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ABSTRACT ARTICLE INFO

The development of antenna technology is increasingly developing in Article history:
medical sensor applications. The medical sensor antenna can be
strengthened with a split ring resonator (SRR) metamaterial structure.
Metamaterial is an artificial material that has high resonance
manufacturing properties and this can potentially be implemented into
microstrip antenna structures. This research aims to design, simulate Keywords:
and analyze the characteristics of metamaterials regarding the frequency
function and performance of an antenna combination of 1 - 4
metamaterials with a triangular SRR ring radius of 3.5 mm. The results
of this research show that the metamaterial characteristics of
permittivity, permeability and refractive index are negative.
Furthermore, in the antenna application, the implementation of a 4 SRR
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triangular metamaterial combination structure has more optimal This is an open access
performance. The results show that antenna performance parameters article under the CC BY
produce return loss is -41.18 dB, the bandwidth is 3.86 GHz and gain is license.

3.82 dBi with an omnidirectional radiation pattern. @ @
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1. INTRODUCTION

Metamaterials are engineered materials with properties not found in natural materials. Their
existence is important in the development and application of this modern technology. In addition, its
characteristics which have high sensitivity and amplification have the potential to be applied in
antenna technology. Based on the results of previous studies, the antenna structure combined with
metamaterials has increased performance compared to antennas without metamaterials [1-3].
Metamaterials are artificial materials that do not exist in nature and have negative permittivity and
permeability [4, 5].

The ongoing development of technology and the application of antennas to microwave
systems have been widely used for application in medical or health imaging. Antenna technology has a
relatively low manufacturing cost and can be used to detect diseases in the body without significant
limitations because it works in the microwave frequency range and is relatively safe to use even with
certain limitations [6, 7]. Several medical imaging on antennas that work in ultra-wideband (UWB)
frequencies have been carried out to detect cancer and tumors in the body [8]. As in previous studies,
the antenna was designed as a brain cancer detector that has been studied by Khairani et al. (2023) [9].

The use of microstrip antennas is still the choice applied in many applications due to its low
cost, high efficiency, simplicity of manufacture and easy integration into circuits [10, 11]. This
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antenna also has disadvantages such as narrow bandwidth. This is a serious problem faced by
microstrip antennas because it is very difficult to use microstrip antennas as radar antennas that require
wide bandwidth. Therefore, this deficiency is what drives a lot of research to be done to increase the
bandwidth of microstrip antennas [12-14].

The use of metamaterials in antenna design can not only reduce the size of the antenna
significantly, but also improve other antenna parameters, such as obtaining multi-band antennas,
increasing bandwidth, increasing efficiency, and increasing gain [15, 16].

Antennas are defined as devices usually made of metal (such as rods or wires) to transmit or
receive radio waves [17, 18]. Antenna quality is determined by several simulation parameters from S-
parameters (scattering) such as return loss, voltage standing wave ratio (VSWR), bandwidth, gain, and
directivity [19, 20]. The structure of the commonly used metamaterial type is the split ring resonator
(SRR). In medical applications, SRR can be used to improve resolution and accuracy in diagnostic
imaging, such as MRI. Metamaterials with SRR can help focus and amplify signals, producing clearer
and more detailed images [21-24]. Computer simulation technology (CST) Studio Suite is software
used to simulate electromagnetic components, devices, and systems. This device is widely used in
research and development in various fields such as telecommunications and medicine [25] and
processing of simulation data is carried out using MATLAB software. The use of metamaterials in
currently known antenna applications has been widely applied with various types of structures such as
square, circular, rod, and other SRR structures. Therefore, in this study, a 1 x 4 SRR combination
triangular structure metamaterial will be used to obtain a new breakthrough in improving the
performance of antenna parameters and is expected to have potential use in medical applications.

2. RESEARCH METHODS

2.1. Metamaterial Structure Design

This research was conducted by simulation, namely by designing a triangular metamaterial
structure design and analyzing its characteristics as an antenna application, especially for medical
applications. The results of this simulation aim to provide relative permittivity (e;), relative
permeability (K1), and refractive index (n) on the metamaterial while the antenna results are focused on
the return loss, VSWR and gain values. The SRR structure and microstrip antenna in this study use
copper material as a metal inclusion or patch in the antenna application and the substrate material used
is FR-4 (loss free). The size and design of the triangular SRR structure metamaterial can be seen in
Table 1 and Figure 1.

Table 1. Size of the triangular SRR metamaterial structure.

Symbol  Size (mm)

Ts 16
Tr 0.035
o 0.50
C, 0.50
L 7.4

W 2.14

Figure 1. Triangular SRR metamaterial structure.

2.2. Antenna Structure Design
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The design and simulation of the antenna with a metamaterial structure were carried out with
the help of CST software to obtain antenna parameters. The antenna structure design can be seen in
Figure 2.
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Figure 2. MTM SRR-H antenna structure: (a) front and (b) back.

The size of the metamaterial antenna structure can be seen in Table 2. The materials used
consist of copper (patch and ground) and FR4 (substrate).

Table 2. Size of the triangular SRR antenna structure.

Parameter Dimension (mm) Parameter Dimension (mm)

C, 1 W, 2.14
L, 333 Ws 0.9

Ls 14.54 G, 29.6
Ly 11.11 G, 7.4

Ls 1 Gs 5.43
W, 29.6 Gy 3.94
W3 29.6 T, 0.035

3. RESULTS AND DISCUSSIONS

3.1. Characteristics of Metamaterial Structures

The effect of the combination of 1 — 4 SRR metamaterial cells on metamaterial parameters
produces &, u;, and n with negative values, which can be seen in Figures 3 and 4. The combination of
4 triangular SRR metamaterial structures produces &, L, and n with greater negative values at the first
resonance frequency compared to the combination of 1 — 3 SRR-H metamaterials. This occurs because
the addition of dielectric medium material causes the ability to polarize electrons by the resulting E
and B field moments to become smaller. So that the effect on changes in relative permittivity and
permeability of the material becomes greater.

Simulation and analysis of triangular structure metamaterial ... (Amalia et al.)
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Figure 3. (a) Graph of g and (b) u, metamaterial structures of the combination of 1 — 4 SRR.
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Figure 4. Graph of refractive index (n) of metamaterials 1 — 4 SRR-H.

The maximum negative value of refractive index n is -4.78 at a frequency of 2.21 GHz. The
frequency shift is increasingly down towards low frequencies with the addition of the SRR

metamaterial structure combination is shown in Figure 4.

3.2. SRR Metamaterial Combination Antenna

The characteristics of metamaterial parameters have been carried out and then the
metamaterial structure combination of 1 — 4 triangular SRRs will be applied in the form of an antenna

for medical applications. Antenna parameter are in the form of return loss, VSWR, and gain.
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Figure 5. (a) return loss and (b) VSWR of the 1 — 4 SRR combination antenna with a radius of 3.5 mm.
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Based on the simulation results, the addition of metamaterial cells affects the RL value. The
lower the RL value indicates that the power received by the antenna is greater and makes the antenna
work more optimally. In this study, the best RL value is found in the combination of 1 triangular SRR
metamaterial with a value of -46.72 dB. This causes the VSWR frequency range and BW width to be
larger. This is proven by previous studies that the use of metamaterials in antennas can improve
antenna parameters and also reduce the size of the antenna dimensions to be smaller and cheaper.
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Figure 6. Gain graph of combination of 1 — 4 triangular SRR cells.

Changes in gain on metamaterial antennas with variations of combinations of 1 — 4 triangular
SRRs and a fixed radius of 3.5 mm can be seen in Figure 6. The graph clearly shows that the
metamaterial structure affects the performance of the antenna. The resonance frequency of the antenna
appears to be the same at the point of occurrence. However, after that, the movement of the gain graph
of each antenna becomes different. This is due to the interaction caused by the metamaterial structure
with the combination of triangular SRRs applied to the antenna when electric current or power has
entered and flowed into the attached material structure.

4. CONCLUSION

In the combination antenna 1 — 4 SRR triangle according to the specifications of the medical
sensor field antenna application. Good antenna results are obtained on a triangular structure antenna
with a return loss of -41.18 dB, a working frequency of 3.53 — 7.39 GHz, a bandwidth of 3.86 GHz
and a gain of 3.82 dBi which can be applied to the medical sensor field antenna.
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