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This study proposes a microstrip antenna with L slot that is optimized using parasitic patches. The
addition of parasitic elements aims at enhancing the bandwidth of the proposed antenna. Parasitic ele-
ments were added using two types of FR-4 substrate, which were stacked. The radiating element was
placed in the bottom layer, while the parasitic element was in the top. To produce optimal bandwidth,
three models were proposed with different forms of parasitic elements. The best results were shown by
model 1 with an impedance bandwidth of 1.3 GHz (2.17-3.47 GHz) or with impedance bandwidth of 52 %.
In addition, the proposed antenna design also produced circular polarization with an axial ratio of < 3 dB
and a maximum gain of 6.76 dB. The proposed antenna design can be recommended and suitable for use as

a receiving antenna in a wireless communication system.
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1. INTRODUCTION

Currently, wireless communication systems have
become one of the most superior technologies needed by
society. One of the supporting components of a wireless
communication system is an antenna. Antenna func-
tion is to radiate and receive electromagnetic waves
from radio transmitters and radio receivers [1]. Wire-
less communication systems transmit various frequen-
cies according to rules set by the FCC (Federal Com-
munications Commission) [2]. Some examples of fre-
quency allocation are: DCS applies to the frequency
band 1710-1885 MHz, PCS to the frequency band
1907.5-1912.5 MHz, UMTS to the frequency band 1920-
2170 MHz, WLAN 2.4 GHz to the frequency band 2400-
2483.5 MHz, and LTE at 2.3 GHz [3]. To its advantage,
a microstrip antenna has a compact design and can
function at different frequencies [4]. However, a mi-
crostrip antenna has several disadvantages such as a
narrow bandwidth and low gain [5]. Generally, the
bandwidth efficiency of a microstrip antenna is around
5 % and the gain is around 4 dB [6, 7]. Several methods
have been developed to solve their shortcomings. To
increase the bandwidth of a microstrip antenna, vari-
ous techniques have been applied, including the addi-
tion of parasitic elements [8, 9], coplanar waveguide
feed lines [10, 11], and slots to the radiating element
[12, 13]. A previous study conducted by [14] succeeded
in increasing the bandwidth of a microstrip antenna up
to 30 % by adding four slots to the radiating element at
a frequency of 5.2 GHz, while the use of CPW proposed
in the study [15] succeeded in increasing the bandwidth
up to 22.11 % at a frequency of 11 GHz. The addition of
parasitic elements conducted in [16] could increase the
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bandwidth of a microstrip antenna up to 6.52 % at a
frequency of 8.5 GHz. However, from several previous
studies presented, the proposed optimization technique
has not succeeded in increasing bandwidth significant-
ly. Furthermore, another limitation is the polarization
of the antenna which is still linear. This study proposes
a new design of an optimized microstrip antenna that
has L slot and stacked parasitic elements. The addition
of parasitic elements aims at increasing the bandwidth
of the proposed antenna. To optimize the antenna, the
design is developed into three types of models by
changing and modifying the shape of parasitic ele-
ments. This study aims at producing a new microstrip
antenna design that has a wide bandwidth compared to
the previous studies.

2. ANTENNA DESIGN

The proposed antenna design uses FR 4 epoxy with
a dielectric constant (&) of 4.3, thickness (k) of 1.6 mm,
and a dielectric loss (tana) of 0.0265.

Fig. 1 presents the design of a microstrip antenna
with the addition of L slot in the patch. Subsequently,
Fig. 2, Fig. 3, and Fig. 4 show the antenna development
by modifying the parasitic element. Model 1 can be
seen in Fig. 2 with parasitic elements with a rectangu-
lar shape.

On the other hand, Fig. 3 shows the modification of
the antenna’s parasitic element with a rectangular ring
as model 2, while the modification of the parasitic ele-
ment with a circular shape is shown in Fig. 4 as model 3.
Meanwhile, the dimension of the proposed antenna can
be observed and shown in Table 1. It should be noted
that the distance of each parasitic element (g) is 1 mm.
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Fig. 3 — Development of parasitic element model 2
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Fig. 4 — Development of parasitic element model 3

In this study, parasitic elements were added to the
top layer, while the radiating element was placed in the
bottom layer. The same type of substrates was used for
the top and bottom layers, and it was stacked without
the gap. Then, the SMA connector was connected to the
radiating element, and the ground plane was placed in
the bottom layer through the microstrip line. The ar-
rangement and configuration of each layer of the pro-
posed antenna can be seen in Fig. 5.
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Fig. 5 — Structure of the proposed antenna

Table 1 — Dimensions of the proposed antenna

Parameter | Dimension Parameter | Dimension
X 80 mm Xi 10 mm
Y 40 mm X 9 mm
w 40 mm X3 7 mm
L 30 mm X4 12 mm
Wz 3.1 mm X5 7 mm
Lz 32 mm Xs 7 mm
L1 26 mm X7 11.6 mm
L2 25 mm q 2.9 mm
Ws 3 mm R 1 mm
X 80 mm Xi 10 mm

3. RESULTS AND DISCUSSION
3.1 Simulation Results

The proposed antenna design was analyzed by sim-
ulating the process using electromagnetic simulation
software. The simulation results of model 1, model 2,
and model 3 can be observed in Fig. 6, Fig. 7, and
Fig. 8, respectively.
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Fig. 6 — Simulation results of S1: parameters

Fig. 6 shows the simulation results of Si1 for the
proposed antenna. The model 1 simulation results sug-
gest that the parameter S11 <— 10 dB was in the fre-
quency range of 2.17-3.47 GHz with an operating fre-
quency of 2.55 GHz. Further, it was shown that the
addition of rectangular ring parasitic elements in mod-
el 2 gave Si1 of — 14.61 dB in the frequency range 2.18-
2.71 GHz. Furthermore, model 3 that utilized circular
parasitic elements obtained S11 of 15.99 dB in the fre-
quency range 2.17-3.43 GHz. These results indicate
that model 1 provides more optimal bandwidth com-
pared to model 2 and model 3.
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The results also indicate that the bandwidth ob-
tained from model 1 was wider than from model 2 and
model 3. Moreover, Fig. 7 shows the simulation results
of the Axial Ratio (AR) of each model. It can be seen
that model 1 produced an axial ratio of 1.47 dB at
2.75 GHz, while model 2 produced an axial ratio of
1.28 dB at 3.55 GHz, and model 3 produced an axial
ratio of 1.77 dB at 2.4 GHz. The best axial ratio <3 dB
was obtained by model 1.
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Fig. 7 — Simulation results of the axial ratio

It was found that the optimal gain of the proposed
antenna was obtained by model 1 with 6.76 dB at
2.5 GHz, as shown in Fig. 8. On the other hand, model
2 produced 6.51 dB and model 3 produced 6.71 dB at
2.5 GHz. The overall comparison of the simulation
results for each of the development model can be seen
in Table 2. The best simulation results were obtained
by model 1, which implemented rectangular parasitic
elements, as presented in Table 2.
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Fig. 8 — Simulation results of the gain

Table 2 — Comparison of simulation results from iterations

Parameter
Model g BW AR Gain
Model 1 |-21.57dB| 1.30 GHz | 1.04 dB | 6.76 dB
Model 2 |—14.61 dB| 0.52 GHz | 1.28 dB | 6.51 dB
Model 3 |—15.99dB| 1.25 GHz | 1.29dB | 6.71 dB

3.2 Analysis of Simulation Result

Furthermore, the simulation results of the mi-
crostrip antenna design with L slot without parasitic
elements were compared with the designs that em-
ployed parasitic elements. A comparison of the simula-
tion results of the proposed antennas with and without
parasitic elements is presented in Fig. 9 and Fig. 10.

Fig. 9 shows the simulation results of the Si1 pa-
rameter of the proposed antenna before and after the
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addition of parasitic elements. Before adding the para-
sitic elements, the L slot microstrip antenna was a dual
band at 2.5 GHz (A) and 3.2 GHz (B) with a narrow
bandwidth. After adding the parasitic elements, the
bandwidth of the L slot microstrip antenna increased
up to 1.3 GHz (C) with a frequency range of 2.17 MHz-
3.47 GHz at an operating frequency of 2.55 GHz.
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Fig. 9 — Comparison of S11 and bandwidth
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Fig. 10 — Comparison of the axial ratio
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Fig. 11 — Comparison of gain

The addition of parasitic elements also affected the
axial ratio and gain of the proposed antenna. Fig. 10
shows the axial ratio obtained after the addition of
parasitic elements, which was better than before. Be-
fore the addition of parasitic elements, the antenna did
not have a circular polarization with an axial ratio of
>3 dB at 2.75 GHz. The gain of the antenna, which had
been optimized with parasitic elements, also increased,
as shown in Fig. 11. The optimal gain of the microstrip
antenna with parasitic elements was 6.6dB at
2.55 MHz, while the optimal gain of the antenna with-
out parasitic elements was only 6.1 dB at 2.55 GHz.

Table 3 shows that parasitic elements can increase
bandwidth from 0.2 to 1.3 GHz, or to 84.61 % compared
to the designs without parasitic elements. In addition,
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the gain of the proposed antenna also increased to
12.1 % after the addition of parasitic elements. Fur-
thermore, circular polarization with an axial ratio of
<3 dB was also obtained after optimization with the
addition of parasitic elements.

Fig. 12 shows that the addition of parasitic ele-
ments has an impact on the current distribution when
the antenna works at a frequency of 2.55 GHz. Parasit-
ic elements and the L slot antenna have a resonance, as
indicated by the red marker which is about 40 dB
(V/m). To show its novelty, the results of this study
were compared with several previous studies, as shown
in Table 4.

Table 4 shows that the proposed antenna has signif-
icantly increased the bandwidth up to 53 %. This result
is much better than some of the previous studies that
proposed increasing bandwidth in microstrip antennas.

4. CONCLUSIONS

This study describes and investigates new designs
of microstrip antennas with L slot and stack parasitic
elements. It was found that the addition of rectangular
parasitic elements increased bandwidth of the proposed
antenna to 84.61 % compared to the previous design.
Moreover, the bandwidth obtained from the proposed
antenna was 1.3 GHz or with a fractional bandwidth of
around 52 %. In addition, the gain of the proposed an-
tenna was 6.76 dB, while the axial ratio was 1.004 dB
at 2.55 GHz. The results indicate that the addition of
parasitic elements has succeeded in increasing the
bandwidth and generating circular polarization of the
proposed antenna.
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Table 4 — Comparison of simulation results from iterations

Ref Parameter
) Gain BW AR Frequency

[14] NA 30 % NA 5.2 GHz

[15] 7.50dB | 22.11% NA 11 GHz

[16] 5.62dB | 6.52% NA 8.5 GHz

[17] 6.64 dB 21 % NA 3.6 GHz
This paper| 6.76 dB 53 % 1.04 dB 2.55 GHz
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'

¥ po6oTi 3aIIPOIIOHOBAHO MIKPOCMYYKKOBY aHTEHY 3 L-CJI0TOM, ONTUMI30BAHY 34 JOIOMOTOI0 ITapA3UTHUAX
enemeHTIB. JloaBaHHsa mapasuTHUX eJIEMEHTIB CIPSIMOBAHe Ha PO3MIAPEHHS CMYTH MIPOILYCKAHHS 3aIPOIIO-
moBaHol aHTenu. [lapasuTHi esleMeHTH q0aBaCA 3 BUKOPUCTAHHAM JBOX TUMIB mimkaanku FR-4, ski Oy-
JI CKJIAJIEH] B CTOIMKY. BHUIIPOMIHIOBAJIIFHUM €JIEMEHT PO3TAIIOBYBABCA B HIKHBOMY IIapi, 4 MapasuTHUAN —
y BepxHbOMY. J[JIs OTpUMaHHSA ONTHMAJIBHOI IIPOIIyCKHOI 3aTHOCTL 0yJIO 3aIIPOIIOHOBAHO TPU MOJEJIl 3 pis-
HAMHU (POPMAMU ITAPA3UTHHUX eseMeHTiB. Halkpari pe3yabraTi mokasasia MoJesib 1 3 iIMIeJaHCHO CMYTO0
nponyckauus 1,3 'l (2,17-3,47 I'T) a6o 52 %. Kpim Toro, 3ampormoHoBaHA KOHCTPYKIS aHTEHU TAKOMXK
CTBOPIOBAJIA KPYTOBY IIOJIPHU3AIN0 3 OCHOBHM CIIBBITHOIIEHHAM < 3 1B 1 MakCHUMaJIbHUM ITJICHICHHAM
6,76 nB. BanporoHoBaHA KOHCTPYKIIISI AHTEHU MOKe OyTH PEeKOMEHJIOBAHA 1 HpHIaTHA JJIsi BUKOPUCTAHHS
SIK IPUMAMAJIbHA AHTEHA B CUCTeMI 0e37JpOTOBOIO 3B'SI3KY.

Kmiouosi cimora: Mikpocmyskkosuit, Crnameni B cronky, IIpomyckHa smatHicTs, IlapasurHi ememenTH,
Besnporosuii 38's130K.
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