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Abstract – Wireless communication systems rely on efficient and compact antennas to transmit and receive signals. Microstrip patch 
antennas have gained popularity due to their small size, low profile, and ease of fabrication. In this study, an inset fed microstrip 
rectangular patch antenna using a partial ground plane is designed for ISM band applications in the frequency range of 2.4 - 2.4835 
GHz. The antenna is made on a low-cost FR4 substrate with a dielectric constant of 4.3 and a thickness of 1.6 mm. The dimensions of 
the antenna is 28.35 × 37.58  mm2. The antenna is fed by an inset feedline, which provides a compact and efficient feeding mechanism. 
The design of the antenna is carried out using CST Microwave Studio software. The performance of the antenna is evaluated based on 
various parameters such as return loss, bandwidth, VSWR, directivity, gain, and radiation pattern. The simulation results indicate that 
the proposed antenna achieves a return loss (S11) of -27.339 dB, a bandwidth of 0.01478 GHz (147.8 MHz), and a VSWR of 1.09. 
Additionally, the antenna provides a gain of 2.97 dBi, a directivity of 4.7 dBi, and an efficiency of -1.726 dB (67.20%). Overall, this 
design meets the requirements of decreased antenna size, lightweight, low profile, cost-effectiveness, simple manufacturing, and good 
performance for ISM band applications. 
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I. INTRODUCTION 

The rapid growth of wireless communication networks and the increasing number of remote devices have created a high 
demand for antenna configurations [1]. Microstrip antennas, unlike traditional microwave antennas, offer several 
advantages and can cover a wide bandwidth ranging from 100 MHz to 100 GHz. These antennas can be designed in 
various shapes and sizes and possess different properties. A Microstrip Patch Antenna (MPA) consists of a transmitting 
patch on one side of a dielectric substrate, which can have either a planar or non-planar shape, and a ground plane on the 
other side. Different configurations, such as square, annular-ring, circle, rectangle, symmetrical triangular, and dipole, have 
been extensively studied in recent years. These antennas have a low profile, lightweight design, cost-effective 
manufacturing, thin profile setup, and can achieve direct and circular polarization with simple feed mechanisms. They can 
also be easily integrated with microwave integrated circuits. Microstrip patch antennas offer a high power-handling 
capacity, making them suitable for transmitting and receiving low-power signals. Their unique characteristics make them 
potential candidates for applications in radar systems and wireless communication systems [2-4]. 

Microstrip patch antennas do have some limitations, including slow transfer speeds and modest required gain. However, 
various approaches have been proposed to increase the impedance bandwidth of these antennas. These approaches 
typically involve reducing radiation loss and minimizing metalized territory on the dielectric substrate [5-7]. In certain 
applications such as high-performance aircraft, spacecraft, satellites, and missiles, low-profile antennas are necessary due 
to size, weight, cost, performance, ease of installation, and aerodynamic profile constraints. To enhance antenna 
performance, an inset-fed antenna using Defected Ground Structure (DGS) has been presented, offering high bandwidth 
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and low return loss. However, this antenna has a directivity of only 3.049 dBi [8]. Other research works have proposed 
different designs to address the limitations of microstrip patch antennas. For example, a rectangular patch antenna with a 
novel top-plane switching beam and ground-plane slits was proposed, and a circular-shaped DGS was utilized to reduce 
antenna size by approximately 74.5 percent. Additionally, a star-shaped microstrip patch antenna with a microstrip feed 
line for ISM band was demonstrated, achieving an impedance bandwidth of 67.6 MHz and a gain of 6.6 dBi. Another 
design involved a rectangular inset-fed microstrip patch antenna with and without DGS, achieving a bandwidth of 21 MHz 
and a gain of 5.647 dB [9-13]. It is worth noting that microstrip patch antennas find applications in various sectors, 
including mobile radio and wireless communications, where governments and commercial entities have similar criteria for 
antenna performance and specifications. 

Patch antennas are indeed suitable for the mentioned purposes. They offer several advantages such as a low profile, 
flexibility to conform to planar and non-planar surfaces, cost-effectiveness through modern printed circuit technology, 
mechanical strength on rigid surfaces, compatibility with MMIC plans, and adaptability in terms of frequency, 
polarization, shape, and impedance selection. The square, rectangular, dipole (strip) and circular patch antennas are widely 
recognized due to their ease of analysis, fabrication, and favorable radiation properties, including low cross-polarization 
radiation. The ISM radio bands, allocated globally for industrial, scientific, and medical applications other than 
telecommunications, are in the frequency range of 14 - 15 GHz. These bands are utilized for various purposes such as 
broadcast process heating, microwaves, and medical diathermy machines. To prevent electromagnetic interference and 
disruption of radio communication within the same frequency range, specific frequency bands have been designated for 
ISM device operation [14-15]. 

The primary objective of this study is to evaluate the efficacy of an inset-fed microstrip rectangular patch antenna with a 
partial ground plane approach for ISM band applications within the frequency range of 2.4 GHz to 2.4835 GHz. The 
antenna design incorporates an FR4 substrate material with a dielectric constant of 4.3, and the microstrip inset feed line 
technique is employed to ensure proper impedance matching. Additionally, a partial ground plane is utilized to enhance the 
antenna's bandwidth and minimize return loss. The Computer Simulation Technology (CST) microwave studio software is 
utilized to simulate and evaluate the performance of the proposed antenna design. 

II. ANTENNA DESIGN 

The proposed antenna design utilizes FR4 as the construction material, which has a thickness of 1.6 mm and a dielectric 
constant of 4.3. The ground and patch of the antenna are made of copper, which is a lossy metal. To feed the antenna, an 
inset-feedline configuration is employed. This means that the feedline is positioned within the antenna structure, allowing 
for efficient power transfer to the radiating element. By using FR4 as the substrate material and copper as the conductive 
material for the ground and patch, along with the inset-feedline feeding technique, the antenna design aims to achieve 
optimal performance and desired characteristics. The geometry of the proposed antenna is depicted in figure 1. 

The proposed antenna's dimensions are designed using the following equations: 

Patch width (W) [19]: 

W =
c

2f୰
ට(εr − 1)

2

 

Where, c = light speed in vacuum 

f୰ = resonant frequency 

Substrate height (h) [19]: 

W

h
> 1. 

Effective dielectric constant (ε୰ୣ୤୤) [19]: 



Inset Fed Rectangular Patch Antenna Design for ISM Band Applications 
 

 
 
Vol. 41 No. 2 November 2023                ISSN: 2509-0119 500 

 ε୰ୣ୤୤ =
ε୰ + 1

2
+

ε୰ − 1

2
[1 + 12

h

w
]ିଵ/ଶ 

Patch length (L) [19]: 

ΔL = Lୣ୤୤ − 2ΔL 

Lୣ୤୤ =
c

2f୰ඥ ε୰ୣ୤୤

 

ΔL = 0.412h
( ε୰ୣ୤୤ + 0.3)(

w
h

+ 0.264)

( ε୰ୣ୤୤ − 0.258)(
w
h

+ 0.8)
 

Ground plane measurement [19]:  

L୥ = L + 6h 

W୥ = W + 6h 

The patch antenna's dimensions are listed in Table 1. 

 
 

(a) (b) 

Figure 1. Geometry of the proposed antenna with partial ground plane (a) Front view and (b) Back view 

Table 1. Geometrical parameters of the proposed antenna 

Parameters Value 

Substrate dielectric constant, ɛr  4.3 

Substrate thickness, h (mm) 1.6 

Ground plane length, Lg (mm) 40 

Ground plane width, Wg (mm) 50 

Substrate length, Ls (mm) 40 

Substrate width, Ws (mm) 50 

Copper thickness, t (mm) 0.035 

Patch length, L (mm) 28.35 

Patch width, W (mm) 37.58 
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Width of the feed, W0 (mm) 3.137 

Inset length, y0 (mm) 5.5 

Inset gap, g (mm) 1 

Partial ground width, Wg (mm) 30  

Partial ground length, Lg (mm) 40  

III. SIMULATED RESULTS AND DISCUSSION 

The simulation results of the single-element rectangular patch antenna, obtained using CST software are presented in 
Figures 2 to 5. These figures display various antenna metrics such as return loss (S11), VSWR, gain, and directivity. The 
CST software has been utilized to simulate the antenna design and generate these metrics. The purpose of presenting these 
simulation results is to provide a basis for analyzing and evaluating the performance of the suggested antenna. By 
examining these antenna parameters, one can achieve insights into the antenna's performance and make informed 
judgments about its effectiveness. 

3-1. Return Loss (S11) 

Return loss refers to the reflected power from the load (antenna) due to a mismatch in the communication connection. It is 
typically measured in dB and indicates the quality of the impedance match between the source (feed line) and the load 
(antenna). A lower return loss value indicates a better impedance match and less power wasted in the load, resulting in 
maximum power transfer and improved performance. The return loss is calculated as the ratio of reflected power (Pr) to 
incident power (Pi), expressed in dB. The return loss should be as high as possible, represented by a negative number, 
indicating that the reflected power is significantly lower than the incident power. The return loss (S11) for the proposed 
antenna is shown in figure 2. In the case of the proposed antenna, the lowest return loss is -27.339 dB at a frequency of 
2.435 GHz, indicating good impedance matching between the microstrip feed line and the radiating patch. 

A return loss of -27.339dB corresponds to a reflection coefficient of 0.04306, meaning that approximately 4.306% of the 
incident power is wasted in the antenna, while 99.82% of the available power is transmitted into the antenna. The return 
loss graph is also used to determine the antenna's bandwidth, which is defined as the frequency range over which the return 
loss is less than -10 dB. In the case of the planned antenna, the estimated bandwidth is 0.1478 GHz (147.8 MHz), with an 
upper cutoff frequency of 2.5096 GHz and a lower cutoff frequency of 2.3616 GHz. This bandwidth is better than that 
observed in references [16-18]. 

 

Figure 2. Return loss of the proposed antenna  
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3-2. VSWR 

The Voltage Standing Wave Ratio (VSWR) is a metric used to measure the impedance matching between an antenna and 
the connected radio or transmission line. It indicates the extent to which the antenna reflects the signal before radiation. A 
high VSWR suggests poor impedance matching. In practical terms, it is desirable for the VSWR to be between 1 and 2 in 
order to minimize loss in reflection. The VSWR value provides insight into the efficiency of the system. A lower VSWR 
indicates a better match between the impedance of the antenna and the feed line or transmission line, resulting in higher 
power supplied to the antenna. Impedance mismatches within the connector can cause signal reflections, which contribute 
to the VSWR. The VSWR can be calculated from the reflection coefficient as: 






1

1
VSWR

 

Figure 3 displays the Voltage Standing Wave Ratio (VSWR) versus frequency graph of the designed antenna. The VSWR 
value obtained for the antenna is 1.09, which is less than 2. This indicates a perfect match between the antenna and the feed 
line throughout the frequency band. A VSWR of 1.09 implies that approximately 99.82% of the power is efficiently 
supplied to the antenna, resulting in a very low loss of mismatch, specifically 0.0049 dB. This suggests that the antenna has 
been properly designed and exhibits efficient operation. The low VSWR value and minimal mismatch loss indicate that the 
antenna is well-matched to the feed line, allowing for effective power transfer and minimizing signal reflections. These 
results further support the conclusion that the antenna design has been successful and meets the desired performance 
criteria. 

 

Figure 3. VSWR of the proposed antenna 

3-3. Directivity 

Directivity refers to the directionality of the radiation pattern from an antenna. It indicates the concentration of radiated 
power in a specific direction. An antenna with zero directivity radiates power equally in all directions, while an antenna 
with high directivity concentrates power in a specific direction. In applications where signals need to be transmitted and 
received in all directions, such as mobile devices, omni-directional antennas are typically used. These antennas have low or 
no directivity, allowing for coverage in all directions. On the other hand, in applications where long-distance 
communication in a specific direction is required, such as satellite television or wireless backhaul, high directivity antennas 
are employed. These antennas focus power in a particular direction, allowing for efficient transmission and reception over 
long distances. In the case of the designed antenna, its far-field directivity is depicted in figure 4. The directivity of the 
antenna is measured to be 4.7 dBi at a frequency of 2.45 GHz. This indicates that the antenna concentrates its radiated 
power in a specific direction at that frequency, making it suitable for applications that require transmission and reception 
over longer distances in a particular direction. 
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Figure 4. Directivity of the proposed antenna 

3-4. Gain 

The gain of an antenna refers to its ability to convert electrical energy into radio waves in a specific direction. A higher 
gain means that the antenna focuses more power in a particular direction, while attenuating signals from other directions. 
On the other hand, a lower gain implies a wider radiation pattern and limited range. In the context of the designed antenna, 
the gain is shown in Figure 5 and is measured to be 2.97 dBi at a frequency of 2.45 GHz. This indicates that the antenna is 
capable of directing a significant amount of power in a specific direction at that frequency. It is important to note that an 
ideal antenna, known as an isotropic antenna, radiates signals equally in all directions, resulting in a gain of 0 dBi. In 
practice, real antennas have a gain that is greater than 0 dBi, and their directivity (ability to focus power in a specific 
direction) is typically greater than their gain. An ideal antenna would have the same directivity and gain, resulting in an 
efficiency of 100%. Overall, the gain of the designed   antenna indicates its ability to focus power in a specific direction, 
enhancing its performance in transmitting and receiving signals at the frequency of 2.45 GHz. 

 

Figure 5. Gain of the proposed antenna 

3-5. Efficiency 

The efficiency of an antenna is a measure of how effectively it converts input power into radiated power. A higher 
efficiency indicates that the antenna is delivering a larger amount of input power, while a lower efficiency suggests that a 
significant amount of input power is either consumed or reflected away due to impedance mismatch. Figure 5 depicts the 
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efficiency of a proposed antenna, showing that it attains a value of -1.726 dB (67.20%). This means that the antenna is able 
to utilize a significant portion of the input power it receives. For optimal performance, it is desirable to have a high antenna 
efficiency. A higher efficiency ensures that more of the input power is converted into useful radiated power, resulting in 
better overall performance of the antenna system. 

3-6. Summary of the Simulated Results 

Table 2 presents a summary of the simulation findings for the antenna that has been developed for this study. The 
performance parameters of the antenna used in this research are shown in this table employing fundamental antenna 
properties including resonant frequency, return loss (S11), VSWR, bandwidth, gain, and directivity. 

Table 2. Summary of the simulated results of the proposed antenna 

Performance Parameters Antenna  

Resonant frequency (GHz) 2.435 

Return loss (dB) -27.339  

VSWR 1.09 

Bandwidth (MHz) 147.8 

Gain (dBi) 2.97 

Directivity (dBi) 4.7 

 

IV. COMPARISON WITH RECENTLY DEVELOPED WORKS 

The suggested antenna in Table 3 is compared to the performance of a few newly developed antennas in terms of resonant 
frequency, return loss, bandwidth, and VSWR. The recommended antenna has a VSWR of 1.09, indicating that it has a 
good impedance match and minimal signal reflection. It also has a wide bandwidth of 147.8 MHz, which allows it to 
efficiently transmit signals over a range of frequencies. In comparison to the antennas mentioned in references [16–18], the 
proposed antenna is much smaller in size, indicating its compact design. It also has a wider bandwidth than the antennas in 
those references, suggesting that it can cover a broader range of frequencies. However, the planned antenna's VSWR is 
higher than the one provided in reference [18], indicating a slightly less precise impedance match. Nonetheless, it is lower 
than the VSWR values mentioned in references [16-17], indicating that the proposed antenna has a better impedance match 
than those antennas. Regarding the return loss, the intended antenna has a larger value than the one in reference [18], 
indicating a stronger ability to convert incoming signals into electromagnetic waves. However, it has a lower return loss 
than the antennas mentioned in references [16-17], suggesting that it may not be as efficient in converting signals as those 
antennas. Overall, the reduced return loss of the intended antenna suggests that it can effectively convert incoming signals 
into electromagnetic waves, while its VSWR and bandwidth make it a suitable choice for various frequency ranges. 

Table 3. Comparisons of the preceding and present designed inset-fed microstrip rectangular patch antennas 

References Antenna 
Size 

(mm2) 

Resonant 
frequency 

(GHz) 

Return 
loss 

(dB) 

Bandwidth 

(MHz) 

VSWR 

[16] 2500 2.58 -14.09 40 1.492 

[17] …. 2.45 -14.4 20 1.471 

[18] 1085.2 2.393 -38.86 58 1.02 

Proposed 
Antenna 

1065.4 2.435 -27.339  147.8 1.09 
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V. CONCLUSION 

In this article, an inset feedline rectangular patch antenna with partial ground plane for ISM band applications has been 
successfully designed. The antenna's performance has been evaluated using CST Microwave Studio. The designed antenna 
achieves a -10 dB impedance bandwidth of 147.8 MHz, ranging from 2.3613 GHz to 2.5091 GHz, with a return loss of -
27.339 dB. It also exhibits a gain of 2.97 dBi, a directivity of 4.7 dBi, and an efficiency of -1.726 dB  (67.20%). These 
specifications make the antenna suitable for various wireless communication standards, including Bluetooth (2.4 to 2.485 
GHz), WiMAX (2.3 to 2.4 GHz), Microwave ovens (2.4 to 2.48 GHz), RFID (2.4 to 2.5 GHz), S-Band (2.3 to 2.4 GHz), 
Wireless Communication Services (WCS) 2.345 to 2.360 GHz, and 4GLTE (2.3 to 2.315 GHz). Future studies in antenna 
design will focus on fabricating and evaluating the performance of the proposed antenna, both in practical and simulated 
environments. The integration of this single-component design into an array on a single substrate shows promise for 
achieving higher gain, directivity, and efficiency compared to traditional single-component antennas. However, challenges 
such as optimizing the spacing and arrangement of antenna elements and ensuring proper electrical connectivity need to be 
addressed. With further research and development, this innovative antenna design has the potential to revolutionize 
antenna technology and enhance communication systems in various fields. 
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