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Abstract. In this study, a new multifunctional terahertz (THz) metamaterial absorber (MMA) has been presented
which is controlled by the thickness of the substrate used. The proposed structure consists of copper as the ground
plane and polyimide dielectric layer is placed in between the ground panel and the top radiating patch. The resonant
frequency and number of resonating modes of the proposed absorber can be changed by varying the thickness of the
substrate from 10 to 100 μm for the same planar structure. Depending on the thickness of the substrate, this MMA
gives a narrow (10 μm), double (20 μm), triple (30 μm), quad (50 μm) and hexa (100 μm) number of resonating
modes. In order to analyse the physical mechanism of the proposed absorber, we took 10, 20 and 30 μm-based
MMA and their electric and magnetic field distributions are demonstrated. We compared the resonant frequency
ranges and the number of bands with the previously reported papers. The polarisation and angle insensitivity of
the design have been validated by numerical simulation up to 90◦ of oblique incidence. The effects of variation
in geometrical parameters and sensing habits have been studied in the narrow band (10 μm) MMA structure. The
designed multifunctional absorber has the advantage of using the same MMA to produce multiple (narrow, double,
triple, quad and hexa) band absorbers.
Keywords. Single-/dual-/multiband metamaterial absorber; thickness of the substrate; terahertz; polyimide.
PACS Nos 81.05.Xj; 78.67.Pt; 87.50.U

1. Introduction
From twentieth century till today, scientists established
various frameworks to spearhead the field of electromagnetics because of its unusual properties. In recent
times, the design and measurement of resonant metamaterial absorbers (MMA) at terahertz (THz) bands
have attracted more attention. Terahertz wave lies in
the range of 0.1–10 THz at the electromagnetic spectrum. The terahertz band spreading gap between the
infrared and millimetre waves may well be the least
used bit of the electromagnetic range due to the unavailability of suitable sources [1,2]. MMAs are the most
important arm of metamaterial devices because they
have many potential applications. The typical MMAs
are composed of three layers: dielectric substrate is
placed between the bottom ground plane and the
top patterned metallic resonator structure [3]. From
microwave to optical frequencies, various metamaterial
structures such as cut wire pairs [4], stereo structures
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[5], split ring resonators and fishnet structures [6], have
been proposed and verified. To control the electromagnetic waves, many metamaterial-based devices such as
modulator [7], filter [8], photodetector [9], bolometer [10], sensor [11], absorber and antenna [12] were
constructed. Previous researchers mainly used three
techniques to enhance the absorption rate range of the
multiband MMA. The first method uses many vertically stacked metal–dielectric layers into a new single
unit cell. The next one forms multiple subunit structures with different sizes in a single large unit cell. It
will make the size of unit cell too large, which will
increase the result in angular dependence because of
many connections between the subunits. The last one
is based on cascaded cavity design and doped graphene
or silicon materials or other composite structures. The
broadband and even ultra-wideband stronger absorption
could be realised by cascaded cavities and multilayer.
However, these three approaches are usually constrained
by design complexities and cost. These designs also
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have dependencies on incident angles and polarisation
angles and some on selective frequency and wavelength
[13–17]. Landy et al in 2008 demonstrated a narrowband perfect microwave MMA which consists of split
ring resonator and cut wire pairs [18]. Subsequently,
single band [19], dual-band [20], multiband [21], broadband [22], ultrathin wideband, polarisation-sensitive
and insensitive MMA for sensing application, tunable MMA, single-/dual-band [23], single-/broadband
[24], triple-/dual-band [25,26], single-/double-/tripleband [27], frequency-selective surface-based absorber
[28], thickness-dependent MMA [29] and conformal
absorber [30] were reported. A simple design with highperformance MMAs is still an important issue in the field
of metamaterials. In effect, metamaterials with highorder resonances are important. It is very helpful to
design a multiband or broadband MMA by combining
the basic and high-order resonance modes in a single
patterned metallic structure.
Bifunctional MMA was designed and measured by
many researchers in microwave and terahertz region.
In 2015, Zetai Yu et al demonstrated the single-/dual/triple-band MMA by using cut wire and square ring
[31]. Here, the narrow-band MMA was achieved by
square ring and the dual-band condition can be further designed by adding a cut wire in the narrow-band
MMA based on square ring. The tri-band MMA can
be simulated in the same way. Another tri-functional
MMA was presented by Jain et al [32] in 2020.
To achieve single-/dual-/multiband MMA, the author
presents three different MMAs, namely T, split-I and
split-Jerusalem cross with different geometrical configurations and dimensions. Both Zetai et al [31] and
Jain et al [32] used three structures and achieved
tri-functional MMA. But in our work, a single patterned metallic structure achieved tri-functional MMA
(single (10 μm), dual (20 μm) and multiband [tri
(30 μm, 40 μm), penta (50 μm), hexa (60 μm,
70 μm), hepta (80 μm), nona (90 μm) and deca
(100 μm)] by changing the thickness of the substrate.
Compared to the previous types of MMAs, our proposed absorber has the following advantages: Firstly,
the structure of the MMA is a single patterned metallic structure, which presents a new design approach
to obtain single-/dual-/multiband absorption response
rather than using multiple resonators of different lengths
and multiple structures. Secondly, simultaneous realisation of single-/dual-/multiband absorption (or trifunctional absorption) can combine the respective advantages of single-band, dual-band and multiband MMA.
Therefore, this tri-functional MMA will find more applications than single-functional devices of single-band,
dual-band and multiband.
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Table 1. Design parameters of the MMA.
Parameters

Values (μm)

Ground plane height
Substrate height
Ground and substrate width
and length
Patch width and length
(W × L)
Etched M-shape width and
length (x × y)

0.185
(10 to 100)
(200 × 200)
(200 × 200)
(35 × 150)

2. Structure and design
The proposed MMA consists of two conductive metal
layers (copper) with a single substrate (polyimide)
between them, as shown in figure 1. In the top layer,
M-shape was etched from the square shaped metal resonator. The length and width of the ground, substrate
and top square shaped resonator is the same, 200 μm.
Thickness of the polyimide is varied from 10 to 100
μm. Depending on the thickness of the substrate (ts )
[34], we get narrow (10 μm), double (20 μm), triple
(30 μm), quad (50 μm) and hexa (100 μm) number of
resonating modes. The thickness of the proposed MMA
is 0.038λ at 1.14 THz for single band, 0.073λ and 0.099λ
for double bands at 1.1 and 1.48 THz respectively, where
λ corresponds to the operating resonant wavelength. For
tri-band MMA, the thicknesses are about 0.1λ, 0.13λ
and 0.14λ at 1, 1.37 and 1.46 THz respectively. Electric
response is achieved by the top copper layer by using
the incident plane wave. The bottom copper metallic
plane makes transmission wave as zero and it creates
the magnetic response. The antiparallel surface current
is excited at the top layer. The substrate is polyimide with
a dielectric constant of 3.5 and dielectric loss tangent
of 0.0027. Copper has an electric conductivity of σ =
5.8×107 S m−1 with 0.185 μm thickness [33,35]. The
final geometry parameters are demonstrated in table 1.
Angle between the middle arms and side arms is 50◦

Figure 1. Unit cell of the proposed terahertz MMA.
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Figure 2. Simulated curves of the proposed terahertz MMA for different thicknesses of the substrate.

which is measured by using finite integration technique
based CST Microwave Studio software.
For the boundary conditions, open space condition
is applied for the z-plane and the unit-cell condition
is applied at the x–y plane. The absorption rate is

calculated by using A =1−R(ω) − T (ω) formula. A,
R, T and ω represent the absorbance, reflectance, transmittance and angular frequency respectively. EM waves
cannot pass through the bottom metallic plane. This
gives the transmission coefficient value as zero. By
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Table 2. Resonant frequencies and number of bands with respect to the thickness of the substrate.
Thickness of the substrate (μm)

Resonant frequencies (THz)

Absorptivity (%)

Number of bands

10
20
30
50
100

1.14
1.03, 1.48
1.08, 1.37, 1.47
1.06, 1.21, 1.34, 1, 1.49
1.04, 1.17, 1.23, 1.35, 1.39, 1.44

90.6
98, 97
99.9, 76, 80
94, 95, 99, 96
78, 84, 83, 91, 90, 95

1
2
3
4
6

Figure 3. Absorbance characteristics of the proposed structure for (a) different polarisation angles and (b) different incident
angles under normal incidence condition.

Figure 4. (a) Electric field and (b) magnetic field distributions of single-band MMA (1.14 THz).

changing the dielectric thickness of the substrate (10–
100 μm), the impedance-free space can be designed to
match the impedance of the absorber at a particular frequency to make the reflection coefficient as zero and
increases the chance to get the absorption value as one.

Figure 5. (a), (b) Electric field and (c), (d) magnetic field
distributions of dual-band MMA (1.1 and 1.48 THz).

3. Results and discussions
The simulation of the proposed structure was carried out
using CST Microwave Studio software. The simulated
absorbance of the proposed THz single-/dual-/tri-band

MMA is shown in figures 2a–2c. The resonating modes
of quad (50 μm) and hexa (100 μm) band MMA
are shown in figures 2d and 2e. Resonance frequency,
dielectric thickness in terms of λ and number of bands
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Figure 6. (a)–(c) Electric field and (d)–(f) magnetic field distributions of terahertz triple-band MMA (1, 1.37 and 1.46 THz).

with respect to the thickness of the substrate varying
from 10 to 100 μm are shown in table 2. The narrowband absorber resonated at 1.14 THz with the absorption
rate of 90.6% and the double-band absorber resonated
at 1.1 and 1.48 THz with the absorption rate of 98 and
97% respectively. When the thickness of the substrate
was 30 μm, the absorber resonated at three frequencies
1, 1.37 and 1.46 THz with the absorption rate of 99.9, 76
and 80% respectively. Electric field, surface current distribution and magnetic field of the unit cell structure are
used to analyse peak absorption at different frequencies.
Polyimide-based absorber structure gives return loss
below −10 dB, and it is used to achieve near-unity
absorption. In practical applications, the MMA must
have constant absorption performance for distinct incident and polarisation angles. We numerically investigated the polarisation and the oblique incident angle
dependencies of the MMA. The simulated absorbance
of the proposed single-/dual-/tri-band MMA when the
oblique incident angle is varied from 0 to 90◦ is shown
in figure 3b. And also the variation of polarisation angle
from 0 to 90◦ in the whole frequency range (1–1.5 THz)
of interest is shown in figure 3a. Absorption and resonant
frequency of the structure did not vary while changing polarisation angle and incident angle. Therefore,
the proposed MMA exhibits an excellent polarisationindependent absorption. This is mainly due to the unit

Figure 7. Shift in frequency with respect to the refractive
index value of the analayte.

cell structure of the designed MMA. To get insight
into the underlying physical mechanism of the proposed
single-/dual-/tri-band terahertz MMA, the distributions
of the electric and magnetic field at different resonance
frequencies are shown. The electric and magnetic field
distributions of single-band MMA at 1.14 THz is shown
in figures 4a and 4b. Electric field is maximum at the top
and bottom of the MMA and the top resonating patch

Years

2020

2019

2019

2018

2015

2015

2020

2020

References

[23]

[24]

[25]

[26]

[27]

[31]

[32]

This Work

10 to 100

800

Gold, polyimide, gold, silicon
Gold, polyimide, gold
Copper, FR4, copper

(100 × 100)
(60 × 60)
(64000 ×
64000)
(12400 ×
12400)

Copper, FR4, Copper

(12000 ×
12000)
(200 × 200)
Copper, Polyimide, Copper

Copper, FR4, Copper

(10000 ×
10000)

Copper, FR4, Copper

Gold, silicon, gold

Materials used

(60 × 60)

Unit-cell
thickness
(μm)

Terahertz

Microwave

Microwave

Microwave

Microwave

Terahertz

Terahertz

Terahertz

Working
frequency

1

1

1

1

1

2

1

1

Number
of layers

3 individualstructures
1

3 individual
structures

3 individual
structures

4

3

5

1

Number of
resonators

Single/broadband
Single-/dualband
Dual/tripleband
Dual/tripleband
Single-/dual/triple
band
Single-/dual/triple
band
Single-/dual/multi-band
Single-/dual/multi-band

Absorption
functional
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800, 2000, 1500

35

2.6

2

5

15

ts (μm)

Table 3. Performance comparison with the previously reported single-/dual-/multi-band MMAs.
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layer has the maximum magnetic field distribution. Electric field distribution of the dual-band THz MMA at 1.1
and 1.48 THz frequency is represented in figures 5a and
5b. Both frequencies are identified at the top and bottom
side of the patch and side layers of the substrate. The
magnetic fields are high at the top metal layer for 1.37
and 1.48 THz frequencies which are shown in figures 5c
and 5d. Triple-band MMA is resonated at three different frequencies, 1, 1.37 and 1.46 THz. All these three
frequencies are due to the maximum electric and magnetic field distributions in the top metal layer which are
shown in figures 6a–6f. From the field distributions, it is
observed that the fields are concentrating along the patch
to produce dipole resonance. The sensing behaviour of
the structure is also studied by 10 μm spacer thickness
based MMA. There the extra layer is added over the
top patch with 1 μm thickness. When the analyte (over
layer) is placed over the top patch layer, the frequency
was shifted. Frequency was shifted due to the change in
refractive index of the analyte which is shown in figure
7. Hence, it is evident that the proposed THz MMA has
sensing characteristics. The comparison of single-/dual/multi-band absorber with the previously reported data
is shown in table 3.
4. Conclusion
In conclusion, we present a novel design of multifunctional terahertz MMA and the proposed structure
consists of copper as the ground plane and the polyimide
dielectric layer is placed between the ground panel and
the top radiating patch. Depending on the thickness of
the substrate, this MMA gives a narrow (10 μm), double (20 μm), triple (30 μm), quad (50 μm) and hexa
(100 μm) number of resonating modes. In order to analyse the physical mechanism of the proposed absorber,
we took 10, 20 and 30 μm-based MMA and their electric and magnetic field distributions are demonstrated.
The polarisation and angle insensitivity of the design
has been validated by numerical simulation up to 90◦
of oblique incidence. The effects of variation in geometrical parameters and the sensing habits have been
studied in the narrow band (10 μm) MMA structure. The
designed multi-functional absorber has the advantage
of using the same MMA to produce multiple (narrow,
double, triple, quad and hexa) band absorbers. Thus, our
design will have potential application in material detection and biological sensing.
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