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The proposed antenna contains a rectangular patch with semicircular slots on four corners to it for
achieving a broader bandwidth. The bending analysis is done for the proposed antenna to show the anten-
na performance irrespective of any bending angle. A broad bandwidth can be achieved by introducing sem-
icircular slots for each of its four sides. The prescribed antenna is designed on polyimide substrate, which
had a permittivity of 3.5 and loss tangent of 0.0027. The copper material thickness contains 0.035 mm. The
proposed antenna contains an overall size of 15 x 13 x 0.2 mm3. The simulated results confirm that the
proposed antenna possesses peak resonant frequency at 8.2 GHz and operates from 5.6 to 9.6 GHz with a
bandwidth of 4 GHz. In addition to having a bandwidth of 4 GHz, the suggested design also had an S11
value of —27 dB and a VSWR value of 1.09 at the resonance frequency. Up to a bending angle of 30 de-
grees, the proposed antenna is achieving same response with a minor difference. Additionally, the pro-
posed antenna consists of a gain of 7.6 dBi, and it has a radiation efficiency of 96 %. Analysis of the field
and current distributions is presented in this article to show the effectiveness of the proposed antenna.
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1. INTRODUCTION

For high-frequency applications like radars and
satellite communications, these patch antennas work
best in the X and C band applications. Monopole patch
antennas are crucial to wireless communication sys-
tems because of their ease of integration, versatility,
and simplicity. In numerous microwave frequency ap-
plications, compact wideband monopole antennas are
now essential due to the growing demand for quicker
data transfers and stronger connectivity. The most
straightforward manufacturing method that yields
good outcomes is the microstrip feedline approach. It is
challenging to integrate this antenna with MMIC tech-
nology chips due to its distinct radiating patch and
ground plane. There is also the option of using a CPW
feed. Since the ground and radiating patch of the CPW
feed are on the same plane, it is perfect for integration
with MMIC circuits. The design of wearable and flexi-
ble antennas gets much more sophisticated when con-
sidering satellite communication systems. These an-
tennas provide outstanding performance and adapt to
body movements while integrating flawlessly with
peripheral technology. Their innovative design tech-
niques and use of flexible materials allow them to con-
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tinue sending and receiving signals effectively even
when bent or stretched. Radar and satellite communi-
cation applications require this flexibility.

Microstrip antennas are compatible with a broad
variety of electrical equipment, are small in height and
breadth, and are commonly employed in GHz frequency
applications because of these qualities. A conducting
patch and a ground plane are located on opposite sides
of a dielectric substrate in a microstrip antenna. It is
another common practice to feed the conducting patch
using a coaxial wire [1] or microstrip line [2]. The
patch's size determines the microstrip antenna's oper-
ating frequency [3]. When the patch size is smaller, the
operating frequency is greater; when the patch size is
larger, the operating frequency is lower. In GHz fre-
quency applications, slot antennas are an additional
kind of MIMO antenna. Slot antennas are made of a
metal plate with a thin aperture or slot in the middle.
Typically, a coaxial wire or a microstrip line is used to
excite the slot. Slot antennas have a broad bandwidth
and are simple to construct [4]. Higher frequencies
cause electromagnetic waves to have shorter wave-
lengths, hence in order to get the necessary perfor-
mance, antenna size must be proportionately de-
creased. This can be difficult because smaller antennas
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often have less gain and efficiency than bigger anten-
nas. Therefore, antennas need to be designed to max-
imize efficiency, gain, and size trade-offs [5]. Antennas
should generally radiate in a way that minimizes inter-
ference between the various antenna elements and
maximizes signal strength. The antenna elements must
be carefully designed and positioned within the array
in order to achieve this [6]. To optimize signal strength
in the intended direction while reducing interference
with other antennas, directional antennas with a small
beamwidth are a popular method [7]. There are several
different types of antennas for GHz applications, such
as patch antennas [8] and dipole antennas [9]. A slot-
modified antenna design is described by Som Pal
Gangwar et al. [10] for dual-band wireless applications.
Using three distinct kinds of slots, [11] developed a
compact, switchable, hexagonal-shaped monopole an-
tenna measuring 36 x 36 x 1.6 mm? that can operate in
both multiband and ultra-wideband frequencies. The
researchers from [12-14] use reconfigurable antennas,
and these structures offer good performance for mul-
tifrequency operations. A monopole antenna with a
flexible rectangular shape is suggested in this paper. It
uses a CPW feeding structure. Flexible antennas work
well with the CPW feeding structure since they are
thinner and more bendable. It has benefits for imped-
ance matching as well. To improve bandwidth and
return loss, semicircular slots are incorporated into the
inner rectangular patch.

2. DESIGN METHODOLOGY

Figure 1 illustrates the proposed design, which
comprises of a rectangular patch with a semicircular
slot type antenna. The middle polyimide layer in the
conventional design measures 15 x 13 x 0.2 mm3. It
makes use of a radiating patch composed of copper that
has a volume of 12 x 11 x 0.035 mm3. Figure 1 shows
the dimensions (mm) of the suggested structure.
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Fig. 1 - The proposed antenna's front view

The CST tool is used to tackle electromagnetic prob-
lems that require precise and fast simulation results.
The main benefit of this tool is that it has simple needs
for resources to scale linearly with relation to the num-
ber of nodes in the mesh. This makes controlling mas-
sive radiating structures easy and effective.

2.1 Step by Step design Approach

The approaches that were taken into account for
constructing the suggested antenna are shown in Fig-
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ures 2 (a-d). Rectangular radiating patches are used in
the fundamental design, as shown in Figure 2(a). The
second step of the design process entails adding a second
rectangular patch inside the first patch as depicted in
Figure 2(b). The third stage involves adding a
semicircular slit on four sides of the inner rectangular
patch, as illustrated in Figure 2(c). In the fourth and
final step, a rectangle patch is inserted to join the inner
and outer rectangular patches, as illustrated in Figure
2(d). The proposed design's return loss plot for various
construction elements is shown in Figure 3. The
maximum return loss occurs in the final step.

(@ (b)
(© (d)

Fig. 2 — Construction of the suggested antenna using various
design stages (a) Step-1 (b) Step-2 (c) Step-3 (d) Step-4
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Fig. 3 - The prescribed design S11(dB) vs frequency plot for
various iteration steps

3. BENDING ANALYSIS

The antenna's S-parameter changed when it was
bent. The S-parameter modified slightly as a result of
being measured in accordance with the intended an-
tenna's degree of horizontal bending. It is evident that
the suggested antenna works well as a flexible anten-
na. This is because, in contrast to a flat antenna, the
resonant frequency and bandwidth do not vary much
depending on the amount or direction of bending. Fig-
ure 4(a-b) illustrates the 15° and 30° horizontal bend-
ing of the specified structure. Figure 5 shows the rela-
tive return loss response at different bending angles.
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Fig. 4 — Proposed design horizontal bending of (a) 15° and (b)

30°

-10

-15 4

S44(dB)

-20 A ¥ v e
~ = = with 0° bending
254 ...~ == with 15° bending
- with 30° bending

-30 T T T T T
4 5 6 7 8 9 10
Frequency(GHz)

Fig. 5 - Obtained Su1 plot for various bending angles in
horizontal direction

4. RESULTS AND DISCUSSIONS

The antenna was designed using the process depict-
ed in Figure 2, and Figure 3 displays the antenna's S-
parameter based on each approach. A CPW feeding
technique was used to develop the antenna using a rec-
tangular patch monopole, as seen in Figure 2(a). There
is no resonance with this rectangular patch. An addi-
tional rectangular patch is added inside the patch with
semicircular slots, as illustrated in Figure 2(c), to in-
crease the performance of an antenna. Consequently, the
antenna has a bandwidth of about 2GHz and a reso-
nance frequency of 7 GHz with a return loss of -15 dB. A
small rectangular patch with 0.5 mm thick, is placed
between the inner and outer rectangular patches to
increase bandwidth and return loss. The proposed an-
tenna resonates at 8.2 GHz from 5.6 to 9.6 GHz with an
improved return loss of — 27 dB as shown in Figure 6.

0

S4

-10

-15 4

$11(dB)

-20

-25 4

-30 T T T T T
4 5 6 7 8 9 10
Frequency(GHz)

Fig. 6 — Obtained S11 plot for the proposed antenna
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Figure 7 shows the VSWR of the prescribed design.
The VSWR values are below 2 across the whole opera-
tional bands' resonance frequency, as this Figure 7
illustrates. In order to efficiently couple electromagnet-
ic (EM) energy into the proposed antenna, the feed
length is tuned and a thorough examination of the
microstrip feed with a rectangular patch is carried out.
The VSWR value at resonance is 1.09, as shown in
Figure 7. This indicates that during resonance, the
suggested antenna has the least amount of reflection.

VSWR

Frequency(GHz)
Fig. 7 - VSWR Plot for the proposed antenna

Figure 8 illustrates the high radiation efficiency
(Red colour line) of 96 % at resonance and the excellent
peak gain (Black colour line) of 7.6 dBi at resonance
produced by the suggested design operating at 8.2 GHz.
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Fig. 8 - Peak gain and Radiation efficiency plot

4.1 Various Distributions and Analysis

Figure 9(a) shows that in the vertical direction of
the antenna, the electric field intensity is lowest at
7 GHz and 9 GHz at the outside rectangular radiating
patch. The upper and lower sides of the outside rectan-
gular patch, as well as the left and right sides of the
feed point, exhibit a greater electric field at 8.2 GHz, as
illustrated in Figure 9(b). A minimum magnetic field
can be seen in Figure 10(a) surrounding the feeding
point and on the patch's lower side. This field extends
horizontally along the antenna at 7 GHz. Figure 10(b)
shows that at 8.2 GHz, the magnetic field is stronger
than at 7 and 9 GHz. As a result, the magnetic and
electric fields propagate in opposite directions. The feed
line exhibits the highest current distribution when
operating at 8.2 GHz, as shown in Figure 11(a-c). Com-
pared to 8.2 GHz, the radiating patch's upper side ex-
hibits the lowest current distribution at 7 and 9 GHz.
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Fig. 11 - Surface Current Distribution at (a) 7 GHz
(b) 8.2 GHz (c) 9 GHz
4.2 Performance Comparison with Other

Reported Works

Table 1 presents a comparison between the perfor-
mance of the proposed antenna and the literature. The
suggested rectangular semicircular-slot patch antenna
maintains a small dimension while providing excellent
gain and radiation efficiency.
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Table 1 - Comparison with recent research findings
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5. CONCLUSIONS

In this paper, we suggested a flexible, miniature
broadband antenna that can be applied to various band
applications. The suggested antenna has a rectangular
patch with a semicircular slot that is based on a mono-
pole. This allows it to resonate in a larger band. The
antenna operates at 8.2 GHz with a return loss of
— 27 dB and has a bandwidth of 4 GHz (5.6 to 9.6 GHz).
The antenna's substrate is made of polyimide with
0.2 mm thick, to allow for enough bending. The pro-
posed structure achieves a VSWR of 1.09, radiation
efficiency of 96 %, and maximum peak gain of 7.6 dBi.
In addition, The S-parameter was measured in accord-
ance with the antenna's bending degree and bending
direction in order to examine the bending properties of
the device. The antenna's ability to resonate identically
when bent and flatened verified that it was appropriate
for use as a flexible antenna. The overall size of the
antenna is 15 x 13 x 0.235 mm?3. The proposed antenna
can be used for C- and X-band applications.
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3anpornoHoBaHa aHTeHA MICTHUTH MIPSAMOKYTHY ILIACTUHY 3 HAIIBKPYIJIMMHA IIPOPI3aMU HA YOTHPHOX KY-
Tax JJIsi JOCATHEHHs IIHPIIOl CMYTH IIPOILYyCKAHHS. AHAJI3 BUTMHY [IPOBEIEHO JJIs 3aIIPOIIOHOBAHOI AHTEHU,
1106 1mokasaTy il XapaKTePUCTUKY He3aJIesKHO BiJ Kyra BuruHy. [Ilmpokol cMyry mpoIryCKaHHs MOMKHA J0CS-
I'TH, BBIBIIIM HAIIBKPYIJIl IPOPI3W HA KOSKHIN 3 YOTUPHOX 11 CTOPiH. 3amporoHoBaHa aHTeHA PO3pobJieHa Ha
TOJHIMITHIN TAKIAAIN 3 TIeJIeKTPUYHOI0 MPOHUKHICTIO 3,5 Ta TaHreHcoMm kyta Brpat 0,0027. ToBmmwmma mis-
Horo Martepiany cranosuth 0,035 Mm. 3arasbHUN po3Mip 3aIIPOIIOHOBAHOI aHTeHH cTaHOBUTH (15 x 13 x 0,2)
mm?. Pesgynpratu MogesoBaHHS IIATBEPKYIOTH, 10 3aIIPOIIOHOBAHA aHTEHA Mae IIIKOBY Pe30HAHCHY dac-
tory Ha vacrori 8,2 I'T'i; ta mparoe Bixg 5,6 1o 9,6 I'T'1 31 emyroto mponyckanssa 4 I'Ta. Oxpim emyru mporryc-
ranua 4 [T, sanponoHoBaHa KOHCTPYKINSA Tako:k Masa sHadeHHs S11 — 27 nb ra snavenns KCXH 1,09 na
pesonHancHi# gacToti. Jlo kyra BurmHy 30 rpajyciB 3alIpOIOHOBAHA aHTEHA JOCATAE TAKOI 3K XapaKTePUCTH-
K1 3 He3HauHow piguunen. Kpim Toro, 3ampornoHoBaHa anTeHa Mae KoedimieHnT mincuienss 7,6 nbi Ta ede-
KTHUBHICTH BUIPOMIHIOBAHHS 96 %. ¥ I1i#f CTATTI IPeJCcTaBJIeHO aHAJI3 PO3MOILILY IOJISI T4 CTPYMY, 1100 IIo-
Kas3aTy e(PeKTUBHICTH 3aIIPOIIOHOBAHOI AHTEHH.

Kmiouosi cmosa: Ilpomyckma smatmicts, IllupoxocmyroBuit 3B’si30k, S-mapamerp, Brpara 3BOpOTHOrO
3B’a3Ky, VSWR.
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