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Abstract: The design of a circularly slotted triangular patch radiator with a full-ground structure
for 5.8 GHz ISM band applications is the basis for this research. The working band of the suggested
miniaturized patch radiator may be adjusted by adjusting the slot size. The practical reduction in
size is calculated by comparing the size of the standard elliptical-shaped slot with the size of the
circular slot. Changes in the practical radius of the triangular patch, the main axis radius of the
circular slot, the ground plane length, and feed line width are investigated. The proposed radiator
has the dimensions of 25.5 mm × 22.5 mm × 1.6 mm. This small construction has a broad bandwidth
of 100 MHz (5.8 GHz), with a 3% fractional bandwidth (FBW).

Keywords: ISM band; circular slot; triangular patch; microstrip patch antenna

1. Introduction

Circularly Slotted Triangular Patch Antennas (CSTPAs) have grown in favor in recent
years because of their wideband and circular polarization properties. These antennas are
suited to a variety of wireless communication technologies, including Bluetooth, WLAN,
and RFID, that operate in the 5.8 GHz ISM band [1]. CSTPAs are a modified version of the
traditional triangular patch antenna, with circular slots added to the patch to increase the
bandwidth and axial ratio. The circular slots operate as resonators and generate additional
modes, resulting in a large increase in bandwidth. Furthermore, circular polarization is
obtained by altering the position of the feed point on the patch [2]. The circular polarization
of CSTPAs makes them an excellent choice for applications requiring polarization variety
and tolerance to multipath fading. These antennas’ wide bandwidth also makes them
suited to systems requiring large data rates and minimal latency. Furthermore, CSTPAs’
small size and low profile make them excellent for applications in which space and weight
are crucial [3].

Several research studies have been undertaken on the design and performance of CST-
PAs for various wireless communication systems. The radiation characteristics, impedance
bandwidth, and axial ratio of these antennas have been analyzed and optimized using
different approaches, such as the technique of finite element, the method of moments, and
the genetic algorithm [4]. Several studies on antenna miniaturization have been conducted
in recent years. Due to their multiple advantages, slot antennas have been used in a wide
range of applications. Various slot designs etched on the antenna have been studied, with
the bonus of providing suitable bandwidth modifications [5–9]. The authors suggest a
5.8 GHz ISM band ultra-wideband antenna designed around the ground layer [10,11].
T-shaped slots [12], L-shaped slots [13], elliptical/circular slots [14], semi-circular slots [15],
C-shaped slots [16], hexagonal slots [17,18], and various types of slots used in antenna
design for multiband operation have all been proposed. The updated ground plane of
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microstrip antennas aids in dual-band [19], wide-bandwidth [20], and other performance
needs. A multiband circularly shaped radiator is designed and constructed [21,22].

The use of a D-shaped radiator in conjunction with the modified ground plane con-
struction helps create circularly polarized features. Aside from these advantages, a unique
dual-band slot antenna design is described, in which two adjunct arc-shaped slots are
inserted into two primary semi-circular slots embedded on the ground plane to acquire the
required frequency bands [23]. The analysis of a slotted triangle antenna is enhanced by
etching and extensively analyzing a floral-shaped slot [24]. The main design features of
these slots are their small size, ease of setup, required gain, and so on. In [25], a wideband
antenna for sub-6 GHz applications is presented; however, it is somewhat large. The benefit
of etching an elliptical groove has been described by researchers in [26], but its enormous
size restricts its application. In [27], a broad triangular patch with a full ground plane is
created, but it has a low average gain for ISM band applications. This paper describes a
revolutionary tiny patch radiator that can perform ISM band applications and was influ-
enced by prior research efforts. It is claimed that a triangular patch with a circular slot and
an apex fed by a microstrip feed line produces radiation in the ISM band.

The influence of adding the slot and the complete ground plane is noted, indicating
that it helps to achieve the 100 MHz bandwidth. During the design phases, the elliptical
slot of the radius (r) is analyzed and then changed into a circular-shaped slot. The effect of
introducing various forms of slot architectures is investigated, and we were able to embed
the circular slot in the intended triangle patch due to the output performance features
of a wideband operation with a smaller size. As a result, for ISM band applications, a
circularly slotted triangular patch radiator (CSTPA) is envisioned and constructed. A dual-
band scorpion-shaped antenna is discussed in [28] for 5.8 GHz applications on a compact
substrate. The authors in [29] present an antenna array for 5.8 GHz ISM band high-gain
applications.

The rest of the paper is structured as follows. Section 2 describes the proposed
CSTPA’s design and geometric arrangement. Section 3 presents the simulated outcomes of
the CSTPA. Section 4 gives the work’s conclusion.

2. Parametric Analysis

The circular, rectangular, and elliptical slots are easier to design than the other geome-
tries since they only need to change the radius of the patch (r). Because circular geometry
has the smallest footprint area, a triangular patch radiator was originally built and used
as a reference design. The antenna’s several iterations are designed to function in the ISM
band at the center frequency (fc) of 5.8 GHz. The Flame Retardant (FR4-exopy) substrate
with a relative permittivity (εr) of 4.4 and a thickness (t) of 1.6 mm is selected. Figure 1a–d
depicts the design steps chosen to build the CSTPA, which are described below:
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2.1. Step 1

Radiator 1 is first conceived as a microstrip line-fed triangular patch radiator with a
complete ground plane. Table 1 shows the patch parameters.

Table 1. Simulated dimensions of various configurations.

Parameters Step 1 (mm) Step 2 (mm) Step 3 (mm) Step 4 (mm)

Overall thickness (t) 1.6 1.6 1.6 1.6
Substrate side length (sl) 25.5 25.5 25.5 25.5

Substrate width(sw) 25.5 25.5 25.5 22.5
Dimensions (W × L × H) 25.5 × 25.5 × 1.6 25.5 × 25.5 × 1.6 25.5 × 25.5 × 1.6 25.5 × 22.5 × 1.6
Triangular patch (x), (y) 5.76, 12.03 5.76, 12.03 5.76, 12.03 9.5, 16.08
Ellipse slot radius (er) - 1 - -

Radius of circular slot (cr) - - - 3
Length of rectangular slot (rl) - - 2 -
Width of rectangular slot (rw) - - 5 -

Feedline length (fl) 9.3 9.3 9.3 14
Feedline width (fw) 0.5 0.5 0.5 3.11
Ground length (gl) 25.5 25.5 25.5 25.5
Ground width (gw) 25.5 25.5 25.5 22.5

2.2. Step 2

Slots are inserted in the patch radiator to modify the design shape to achieve a compact
size with enhanced output parameters. The patch slot facilitates the use of a compact mi-
crostrip antenna with enhanced bandwidth and efficiency. The dimensions of the elliptical
slot are proportional to the impedance bandwidth’s lowest transmission zero frequency. At
the patch radiator’s center, an elliptical slot with a slot radius of 1 mm is inserted.

2.3. Step 3

To accomplish miniaturization, the optimized design produced by Radiator 2 is used,
and a rectangular slot is put into the triangular patch. The proportions of the inserted
rectangular slot are kept, such that it is 2 mm long and 5 mm wide. Radiator 3 provides
more gain and directivity than Radiator 2. Table 2 shows the performance characteristics,
which show that while the gain and directivity are better than Radiator 2. However,
Radiator 3 outperforms Radiator 2 in terms of gain and directivity.

Table 2. Simulated gain, frequencies, and bandwidth.

Output Factors Step 1 Step 2 Step 3 Step 4

Highest frequency Non-radiating 6.23 GHz 6.37 GHz 5.88 GHz
Lowest frequency Non-radiating 6.05 GHz 6.25 GHz 5.72 GHz

Bandwidth Non-radiating 180 MHz 120 MHz 160 MHz
Gain (dB) - 2.00 2.45 1.49

2.4. Step 4

This procedure involves inserting the circular slot into the triangle patch. The benefit
of a circular slot for a compact proposed design is that it reduces the region of radiation
while maintaining acceptable characteristics and is polarization-insensitive. In the middle
of the patch radiator is a circular slot with a 3 mm radius. It is evident that the best
choice for providing ISM band features with adequate gain and directivity is a circular-slot-
based triangle patch radiator. In Figure 1d, Radiator 4 shows the steps used to create the
suggested circular slotted triangular patch radiator’s geometry. The design requirements
of the suggested antenna are explained in detail in Table 1. With the data reported in
Table 2, the slot’s impact is discernible. The gain and directivity values are improved in
this situation, and the bandwidth is sufficient. Radiator 4 has a better bandwidth than the
other radiators, though.
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3. Simulated Results and Discussion

As we can see from the above figure and Table 2, the triangular patch with a circular
slot radiator is best as it gives a 5.8 GHz ISM band. In Radiator 4, we take the radius of
the circular slot to be 3 mm so it gives an accurate ISM band. In Figure 2, we take different
values of circular slots, like 2 mm, 2.5 mm, 3 mm, and 3.5 mm. As can be seen, the circular
slot has a greater effect on the bandwidth, gain, and directivity. If the radius is less than
3 mm, the bandwidth becomes smaller, and the graph moves beyond 5.8 GHz. If we take
the radius of the circular slot to be greater than 3 mm, then the bandwidth is still smaller,
but the graph shifts to the left side. Therefore, after taking many values, we observed that
the bandwidth gain is better at a 3 mm circular slot radius. The simulated results of all four
types of radiators are presented in Figure 3.
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Figure 3. Simulated results of various radiators.

The graphical depiction of an antenna’s radiation characteristics as a function of space
is called an antenna pattern or radiation pattern. In other words, the antenna’s pattern
specifies how the antenna absorbs energy or radiates energy into space. The antenna’s
capacity to radiate in any direction relative to a theoretical antenna is known as antenna
gain. An antenna would radiate evenly in all directions if it could be constructed as a
perfect sphere.

GdB = 10log10

(
4πηA

λ2

)
(1)

GdB is the antenna gain, η is the efficiency, A is the physical aperture area, and λ is
the wavelength at 5.8 GHz. The radiation pattern and gain of a circular slot with a 3 mm
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radius are given in Figure 4a. At the ends of the patch, the current distribution must be
zero; the current cannot flow “off” the patch. The voltage and the current are not in the
phase. Therefore, the distribution of the CSTPA with a 3 mm radius is shown in Figure 4.
The proposed antenna design is compared with some literature work in Table 3.
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Table 3. Comparison table.

Reference Dielectric
Constant Size Frequency (GHz) Bandwidth (GHz) Gain (dBi)

[30] 4.4 0.35λ × 0.35λ × 0.009λ
3.5/5.5
5.2/5.8 3.4–7.62 4

[31] 4.4 0.83λ × 0.5λ × 0.006λ 5.5 5.2–5.8 3.93
[32] 4.4 0.55λ × 0.55λ × 0.03λ 5.8 5.71–5.9 4.76

Proposed 4.4 0.5λ × 0.44λ × 0.03λ 5.79 5.70–5.88 1.49

4. Conclusions

A compact and miniaturized patch radiator for exhibiting a response in the 5.8 GHz
frequency range has been designed and developed. A small and miniaturized patch radiator
with a response frequency of 5.8 GHz has been conceived and produced. To create a broad
bandwidth of 5.8 GHz, a circular slit is carved on the triangular patch. The developed antenna
has compact dimensions of 25.5 mm × 22.5 mm × 1.6 mm, and denotes the wavelength
at the 5.8 GHz center frequency. The suggested radiator is appropriate for ISM band appli-
cations. The observed findings corroborate the 100 MHz bandwidth, i.e., a 3% fractional
bandwidth. The antenna specifications show that the developed CSTPA is appropriate for ISM
band applications.
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