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Abstract. A broadband polarisation-insensitive terahertz (THz) metamaterial absorber (MMA) is presented in this
paper. The MMA consists of a simple planar structure as a unit cell and an optically transparent indium tin oxide
(ITO) ground plane, both are separated by a 50 μm dielectric substrate. We designed three combinations of MMA
here, which are ITO–polyimide–ITO, ITO–polyethylene terephthalate (PET)–ITO and ITO–silicon dioxide (SiO2 )–
ITO for the same planar structure. By changing the substrate of the structure, the resonant frequency and bandwidth
of the absorber structure can be varied. The numerical simulation of the absorber shows that the absorptivity is
>96% for all three substrates. Polyimide, PET and SiO2 based absorbers demonstrated the bandwidth of 0.558 THz,
0.603 THz and 0.658 THz with covered broadband frequency range of 0.4254–0.9829 THz, 0.457–1.16 THz and
0.511–1.169 THz respectively. ITO–PET–ITO absorber structure produced optical transparency. These bandwidths
are compatible and convenient for electronic sources in the terahertz region. This study also provides applications
in THz sensing and imaging, communication and detection systems.
Keywords. Polyimide; silicon dioxide; polyethylene terephthalate; optical transparency; broadband.
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1. Introduction
Research on terahertz (THz) technology is getting attention from many researchers around the world due to
its applications in different fields. Terahertz band lies
between the microwaves and infrared waves within
the frequency range of 0.1–10 THz [1]. Metamaterials
are artificial materials engineered to provide properties such as perfect lensing [2], invisibility [3], negative
refractive index [4], cross polarisation conversion [5],
perfect absorption [6] and asymmetric transmission
[7], which are not readily available in nature. These
materials get their properties from the structure rather
than composition. Because of their unique properties, metamaterials become excellent electromagnetic
wave absorbers. To manipulate the electromagnetic
waves from microwaves to visible regime, different
types of metamaterial filters [8], multiband metamaterial absorbers [9], broadband metamaterial absorbers
[10] and cloak [11] have been demonstrated. The first
metamaterial was proposed by Landy et al in the
year 2008. The proposed metamaterial consisted of a
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split ring resonator and metallic cut wires and when
a dielectric sheet is placed between them, it achieved
single-point absorption [12]. After this, many absorbers
have been produced by different researchers. These
absorbers have been used in many fields such as sensing [13], filters [14], switches [15], modulators [16]
etc. To broaden the absorption curve from microwave
[17,18], infrared [19] to THz [20–22] till the optical region [23], many efforts have been made by the
researchers. But all are not efficient at all times since
they have limited frequency ranges and do not support some practical applications. Researchers mainly
used two techniques to enhance absorption rate and
bandwidth range. In the first method, different sized
resonator in a single unit cell is used to achieve
multiband operation. The second approach is stacking
different material layers in a single unit cell. However, these approaches have two main disadvantages:
(1) the unit structure will have large unit cell size
and (2) the stacked structure provides technical difficulties of either misalignment or fabrication, and,
these types of designs do not meet the requirement
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of miniaturisation and simplification [24]. Hence, it is
necessary to design broadband absorbers with simple
planar structures.
In this paper, the unit cell contains a circle with
four sectors without having a multilayer or different
sized multiple resonators. So, this simple planar structure has indium tin oxide (ITO), a conducting material,
and a 50 μm dielectric substrate is placed between the
ITO ground plane and radiating patch. By changing
the substrate of the structure, the resonant frequency
and bandwidth of the absorber structure is varied.
The numerical simulation of the absorber shows that
the absorptivity is >96% for all the three substrates.
Polyimide, PET and SiO2 based absorbers respectively
demonstrated 0.558 THz, 0.603 THz and 0.658 THz
bandwidths. This can be used in the field of imaging,
THz communication and sensing.

2. Structure and design
The unit cell of the proposed broadband terahertz metamaterial absorber (MMA) is composed of only three layers. The 50 μm dielectric substrate is placed between the
ITO ground plane and the circle with cross sectors radiating patch structure. Three combinations of terahertz
MMA are simulated here which are ITO–polyimide–
ITO, ITO–SiO2 –ITO and ITO–PET–ITO for the same
planar structure and these are shown in figures 1a–1c
respectively. Here the ITO–PET–ITO MMA structure
demonstrated optical transparency and mechanical flexibility. Polyimide is used as adhesive and coating. Also,
it has high thermal stability and electrical conductivity. Silicon dioxide (SiO2 ) substrate is normally used
to design unique patterns. Hence, these three substrates
confirmed their support for terahertz applications. The
optimised geometrical parameters of the MMA structure
are shown in table 1. The size (width = 200 μm, length
= 200 μm) of the dielectric substrate and the metallic
bottom ground plane are the same. The thickness of all
the three substrates used is 50 μm and the radius of the
circle is 65 μm.
The absorption rate of the incident plane wave is calculated by using the equation A(ω) = 1 − R(ω) −
T(ω), where A, R, T and ω represent the absorbance,
reflectance, transmittance and angular frequency respectively. The bottom layer ITO can be treated as a
perfect electric conductor (PEC). It blocks the incident electromagnetic waves and hence the value of
transmittance (T ) is zero. To achieve 100% absorption rate, we need to match the inductance value
to the free space which decreases the reflectance
value (R).
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Table 1. Designed parameters of the MMA structure.
Designed parameters

Values (μm)

Ground width and length (W2 × L 2 )
Substrate width and length (W1 × L 1 )
W×L
Radius of the circle (R)
Substrate height (h)

200 × 200
200 × 200
8 × 15
65
50

3. Results and discussions
The CST Microwave Studio software is used to design,
simulate and analyse the electromagnetic behaviour of
the absorber structure. Maxwell’s equation numerically
simulated by periodic boundary conditions in y and x
directions and open space in z direction helps us to
achieve a higher absorption rate. In order to make effective wave propagation and polarisation direction, the
background and boundary conditions of the unit cell
were set up properly. In the simulation, two ports were
used to transmit and receive the polarised THz wave.
Here we discuss about ITO–polyimide–ITO, ITO–PET–
ITO and ITO–SiO2 –ITO-based THz MMA structures.
For all these combinations, ITO acts as a ground plane
as well as the circle with four cross sector patterned
radiating patch. When the substrate is polyimide, the
MMA resonates at three frequencies 0.4709, 0.7898
and 0.9614 THz with 97.3, 99.1 and 99.1% absorptivity
respectively. This also covers the broadband frequency
range from 0.4254 to 0.9829 THz and has the corresponding bandwidth of 0.558 THz. When the substrate
is SiO2 , THz absorber resonates at two different frequencies 0.5726 and 1.1462 THz with 99 and 99.7%
absorptivity and it covers the broadband frequency range
from 0.511 to 1.169 THz with the corresponding bandwidth of 0.658 THz. When the substrate is PET, the
polarisation-independent absorber resonates at three different frequencies 0.5112, 0.8438 and 1.0238 THz with
96.2, 99 and 98.1% absorptivities respectively. This covers the broadband frequency range from 0.457 to 1.16
THz and has the corresponding bandwidth of 0.603 THz.
Table 2 clearly shows the frequency, absorption and
bandwidth responses of three different substrates. The
broadband absorption curves are shown in figure 2. We
need to know the part of polarisation angle and incident
angle in electromagnetic waves.
It can be identified by using CST simulation software.
Figures 3a–3f clearly show the absorption mechanisms
for different incident angles θ and polarisation angles
φ. When the polarisation angle is 0◦ the incident angle
is varied from 0◦ to 90◦ . The absorptivity is decreased
slightly when the incident angles are 30◦ –90◦ . When
the incident angle is 0◦ the polarisation angle is varied
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Figure 1. A unit cell of the terahertz metamaterial absorber. Polyimide is represented in yellow, SiO2 in brown, PET in green
and ITO in pink.

Figure 2. Absorption spectrum for three combinations of MMA. (a) ITO–polyimide–ITO, (b) ITO–SiO2 –ITO, (c)
ITO–PET–ITO and (d) return loss for three combinations of MMA.
Table 2. Comparison of frequency, absorption and bandwidth of three different substrates.
Parameters
Frequency (THz)
Absorptivity (%)
Bandwidth (THz)

ITO–polyimide–ITO

ITO–SiO2 –ITO

ITO–PET–ITO

0.4709, 0.7898, 0.9614
97.3, 99.1, 99.1
0.558

0.5726, 1.1462
99, 99.7
0.658

0.5112, 0.8438, 1.0238
96.2, 99, 98.1
0.603
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Figure 3. (a), (b), (c) Absorption curves at different incident angles (θ = 0 to 90◦ ), (d), (e), (f) absorption curves at different
polarisation angles (φ = 0 to 90◦ ) for three combinations of MMA.
Table 3. Frequency, absorption and bandwidth of ITO– SiO2 –ITO absorber for different lengths (L).
Length (μm)

Frequency (THz)

Bandwidth (μm)

Absorptivity

5
10
15
20
25

1.1525
0.5521, 1.1497
0.5726, 1.1462
0.588, 1.138
0.5998, 1.0892

–
0.67
0.658
0.624
0.5

99.8
99.6, 96.9
99, 99.7
97, 96
94, 89

from 0◦ to 90◦ . The absorptivities for all the frequencies
remain unchanged for all the polarisation angles. Hence,
the broadband MMA is polarisation-independent in
nature for all the three combinations. The internal structure mechanisms and their behaviour are studied by
using surface current flow. Figures 4a–4c represent
the surface current mechanism for ITO–polyimide–ITO
MMA. When the substrate is polyimide, the MMA
resonates at 0.4709, 0.7898 and 0.9614 THz frequencies. When the frequency is 0.4709 THz, the current
is mainly concentrated on the left and right sides of
the circle and at all (W × L) lines. When the frequency is 0.7898 THz, the current density is maximum
at the top and bottom sides of the circle and at all
four (W × L) lines. The current density is maximum
at the top and bottom circle surfaces when the frequency is 0.9614 THz. Figures 4d–4f represent the
surface current mechanism for ITO–PET–ITO MMA.
The PET-based MMA structure resonates at 0.5112,

0.8438 and 1.0238 THz frequencies. The surface current distribution is maximum at the left and right sides of
the circles when the frequencies are 0.5112 and 0.8438
THz. When the frequency is 1.0238 THz, the current
is highly concentrated on the top and bottom of the
circle. Figures 4g and 4h represent the surface current mechanism for ITO–SiO2 –ITO MMA. SiO2 -based
absorber structure resonates at 0.5726 and 1.1462 THz
frequencies. Both frequencies are highly concentrated
on the top and bottom of the circle-shaped absorber.
Geometrical parameters of the absorber structure are
very much important to achieve a higher absorption
rate. Parametric examination can be done to research
the impact of working frequency on the size (length and
width) of MMA. Broadband absorber mainly focusses
on the bandwidth. By changing the length (L) of the
absorber structure, the resonant frequency value, bandwidth and the absorption rate are varied. Table 3 shows
the analysis of the length (L) of the ITO–SiO2 –ITO
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Figure 4. Distribution of the surface current at resonance frequencies (a) 0.4709 THz, (b) 0.7898 THz, (c) 0.9614 THz, (d)
0.5112 THz, (e) 0.8438 THz, (f) 1.0238 THz, (g) 0.5726 THz and (h) 1.1462 THz.

MMA. L is varied from 0 to 25 μm. When L is 15 μm,
maximum absorptivity is obtained with better bandwidth.

4. Conclusion
In conclusion, we presented a simple broadband polarisation-insensitive THz MMA. The broadband MMA
consisted of a simple planar structure as a unit cell and an
optically transparent ITO ground plane which were separated by a 50 μm dielectric substrate. Here we designed
and simulated three combinations of MMA which
were ITO–polyimide–ITO, ITO–PET–ITO and ITO–
SiO2 –ITO for the same planar structure. ITO–PET–ITO
absorber structure produced optical transparency. The
numerical simulation of the absorber showed that the
absorptivity is >96% for all the three (polyimide,
PET, SiO2 ) substrates. Polyimide, PET and SiO2 based
absorbers demonstrated bandwidths of 0.558, 0.603

and 0.658 THz with the covered broadband frequency
range of 0.4254–0.9829 THz, 0.457–1.16 THz and
0.511–1.169 THz respectively. These bandwidths are
compatible and convenient for electronic sources in the
THz region. The internal structure was analysed using
surface current mechanisms. Also, this study provides
applications in THz sensing and imaging, communication, defense and detection systems.
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