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INTRODUCTION

ABSTRACT

This study presents a circular microstrip antenna design for Internet of Things (loT) appli-
cations, featuring integrated circular slots that enhance the performance of existing anten-
nas, particularly in terms of bandwidth, return loss, and impedance matching. The main
innovation in this design lies in the utilization of circular slots in the center of the patch,
which differs from similar designs that typically use slots with other geometric shapes or
conventional inset-fed methods. The addition of circular slots results in a more efficient
current distribution, significantly reducing return loss to -38.7 dB and widening the band-
width to 1.99 GHz, making this antenna highly suitable for loT applications that require
stable and efficient data communication at 2.4 GHz. The uniqueness of this design lies in
its ability to optimize omnidirectional radiation characteristics through better impedance
matching, as reflected in the very low VSWR value of 1.021. With the combination of inset-
fed and circular slot techniques, this antenna demonstrates superior performance com-
pared to conventional designs in terms of transmission efficiency and signal reception. This
research highlights the significant potential for developing more efficient and effective
microstrip antennas to support the rapidly growing loT systems.
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Internet of Things (loT) is a rapidly growing technology
that requires reliable, efficient, and compact antenna
systems [1-3]. Antennas, as the main component in loT
systems, can efficiently transmit and receive data [4]. As
time passes, the shift toward smaller and easier-to-install
antennas is becoming increasingly pronounced, making
integration into compatible communication technology
more feasible [5-7,29]. A certain type of antenna with a
compact size is the microstrip antenna [8,9,32]. However,
current microstrip antenna designs are still limited
because the resulting bandwidth is too narrow, necessitat-
ing additional techniques to overcome this issue [10,11,28].

Microstrip antennas are available in various shapes,
including circular, rectangular, and square. Among
these geometric shapes, circular antennas excel in
bandwidth and radiation efficiency compared to the
other two shapes; thus, they are often used for patch
antennas [12,13]. However, patch antennas require
improvements to meet specifications and enhance their
efficiency. Many studies have developed circular anten-
nas using inset-fed, array, and slot methods. First, circu-
lar antennas have been developed with the addition of
inset-fed and T-slots, producing a frequency of 2.45 GHz,
a return loss of 19 dB, and an omnidirectional radiation
pattern [14,30].
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A separate study presented a L element linked to the
circular patch, yielding antenna specifications of a
2.4 GHz resonance, an impedance matching of 1.8,
and a return loss of 16 dB [15]. Subsequent advance-
ment employed the 1x2 array technique with a singu-
lar feedline, yielding a frequency of 2.4 GHz, a return
loss of -11.7 dB, and an impedance matching of 1.7 [16].
Furthermore, numerous designs are yet to attain the
ideal operating frequency of 2.4 GHz for loT, accompa-
nied by consistent radiation characteristics. Moreover,
several researches have employed analogous designs uti-
lizing a slot methodology, albeit with varying geometric
configurations of the slots. A microstrip antenna includ-
ing L-shaped slots was designed to enhance bandwidth
at 2.4 GHz, although the return loss persisted at approx-
imately -20 dB [17]. Another research has developed a
circular microstrip antenna with a U-shaped slot on the
patch antenna. The development of this antenna pro-
duces a working frequency of 2.4 GHz, but the antenna
with the application of this U-lot is still not optimal
because the electromagnetic distribution is not evenly
distributed on the patch, and the resulting return loss
is only -18 dB [18]. From the limitations that have been
discussed, this study attempts to optimize the charac-
teristics of a circular antenna with a circular slot that
is rarely applied in previous studies. The application of
a circular slot helps improve impedance matching and
reduces reflection. This circular slot also has the charac-
teristic of changing the current distribution on the patch
surface evenly so that it produces a more stable radi-
ation pattern in loT applications. In addition to having
characteristics to increase the efficiency of the radia-
tion pattern, this antenna with a circular slot can also
reduce return loss and expand bandwidth so that the
proposed antenna has the potential to improve the loT
node network that is not achieved by array methods or
other less optimal slot shapes.

(A) n (B) (©) Ws
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MATERIALS AND METHODS

This research on circular microstrip antennas for loT
applications focuses on improving the performance of
the existing circular antennas by incorporating a circular
slot in the center of the patch. The circular slot was cho-
sen because it has the ability to increase the bandwidth
and radiation efficiency of the antenna [19]. The circular
slot is placed in the center of the patch with the aim
of modifying the current distribution on the surface of
the circular antenna, so that it becomes more even and
has implications for reducing return loss and expanding
the bandwidth of the antenna. In addition, the proposed
antenna also applies a narrower inset feed dimension with
the aim of directing a more even distribution throughout
the patch, so that the current can reach the entire sur-
face better and obtain higher impedance matching [20].
Meanwhile, in this study, the patch antenna was chosen
with copper material because of its high electrical con-
ductivity, so that it can minimize power loss, and current
can flow efficiently [21]. Then, the substrate material
used is FR-4 because it has a dielectric constant suitable
for the frequency of 2.4 GHz f [22,31]. Figure 1A-C shows
the proposed antenna design along with the components
applied to the circular antenna. In addition, Table 1
shows more detailed dimensions of the circular antenna
proposed in this study.

The data collection technique involves measurements
using a vector network analyzer (VNA) to obtain char-
acterization results for parameters such as return loss,
bandwidth, gain, and VSWR. The radius of the circle (a0)
is derived from the following equation [23].

a- F ()

1/2
14 2h ln(ﬁFj +1,7726
nFe, 2h

Fig. 1: Basic circular microstrip design (A), with inset-fed addition (B), and antenna with circular
slot addition (C).
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Table 1: The Size of the Proposed Antenna.

Dimension Size (mm) Dimension Size (mm)
Ws 38.5 h 1.6

Ls 38.5 t 0.035
a0 14.32 Wf 3

at 4,58 Lf 12.05
Wif 1 Lif 7

In Equation 1, there are elements of resonant frequency
(F), substrate height (h), and substrate relative dielec-
tric constant (g) that affect antenna performance. The
equation utilizes the constants = (pi) and the natural
logarithm (In) to account for geometric effects on the
antenna. In addition, a constant of 1.7726 is applied to
adjust the formula to match the experimental results
[23]. The radius obtained from the equation is used to
determine the optimal size of the antenna patch, allow-
ing the antenna to operate at the resonant frequency of
2.4 GHz.

RESULTS AND DISCUSSION

The MPC antenna features a circular slot measuring
14.32 mm x 14.32 mm x 0.035 mm and antenna dimen-
sions of 38.5 mm x 38.5 mm x 1.6 mm. It incorporates
circular and inset-fed slots, as successfully fabricated
and illustrated in Figure 2.

In Figure 3, it is evident that the inclusion of circular
slots in the antenna design can enhance bandwidth and
improve return loss values. This is reflected in the sig-
nificant increase in return loss values from -48.36 dB
in the conventional design to -14.45 dB in the design
with circular slots. In addition, the previous circular
antenna widely applied the inset feed method, which
was able to reduce the return loss value to -36.90 dB.
The addition of circular slots, in combination with an
inset feed, resulted in improved antenna characteris-
tics, with a return loss of -48.36 dB. This improvement
indicates a decrease in reflection, suggesting that more
power is absorbed or emitted by the antenna rather
than being reflected. The addition of these slots func-
tions as a capacitive element, creating a gap and allow-
ing charge accumulation on both sides of the slot. As
a result, capacitance increases, lowering the resonance
frequency and widening the antenna’s bandwidth.

In addition, the graph shows that the slot position
affects the resonance frequency. When the slot position
is shifted from 1 mm to 2.7 mm from the center, the
current path length increases, resulting in a decrease in
the resonance frequency to 2.4 GHz. Conversely, with a

Fig. 2: Circular antenna fabrication incorporating
circular and inset-fed slots.

_10 -
1)
=
o —20
3
-
=
37
@
a0 | -36.90 — |nset-feed
—— Conventional
48.36 — Circular Slot

—A0 4

1.0 15 20 25 30 15 40 45 5.0
Frequency (GHz)

Fig. 3: Effect of Inset-feed, Conventional, and
Circular Slot treatments on the circular antenna.

slot position of 1 mm, the current path is shorter, result-
ing in a resonance frequency of 2.7 GHz. The inset feed
used also contributes to an increase in the return loss
value, leading to improved efficiency of the transmit-
ted power. Overall, the addition of circular slots and the
change in slot position result in an antenna design with
improved return loss characteristics.

The measurement of the return loss value of the pro-
posed antenna is -38.7 dB at a frequency of 2.40 GHz,
as shown in Figure 4. This return loss value indicates
that the power transmitted to the antenna is used effi-
ciently because its reflection power is minimal. In addi-
tion, the return loss of the antenna designed in this
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study produces a smaller value than the existing circular
antenna, thus proving that the proposed antenna has
succeeded in improving the characteristics of the exist-
ing antenna. The reduction in the return loss value of
this antenna is also caused by the addition of a circular
slot on the patch that changes the distribution of the
electric field along the patch surface, thereby improving
the antenna performance. However, in the simulation
results and actual measurements, there are differences
in the characterization results, where the return loss of
the simulation results is lower at the same frequency.
The deviation that occurs in the actual measurement
and simulation is caused by the presence of electromag-
netic interference in the surrounding area that cannot
be avoided [22]. However, the deviation that occurs in
the measurement is not too far from the simulation, and
the return loss value is still superior to the previous con-
ventional antenna.

Furthermore, Figure 4 also presents the bandwidth mea-
surements of the antenna designed with a circular slot.
Observing both low and high frequencies, the bandwidth
of this antenna is 1.99 GHz for a working frequency of 2.4
GHz. The bandwidth characteristics of this antenna are
greater than those of previously developed antennas.
This indicates that the addition of the circular slot con-
tributes significantly to increasing bandwidth by reduc-
ing return losses. The circular slots act as capacitive
elements, expanding the frequency range that can be
efficiently transmitted, thereby allowing more energy to
be received and transmitted by the antenna. However,
deviations between simulation results and character-
ization are attributed to environmental factors, such
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Fig. 4: Return loss of the antenna that has been
measured with vector network analyzer.

as electromagnetic interference, which can impact
antenna performance in real-world testing.

The measured VSWR value from the measurement results
is 1.021, as shown in Figure 5. The impedance matching
results of the proposed antenna are lower than those
of previous studies that applied the inset-fed method,
which achieved a VSWR value of only 1.7. This study uti-
lized circular slots to enhance impedance matching in
the inset-fed design, enabling the measured VSWR value
to reach 1.021, which is lower than that reported in pre-
vious studies. In addition, simulation results show higher
VSWR values compared to actual measurements, with
values around 1.063 at the same frequency, as shown in
Figure 5. Several factors may explain these differences,
such as electromagnetic interference from the sur-
rounding environment during the measurement process,
which cannot be accounted for in simulations conducted
under ideal conditions. The second factor is differences
in testing conditions. Measurements were performed
using a VNA in an environment that was not entirely free
of obstacles (i.e., anechoic), which could cause inter-
ference that affected the measurement results [24].
In spite of the differences, the deviation between the
measured and simulated VSWR values is slight, and the
antenna design still demonstrates better overall per-
formance, with significantly lower VSWR measurements
compared to previous studies.

Furthermore, Figure 6 shows a comparison of the radi-
ation patterns between the simulation results and
the measurement results of the proposed antenna. In
general, both show similar main radiation directions,
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Fig. 5: VSWR characterization results.
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namely, perpendicular to the antenna surface (broad-
side), indicating that the simulation model accurately
represents the actual characteristics of the antenna.
Some differences are observed at angles around 0° and
180°, which are caused by electromagnetic interference
from the surrounding environment during the measure-
ment process and the limitations of ideal free space
(anechoic) conditions [25-27].

The radiation pattern of the proposed antenna exhibits
similarities to those of circular microstrip patch anten-
nas with slots, as reported in the existing literature. This
similarity is particularly evident in the main radiation
direction and power distribution patterns in the E and H
planes, as presented in Table 2. However, the significant
advantage of this antenna lies in its higher gain value
compared to antennas with a slot configuration on a cir-
cular patch. This indicates that the proposed antenna
not only maintains omnidirectional radiation charac-
teristics but also offers better radiation efficiency.
Therefore, this antenna is highly suitable for application
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Fig. 6: Radiation pattern of the antenna with the
addition of a circular slot and inset feeding.

in loT systems, which require uniform signal coverage
with sufficient gain to ensure reliable data transmission.

Table 2 compares the results of the proposed circular
slot MPC antenna with previous studies. This antenna
demonstrates superior performance in terms of return
loss, bandwidth, VSWR, gain, and radiation pattern.

Table 2 shows a comparison of the characteristic results
of the proposed antenna with existing circular antennas
and demonstrates superior performance. The proposed
antenna operates at a frequency of 2.40 GHz, which is
the primary frequency for loT applications such as Wi-Fi
and Bluetooth. In this case, this operating frequency is
highly suitable for supporting wireless communication
in loT devices that require high data transmission effi-
ciency. One of the main advantages of this antenna is
its very low VSWR value of 1.021, indicating nearly per-
fect impedance matching. This result indicates that the
proposed antenna has high efficiency in transmitting
signals and minimizing reflected power, a critical fac-
tor in reducing power loss and improving overall sys-
tem efficiency, especially in loT applications that rely
on short-range communication and require power sav-
ings. The designed antenna exhibits a minimum return
loss of -38.7 dB, indicating excellent power transmis-
sion efficiency. Low return loss indicates that the power
absorbed by the antenna and transferred to the environ-
ment is greater than that reflected. This is beneficial for
loT applications that require reliable and efficient data
transmission. The antenna exhibits a significant gain of
2,351 dBi, which improves signal quality and extends
the communication range. This high gain performance
facilitates more reliable and optimal wireless connec-
tions, essential for loT devices that frequently oper-
ate in environments with significant interference or a
large number of connected devices. The antenna has a
bandwidth of 1.56 GHz, far exceeding current antenna
designs. This increased bandwidth provides substantial
benefits in loT applications, facilitating the antenna’s

Table 2: Comparison of this Research with Previous Publications.

Ref Frequency (GHz) VSWR Return Loss (dB) Gain (dBi) Bandwidth (GHz) Radiation Pattern
[17] 2.40 1.8 -16 0.05 Omnidirectional
[16] 2.45 -19 0.114 Omnidirectional
[19] 2.4 -1.2964 -17.78 0.1 Directional

[20] 2.4 >2 <10 0.300 Omnidirectional
[22] 2.45 -28 0.066 Omnidirectional
[18] 2.40 1.7 -11.7 0.208 Omnidirectional
[23] 2.40 -23.11 Omnidirectional
This work 2.40 1.021 -38.7 2.351 1.56 Omnidirectional
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capacity to handle increased data and enabling more
devices to communicate over a wider range without
experiencing interference or signal degradation. The
antenna produces an omnidirectional radiation pattern,
allowing it to transmit and receive signals uniformly in
all directions. This attribute is well-suited for loT appli-
cations that require uniform signal coverage across an
area, especially in sensor networks or decentralized loT
device communication systems. The proposed antenna
is well-suited for loT systems, as it meets various perfor-
mance criteria critical for these applications. Its small
dimensions and superior efficiency make it optimal for
integration into loT devices with limited form factors.
Microstrip antennas, characterized by their compact
dimensions and lightweight construction, facilitate their
implementation in many loT devices, including wireless
sensors and wearable technologies, which require small-
sized and optimally performing antennas. Furthermore,
the antenna’s technical specifications—which include
superior impedance matching, low return loss, high
gain, and wide bandwidth—ensure reliable and efficient
data transmission between loT devices. In loT environ-
ments, characterized by multiple devices connected
simultaneously, this antenna improves connection reli-
ability through superior signal transmission and recep-
tion efficiency.

CONCLUSION

This research has developed an antenna fabrication with
a circular design equipped with a circular slot for loT
applications. From the characterization carried out, the
proposed antenna design is able to reduce the return
loss value smaller than the existing antenna, which
reaches -38.7 dB. In addition, the resulting bandwidth
becomes wider around 1.99 GHz, and the VSWR value
becomes very low to 1.021. The results of the antenna
proposed in this study are able to improve upon the
characteristics of the previous antenna by implementing
a circular slot in the middle of the patch. This effectively
ensures that the current is distributed more evenly on
the patch in the antenna because it deflects the cur-
rent to the left and right sides of the patch, thereby
increasing radiation efficiency and performance stability
at 2.4 GHz. In addition, it is also known that the combi-
nation of inset-fed antenna techniques and circular slots
is able to produce an omnidirectional radiation pattern
with a large gain. From the results obtained, the circu-
lar antenna with a circular slot and inset feed is able to
improve the characteristics of other conventional anten-
nas and offers superior performance in terms of return
loss, VSWR, bandwidth, and gain, so that it has great

potential for loT applications that require capable con-
nectivity to communicate with device nodes.
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