc is considered as the chem-
ical potential of the graphene sheet. The graphene’s chemical potential can be
controlled externally. � and T are the scattering rate and temperature respec-
tively. Here � is assumed to be not dependent on energy. � and e are the reduced
Planck constant and charge of electron respectively. The function fd(ε) is defined
as fd(ε) = (

e(ε−μc)/kBT + 1
)−1

. Here the local conductivity is considered isotropic
by assuming no magnetic field. Equation 1 is categorized in the two conditions as
intraband (first part) and interband (second part) conductivity. The carrier density
values ns is used to identify the value of chemical potential μc as shown in Eq. 2.
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where the value of Fermi velocity vF is considered as approximately 9.5 × 105 m/s.
This carrier density can be controlled using external biasing and/or doping voltage. It
also needs to consider the for non-doped conditions T = 0K as well as ns = μc = 0.

The intraband conductivity term can be derived as shown in Eq. 3. This equation
is first derived by considering the case μc = 0 for graphite (by considering the
additive factor included for the interlayer connection between two-layer graphene
in graphite) intraband conductivity of single-walled carbon nanotube by considering
the infinite radius [19]. The simple conductivity, in this case, is considered as real
and imaginary part using σintra = σ ′ + jσ ′′. Where the values of both part σ

′
intra ≥ 0

and σ
′′
intra < 0. The imaginary part of the graphene sheet will help to propagate the

surface wave guided by graphene sheet [20].

σintra(ω,μc, �, T ) = − je2kBT
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The interbrand conductivity for the approximate condition kBT � |μc|, �ω is
presented by Eq. 4. In this equation, the conductivity values are considered from
scattering rate � = 0 and 2|μc| > �ω, σinter = jσ

′′
inter and σ

′′
inter > 0 conditions.

For the conditions of � = 0 and 2|μc| < �ω, σinter are the complex values with
σ
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inter = πe2/2h = σmin = 6.085 × 10−5(S) and σ
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3 Graphene-Based Polarizer

They are generally using the Drude models of conductivity to form conventional
polarizers which are based on the quantum well-based semiconductor structure.
While the metal’s imaginary conductivity part is greater than 0, which is used to
design only TM polarizer [21] devices. Some extensive research is available on how
graphene conductivity is to be calculated [22]. The results published in Hanon [18]
in 2008 include most scholars from the industry. Graphene was equated with a 2D
material, The surface conductivity of the graphene was measured using the Kubo
formula. Because of its adjustable conductivity, graphene can achieve the properties
of a metal or transparent medium under the control of different external applied volt-
ages. The polarization controller can therefore be implemented in TE or TM mode
with graphene material that cannot possibly be obtained by previous materials. In
this respect, graphene is increasingly attractive as a newmaterial for the development
of polarizers.



Polarization of THz Signals Using Graphene-Based Metamaterial … 225

Fig. 2 Schematic structure of polymer-based graphene polarizer device. a Growth of the graphene
sheet realized. This structure supports the one mode pass (TE mode) polarizer because the air
cladding supports a graphene sheet. bModified TM polarizer structure realized by placing the UV
curable polymer of CVD grown graphene sheet

There is a huge demand for the creation of compatible photonics integrated circuits
with complementary metal-oxide-semiconductor (CMOS) structures. Graphene-
based photonics devices are fortunately highly compatible with available conven-
tional CMOS devices. Kim et al. developed a hybrid, optical flat waveguide polarizer.
The structure is shown in Fig. 2. In this case, it can be used for selection as a TM or
TE pass polarizer to identify whether a top layer cladding is available in the system
[23].

The polarizer is based on the graphene-based single-layer sheet. In this structure,
both layer (Upper and lower) is formed with per fluorinated polymer acrylate, UV
curable, which can adjust graphene’s carrier density and conductivity, to allow TM
or TE surface waves to be selectively supported. The TE pass polarizer consists of
graphene, which consists of a rectangular cross-section corner where the RI is 1.37
and 1.39, as shown in Fig. 2a, respectively. In addition, since in the absence of upper
cladding, the waveguide is covered with air. The electrically tunable TM polarizer
structure with the graphene monolayer sheet on a guide core as shown in Fig. 2b,
The difference between Fig. 2a is only a polymer with a UV curable on top of the
layer of the waveguide. The rest of the RI values of the other layer is the same as the
TE pass polarizer.

The polymer waveguide with graphene sheet in the polarizer is created first by
assembling a lower cladding structure with 20 µm-thick sizes on a silicon slab wafer
and then treating it with UV light. The core of the waveguide is transferred to the
lower cladding layer, which has a thickness of 5 µm and formed with polymer,
which is irradiated with UV light to cure it. The thermochemical vapor deposition
(CVD) method has been used to transfer the graphene film on SiO2/Si substrate. The
graphene film for this structure has been grown using thick nickel sputtering with
a thickness of 300 nm. The mask is created by photolithography and then modifies



226 V. Sorathiya and S. Lavadiya

using O2 plasma to form a linear optical fiber waveguide with graphene tape on the
top of the core structure in the polarizer waveguide region.

The graphene polarizer’s optical characteristics were tested first by coating it with
air. Afterward, the upper layer of the polarizer was formed by spin-coated polymer
resin and tested again. To get an infrared image, they did the same as they did with
the photometer, except they used the output port of this waveguide structure as a
polarized light capturing. The intensity of TE polarized light is observed strongly in
the air-clad-based polarizer structure as compared to the TM-polarized light intensity.
The key factor is the air-coupling layer. While the UV curable resin layer is been
placed on the top of the waveguide in the TM polarizer. After placing this layer,
the TM-polarized light is modified to a more intense spot. The TE light has a faint
intensity, which may be detectable by polarized light. There is a very small RI
difference between the upper and lower layers. Although the slab mode can be seen
in TM-polarized light. This structure with UV curable resin work as a TM-polarizing
waveguide. Also, the insertion loss is measured in the waveguide to investigate the
polarizing effect.

Graphene strips have a notable effect on insertion loss in waveguides with cores.
For polarizing TE-treated graphene light, generates the 10.9 dB of the extinction ratio
20.7 dB of the insertion loss. On average, the TE-related modified graphene polarizer
had a 50 dB of insertion loss, and the TE insertion loss was found to be 19.8 dB.
This results in the majority of the optical power being radiating in a radiative mode.
As a result, Kim concluded that the proposed waveguide device takes full advantage
of the variation in optical and electrical characteristics concerning external biasing
connected to graphene for use in on-chip PICs.

4 Graphene-Based Polarizer Using Optical Fiber

In an optical network, an optical fiber polarizer is one of the most important passive
components, as it controls the orientation of the phase and polarization. It is especially
popular due to its lightweight, quick rise time, long lifetime, and ease of integration
with the optical fiber system (High compatibility). At present, the fiber optic sensing
system and fiber gyroscope is the primary device for polarized light generation in
the fiber. This system will also play an important role in the optical fiber system. An
optical attenuator can be split into an optic polarizer. The difference between two
modes of polarization, one stronger and one weaker, is to be increased for creative
interference. The longer the mode is used, the less loss it produces, so the shorter the
other mode gets. The polarization identity of these two endpoints follow is that one
mode of polarization end of the line and the polarization mode flows from it. For the
typical fiber, polarizers based on metal-clad fiber, toroidal clad fiber [24], and crystal
clad fiber are frequently used [25].

Graphene’s outstanding optical and electrical properties mean that its chemical
potential can be externally manipulated. The “n-doped” state of graphene can be
obtained by adding metals to the atom-doped state of graphene, and the “p-doped”
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Fig. 3 a Schematic of the stacked PMMA/graphene-based fiber-based polarizer structure. b Setup
for identifying extinction ratio measurement

graphene state can be attained through the introduction of polymer molecules such
as F, O, N materials. This can be also attained with other semiconductor elements.
Additionally, the surface transfer doping of graphene is containingmore stable condi-
tions. While the variationally doping having less unstable conditions than surface
transfer doping. The quality of the overall surface coverage of the number of atoms
or chemical species or dopant atoms that are mixed into the basal plane is impossible
to replicate. We need precise ways to uniformly and precisely dope n-type/p-type
graphene for various applications, and then use these methods to control the concen-
tration of dopant. It is possible to effectively suppress the Transverse magnetic and
transverse electric modes by controlling the chemical potential of graphene.

Figure 3a shows 3D schematic of the PMMA/Graphene stacked fiber-based polar-
izer structure and Fig. 3b shows the proposed setup for identifying extinction ratio
measurement values. The wheel side-polished method is used to create the polished
surface. The fiber polarizer loss is dependent on parameters such as a side-polished
facet roughness and the length and surface. The measured fiber polarizer loss was
smaller than 1 dB/mm is observed for the polishing depth of 62.5 µm. This loss can
be reduced by making a more polished surface. The CVD method is used to grow
graphene on copper foil. A spin coater with a very high rotation speed is used to
form the 400 nm thick PMMA film.

While this treated copper foil was sitting in ferric nitrate nonahydrate solution
for two hours, the rest of the PMMA-graphene surface was flushed with deionized
water. The evaporation of any leftover solvent left the fiber materials in contact,
which resulted in a single layer of graphene and PMMA. It was coated a second time
with a graphene/PMMA sheet and transferred again, yielding a double-sided PMMA
stack-based graphene polarizer. Because of a modal evanescent field enhancement
associated with the high-index fiber cladding, light can propagate throughout the
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core of the fiber. With strong light interaction between the modes, the attenuation
between orthogonal polarizations is high, and this results in a lower value of the
insertion loss because of the device compactness. When the device is only 2.5 mm
in length, a double-layer PMMA/graphene stacked fiber polarizer is composed of a
5 dB insertion loss and a 36 dB extinction ratio. A double-layer of bilayer graphene
(on both sides) has outperformed single-layer graphene and single-coated graphene
(one side only) in designing and manufacturing polarizers with a ratio of 44 dB for
4 mm device length.

5 Graphene Array-Based Polarizer

Several graphene-based THz polarizers with the composition of other materials
have been presented previously [26]. Metasurfaces devices are manipulating EM
waves using two-dimensional anisotropic array structures. It is possible to create
tunable THz polarizers, either using pure graphenemetasurfaces structure or through
graphene and metal incorporated metamaterial geometries. These structures can
control the polarization direction of the incident light and convert the linear state
of polarization to circular polarization states. More interestingly, graphene-based
THz polarizers are essential to offer THz attenuator devices for switching devices
for THz communications [27]. The wire grids-based THz polarizer with the substrate
[28] or free-standing [29] structures offer an approximately 40 dB of high extinction
ratio and 1 dB of low insertion loss for lower THz range up to 1 THz [30].

This type of polarizer with metallic wire grid structure shows a high transmission
amplitude for TM polarizer wave and low transmission for TE polarized wave [29].
The same effect can be observed for wire grids made up of graphene sheets, for the
near-infrared and microwave range [31–33] of the EM wave spectrum. In addition
to graphene wire grid structure generates the low transmission for THz waves (TM
polarized)with the effect ofwaveplasmoncoupling [34, 35]. This graphenewire grid-
based THz polarizers having a limitation of low transmission in both transmission
modes. Another limitation in graphene wire grid-based polarizer structure is the
low modulation (~10%) (TE mode of polarization), which is created by the Drude
absorption [34] effect.

This polarizer is formed such that both metal and graphene elements are inter-
leaved. Metal metasurface in the polarizer structure is fabricated from a graphene
grid and metal patch array structure. A graphene sheet is used in the metal grid
structure. This offers a higher conductivity than the grid structure formed from indi-
vidual graphene sheets. The graphene wire hybrid polarizer structure, with graphene
wire grid placed onto a metal metasurface, is shown in Fig. 4. The graphene filling
factor (GFF) responsible for the conductivity modulation. Smaller values of GFF
along the wire make a larger conductivity modulation, which will make larger THz
transmission modulation.

The metal metasurface along with the graphene patch wires makes a strong TM-
polarized plasmon mode, which causes the separated graphene patch geometry to be
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Fig. 4 a Three-dimensional
view of hybrid wide grid
formed with graphene
metal-quarts based polarizer
structure. b Cross-sectional
view of the graphene metal
quarts based polarizer
structure

connected with an individual metal strip. The coupling efficiency of wave plasmon
interaction is depending on the dimensions of graphene patch up to a certain width,
the TM-polarized coupling can be suppressed by decreasing graphene wire length
[36]. The metal metasurface provides the TE polarized plasmon into graphene. The
polarized plasmon (TEmode) interacts with the THz wave and it will also tunable by
different values of graphene conductivity. The THz transmission modulation vari-
ation can be realized with these TE polarized plasmons [37]. The metal graphene
structure forms the inductive and capacitive circuitwhich generates the coupling reso-
nance with TE polarized plasmons. In this circuit, charge accumulation is formed by
metal and an inductive channel formed by graphene sheet.

The graphene-wide grid-based polarizer is fabricated on ST-cut SSA quartz
substrate with 0.35 mm thickness. DLP laser lithography uses to fabricate the metal
patterns. In this lithography, the layer of Ti (7 nm) and Au(70 nm) has been formed
with electron beamevaporation. Thewet transfer procedure [38, 39] is used to transfer
the CVD graphene sample on the metal array. The spin coat of the PMMA is taken as
support in this process. The copper foil was removed after this using an ammonium
persulfate solution with a 2% concentration. Initially, graphene is covered the whole
area of the metal surface. The oxygen plasma at 50 W of power has been applied
for 2 min to each graphene wire structure. The photoresist material S1813 is used
to protect the graphene wire. This photoresist was removed in acetone after etching.
The ion gel was prepared by dissolving PVDF-HFP in acetone with the aid of a
magnetic stirrer for an hour, before adding the [EMIM][TFSI] into the solution and
stirring for 24 h. The gel was prepared with ionized solvent as suggested in [40]. This
gel offers large carrier density and good transparency at lower applied gate voltage
[41].
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6 Graphene Gold Patch-Based Three-Layered THz
Polarizer

6.1 Introduction and Design Modeling

Thegraphene conductivity equation allows to articulation single-layer graphene sheet
in various FEMcomputational platforms as a surface conductivitymodel. The single-
layer graphene-based polarizer structure is numerically investigated as per the struc-
ture shown in Fig. 5a. In this structure width and length of the structure (W ) are
set as 7.6 µm. The size of the patch is set as L set as 4 µm. The height of the

Fig. 5 Graphene-based polarizer structure for THz frequency spectrum. a 3D view of the polarizer
structure. b Top view of the polarizer structure. c Reflectance and d transmittance amplitude for
different fermi energy values of graphene and frequency. e Phase variation for the different fermi
energy values of graphene and frequency
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gold patch is set as 200 nm. The graphene is articulated as a cross-shaped structure
with a single-layer structure. The graphene conductivity equation is used as given
in Eqs. 1–4. The length and width of the graphene patch are set as (g × h) 3.25 ×
6.5 µm. The thickness of the silica is set as 1.5 µm. The wave is excited about the
Z-axis. X-Y boundaries are set as periodic boundary conditions. The reflection and
transmitted amplitude variation are calculated by considering the two-port system
for the proposed structure. The fermi voltage of the graphene is varying from 0.1 to
0.9 eV for the graphene sheet.

6.2 Results and Discussion

The reflectance and transmittance amplitude variations are shown in Fig. 5c, d. the
reflected wave phase change is shown in Fig. 5e. This fundamental structure is used
to identify the wave polarization for the THz range and different Fermi energy of
the graphene sheet. The reflected wave amplitude and its polarization values help
to identify the polarization conversion (linear/circular/elliptical). The comparative
table of such layered polarizer devices is shown in Table 1.

Table 1 Comparative study with the proposed polarizer structure and previously studied the
structure in terms of various physical parameters

References Material Dimensions
(W, L, H) in
µm3

Max.
reflectance
(%)

Type of layer Wide-angle
stability

Min. and
max.
frequency
band

Liu et al.
[42]

Metal (200, 200,
90)

55 Single layer 70 1.6–5

Liu et al.
[43]

Metal (100, 100,
26)

70 Multi layer 40 0.76–1.48

Yu et al.
[44]

Graphene
dielectric
gold

(120, 120,
59)

40 Single layer – 0.4–1

Fardoost
et al. [45]

Graphene (15, 15, 19) 25 Multi layer – 1.65–4.35

Deng et al.
[46]

Tantalum
nitride

(70, 70, 25) 60 Single layer 45 1.17–2.99

Zhu et al.
[47]

Graphene
dielectric
Silica

(16, 16, 25) 22 Single layer 40 0.6–2.6

Shi et al.
[48]

Metal (105, 105,
25)

80 Multi layer 60 0.7–2.5

Gao et al.
[49]

Graphene
silica

(4, 4, 0.25) 75 Single-layer – 1–4



232 V. Sorathiya and S. Lavadiya

7 Graphene Metamaterial-Based Polarizer

Metamaterials, which are not found in nature, are frequently the focus of interest over
the last two decades, are experiencing increasing levels of public scrutiny in academic
research. a Few kinds of materials can be utilized in the application, including semi-
conductors [50–52], periodic materials containing multiple metals, which are used
in optics and electromagnetics metamaterials, [50–52]. particularly, their property of
being able to be expanded to make lightweight or deformable items without being
of physical substance is noteworthy until that time static does not prove useful,
expansion of metals is unviable, we must restrict development.

The properties of grapheme—an active semiconductor that can also act as a plas-
monic device—have recently increased in use as metamaterials have started to be
focused on its new dynamic properties [53]. Giant gold nanoparticles have the poten-
tial for helping with certain optical devices, especially those with light transmission,
this is known as plasmon-induced transparency (PIT) The rule is that if the linearly
polarized light enters a semi-transparent glass, the model will shift from clear to
opaque. Other than that, dark and bright modes based on the structure of the graphene
can be additionally configured with a fermi level, there are bright and dark ones that
are based on switching to and lowering or increasing the Fermi level within graphene.
PITIs are commonly employed, which may make the PIT phenomenon common.
Thus, metamaterials used in this way have also begun to be discovered as a research
interest.

The metamaterial structure as a single periodic unit comprising four graphene
blocks and strips is shown in Fig. 6a. The linearly polarized light is excited from the

Fig. 6 a Three-dimensional view of the graphene patch array-based polarizer structural unit
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top of the structure as shown in Fig. 6. The different graphene metamaterial structure
generates different transmission spectrum for the different incident source polariza-
tion conditions by exciting different graphene patch on the array. It is possible to
design such an array-based graphene polarizer structure using different graphene
engraved geometries [54, 55]. Many studies show that the polarization angle of the
light will have a great influence on the performance of the metamaterial structure.
To check the behavior of the variation in the polarization state in this study the
different structures of graphene metamaterial will produce individually. The polar-
izer structure with only the P1 patch in Fig. 6 will generate the red Lorenz lines
for X polarization incident conditions. It is possible to generate the bright modes
as they are interacting directly with the incident light and graphene in presence of
patch P1/P3. This interaction generates the red Lorenz line. However, The polar-
izer structure with a single P4 patch generates the dark mode as it is not interacting
with the direct incident light. Surprisingly, In Y polarized light the for all the struc-
tures the red Lorenz lines disappear. A graphene structure can produce multiple
resonances points. Multiple resonant dips appear at different frequencies for this
graphene-based metamaterial structure. In this research study the low-frequency
first-order resonance shown; complex phenomenon results for the second or higher
order resonating modes. This mode is ignored in the studies. Similarly, in many cases
of split ring structure, I shaped, L shaped, cross-shaped graphene engrave geometry
it possible to generates the different polarization effects with different input incident
angles.

The applications of the graphene-based polarizer device are shown in Table 2.
The graphene-based polarizer is used in many fields such as light manipulation
devices, Photodetector, polarization sensors, modulators, radiating antenna, etc. The
short working methodology along with the advantages as compared to other non-
graphene-based devices are shown in Table 2.

8 Conclusion

Graphene-based THz polarizer has attracted the large attention of the scientific
community due to its reconfigurable and ultrathin design. The different graphene-
based polarizer structure offers to generate tunability, TE to TM mode conversion,
ultrathin design. The graphene-based metamaterial polarizer is used for potential
applications such as sensor, photodetector, antenna, modulator, polarizer, etc. In this
chapter, we presented various designs and structures of the polarizer with its working
principles, fabrication techniques, and advantages. We presented useful mathemat-
ical equations to articulate the graphene-based conductivity model which helps to
define properties of graphene in FEM calculation. A Three-layer silica-graphene-
gold-based structure is numerically investigated using the same graphene conduc-
tivity formulation and FEM environment. This chapter will give the idea of forming
fundamental graphene-based polarizer and other photonics devices for various THz
and electro-optical applications.
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Table 2 Application of the graphene-based polarizer devices with working methodology and
possible advantages of structure

Type of devices Working methodology Advantages

Polarization sensor • Enhance the absorption values
• Use the attenuated total
internal reflection

• Fast speed of measurement
• Real-time processing
• Sensitivity is high
• Low sample consumption

Polarization Photodetector • The different shaped structure
used with SiO2 substrate

• Different pattern structure
created different surface
plasmon

• Photodetector tunability
achieved using an external
biasing voltage of graphene

• Fast and responsive speed
• High rate of detection
• Works on broad-spectrum and
tunable

Polarization modulator • Absorption is changed
concerning the applied voltage
by refractive index variation

• Light absorption rate
controlled by an electrical
signal which is ultimately
modulation variation

• Small loss
• Small volume
• Modulation efficiency and
extinction ratio is high

Polarizer • Depends on the leak mode
created by the graphene
surface

• When epsilon reaches zero,
one mode loses from TE/TM
and one remains available at
another side of the structure

• Easy to integrate
• Small size
• High compatibility with
another device

• Working on a wideband
spectrum

Polarizer based antenna • Different shape of structure
generates different polarized
radiation signal

• Graphene work as a
conductive medium for
radiation

• Tunable with external biasing

• Thin and small size
• Tunable
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