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A novel five band polarization independent terahertz metamaterial absorber is proposed. Three small equilateral triangle-
shapes are etched from a star-shaped metallic structure in which the pattern was placed on the top of the absorber
structure and the metallic ground plane was separated from the polyimide dielectric substrate. The proposed absorber was
a resonance at five different frequencies for the absorptivity of 98.7% at 0.3288 THz, 96% at 0.4068 THz, 97% at 0.4228
THz, 99% at 0.4472 THz, and 92% at 0.462 THz. The physical properties of the structure were analyzed by an electric field,
magnetic field and surface current distribution mechanisms. This can be used the material sensing, optoelectronics,

terahertz imaging.
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1. Introduction

Electromagnetic metamaterials have unigque properties
which are artificially produced [1] for different purposes
from microwave [2], optical [3-6], and infrared [7] also in
terahertz [8-10] frequencies. A single band absorbance of
microwave metamaterial was first designed in 2008 by
Landy et.al [11] with absorptivity of 88%. Then different
kinds of devices such as switches [12], transparent
absorbers [10], polarization conversions [13-15], filters
[16], split ring resonators [17], modulators, sensor [18] etc.
based absorbers have been designed by many researchers.
The study of a higher absorption in natural materials is
very difficult to find but the terahertz artificial absorbers
provide the chance to increase the absorption rate. The
terahertz system mostly prefer the multiband absorbers.
But, initially, single band absorbers have demonstrated
their unsuitability for some practical applications [19] but,
the multiband absorbers used in martial detecting, increase
the imaging resolution also in frequency selective
detection etc. [20]. Achievement of the multiband
absorber, requires designing multiple resonators in the
single unit cell and multilayer stacked structures. But
unfortunately, both have some disadvantages. The first
method provides the disarrangements area consumption
and the second method has problems in fabrication [21].
Moreover, many dual bands, quad-band and also five band
absorbers have also demonstrated the multiband absorbers
further developed by metal-dielectric layer-metal
sandwiched structure [22-23].

In this paper, a novel five band polarization
independent terahertz absorber has been designed. It is
based on a star-shaped absorber structure from three
equilateral triangles etched for improving the resonance
which is placed on the top of the absorber and the ground
plane is separated from the dielectric layer. The optical
properties of the structure were obtained using analysing

resonance and absorption strength levels and the physical
mechanisms of the absorber structure is analysed by
surface current distribution, electric and magnetic field
distribution. The absorber resonance was at 0.3288THz,
0.4068THz, 0.4228THz, 0.4472THz and 0.462THz
frequencies with the absorptivity of 98.7%, 96%, 97%,
99% and 92% respectively.

2. Structure and design

The proposed terahertz metamaterial absorber,
consisted of a single star-shaped absorber from three
equilateral triangles etched and placed on the top metal
layer. A ground plane was at the bottom metal layer
separated by a polyimide dielectric substrate. This is
shown in Fig. 1. The electromagnetic characteristics,
resonance and absorption mechanisms can be
characterized by using a CST Microwave studio software
which is based on the Finite difference time domain
method.
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Fig. 1. Proposed terahertz metamaterial absorber
structure (Three small equilateral triangle-shapes are
etched from the star-shaped absorber L=346 um,
L1=115pum)
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Actually, the authors did a different analysis in the
initial unit cell. The analysis helped fixing the final
structure as shown in table 1. To start with, the authors
took a star shaped only and obtained three bands at 0.4068
THz, 0.4228 THz and 0.4472THz frequencies with the
absorption rates of 98%, 99.6% and 99.5% respectively. In
order to improve the absorption, three equilateral triangles
were etched out from the star-shaped absorber structure.
Fig.1. Table 1.clearly shows the improving stages of the
proposed absorber. The geometrical values of the proposed
structure are given as follows: L=346 pm, L;=115um. L is
the length of each side of a big triangle and L is the length
of each side of a small triangle which implies all were
equilateral triangles. The length and the width of the
polyimide substrate were 400um and the thickness was
500 um. The periodicity size of the proposed terahertz
metamaterial absorber structure was 115 um. EM wave
was the source of excitation and the boundary conditions
for the unit cell was applied towards the x and y directions.
The open boundary condition was applied to the z-axis
direction [24-27]. The absorption rate for this was
calculated using the formula, A (®) =1-T (®)-R (), A, T,
R represent absorbance, transmittance, and reflectance of
the proposed absorber. The skin depth value was high
compared to a bottom plane thickness. Hence the
transmittance value was zero. The absorbance value could
be calculated using the equation A () =1- R (®). When
the impedance value was perfectly matched to the outer
space, the reflectance value was approximately zero.

3. Results and discussions

The absorption curves of the proposed terahertz
metamaterial absorber are shown in Fig. 2 (a), which helps
identification of the five bands and their corresponding
absorptivity. Absorber is a resonance seen at each of five
different frequencies at 0.3288THz, 0.4068 THz, 0.4228
THz, 0.4472THz and 0.462 THz frequencies with the
absorptivity of 98.7%, 96%, and 97%, 99%, and 92%
respectively. Also, variations were made in three etched
triangles lengths to improve the absorption rate. Maximum
absorption occurred at the length of the small triangle 115
pm whose absorptivity is shown in Fig. 3 (a) also the
corresponding values are shown in Table 1.

Table 1. Absorptivity corresponding to Length of the
each etched Small triangles

Length of Absorptivity Number of
the each bands
etched
Small
triangles
Without 98%,99.6%,99.5% 3
Triangles
81um 98.8%,99.7%,99.6% 3
92um 99.8%,99.6%,99.5% 3
104pm 97.5%,98%,99.6% 3
115pum 98.7%,96%,97%,99% 5
,92%
127pum 98.5%,92%,92%,98.6% 5
,89%

Using these results, the authors identified a frequency
selectivity of the multiband absorber arising from a narrow
bandwidth. Coupling of the magnetic and electric
resonances provided a high absorption structure.

It also required the provision of polarization
insensitive to the incident light. Analysis of polarization
independent behavior was done from changing different
theta values of the proposed absorber. Resonance occured
in the same frequencies for different polarization angles.
Hence the absorber in a polarization was insensitive by
nature.

1.0 T T T
it
. F
0.8 1 H ) S
- . [ - -
: e A
H o=
2 0.6 = S L
E : ol H
& I
B
= o
£ 0.4 : oo 1
2 : oo
- H R
: ILF
N wssasesty - .
0.35 0.40 0.45
Frequency(THz)

Fig. 2. Simulated absorption curves of the five-band
absorber

This is shown in Fig. 3 (b). Also in the 90° angles of
incidence provides a resonance in the same frequencies.
This is shown in Fig. 4.The electromagnetic
characteristics of the absorber were demonstrated by
surface current distribution and electric and magnetic field
distribution analysis. The electric and magnetic field
distributions for five different frequencies were analyzed
using CST Microwave studio software. This is shown in
Figs. 4 and 5. The maximum electric field occured at the
edges of the star patterned metallic absorber structure. The
dielectric layer mostly had a high current distribution. The
frequencies of 0.4068 THz and 0.4472THz maximum
electric field distribution were seen at the dielectric layer
and inside the star-shaped structure. Also, this structure
was magnetically resonated compared to electrical nature.
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Fig. 3. (@) Dependence of the absorption on the L1 change; (b) Dependence of the absorption on the different polarization
angles
1.0 . . T T Fig. 5 shows the magnetic field distribution for all the
i P five frequencies. For frequency of 0.3288THz the
0.8 : . magnetic response was maximum that occurred at the
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0.2 1 H 5 : a2 . . . .
: i small triangles and the dielectric layer. Finally, the
I A magnetic field distribution was high compared to other
030 0.35 0.40 0.45 0.50 modes and occurred at the dielectric layer and inside the
Frequency(THz) star-shaped absorber completely.

Fig. 4.Dependence of the absorption of 90°
polarization angle

(@)

(b)

(©)

Ingarthmic »
1062
isi]
£
512
i
2%
ki
15
103
B14
]

(e) 0

(d)

Fig. 4.Electric field distribution for all the frequencies (a) 0.3288THz, (b) 0.4068 THz, (c) 0.4228 THz, (d) 0.4472THz and (e)

0.462 THz
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Fig.5. Magnetic field distribution for all the frequencies (a) 0.3288THz, (b) 0.4068 THz, (c) 0.4228 THz, (d) 0.4472THz and (e)
0.462 THz
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Fig. 6. Surface current distribution for all the frequencies: (a) 0.3288THz, (b) 0.4068 THz, (c) 0.4228 THz, (d) 0.4472THz
and (e) 0.462 THz

Magnetic field distribution was high compared to the
electric field distribution.

The absorption is understood by surface current
distribution mechanisms. Fig. 6 shows the surface current
distribution plots for all the five frequencies. For the
frequency of 0.3288 THz the small current distribution
was in three etched triangle edges. The right side edge of
the star-shaped absorber and the frequency of 0.4068THz
were identified at the top and bottom edges of a star-
shaped absorber.

The frequency of 0.4228THz was identified at the left
and right edges of the star-shaped absorber. The frequency
of 0.4472THz occurred at the right side of small triangle
edges and also at right side edge of the star-shaped
absorber. Finally, the fifth frequency of 0.462THz
provided the current distribution in an inner and right side
of the metallic absorber.

4. Conclusion

In conclusion, the authors have designed a novel five
band metamaterial absorber in the terahertz regime. Apart
from the simple shape, the five band structure provides the
chance to reduce the number of stacked layers. The
absorber resonated at 0.3288THz, 0.4068 THz, 0.4228
THz, 0.4472THz and 0.462 THz frequencies had the
absorptivity of 98.7%, 96%, 97%, 99%, and 92%
respectively and the understanding of the absorber was
done by an electric field, magnetic field and surface
current distribution. Those proposed terahertz absorbers
and optical properties found applications in detection,
selective thermal emitters, sensing, and imaging.
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