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ABSTRACT 

A compact dual-band portable antenna operating at 1.8 and 2.4 GHz was designed and implemented for 

various applications of communication systems, such as wearable and wireless device systems. The dual-

band operation of the proposed antenna enables it to be used in a rapidly changing array of applications 

that meet the demands of modern communication technologies, such as the Global System for Mobiles 

(GSM) at 1.8 GHz, Digital Communication System (DCS) at 1.71–1.88 GHz, Industrial, Scientific, and 

Medical (ISM) band at 2.4 GHz, Wi-Fi at 2.4–2.454 GHz, and Bluetooth at 2.4–2.5 GHz. The design is also 

based on slot technology for miniaturization, achieving dual-band operation, and reducing the unwanted 

surface currents. The proposed method miniaturizes the antenna while achieving good efficiency in both 

frequency bands. The preliminary design of the antenna was performed by simulation using the Computer 

Simulation Technology (CST) Studio Suite, the most advanced electromagnetic simulator. The results 

indicate excellent radiation efficiency of 92.59% and 96.75% at 1.8 and 2.45 GHz, respectively, as well as 

gain, S11 ≤≤≤≤ -10 dB, and radiation pattern stability. Consequently, the compact size and high performance of 

the proposed antenna offers excellent opportunities for wearable or portable devices and other wireless 

communication systems. 

Keywords-wireless applications; monopole antenna; slot antenna; FR4; global system for mobiles 

I. INTRODUCTION 

In wireless communication systems, there are numerous 
applications of multi-band and dual-band antennas that play a 
vital role in facilitating efficient wireless communication 
between different devices [1]. These antennas operate in 
different frequency ranges and are designed to ensure seamless 
connectivity and enhance the overall wireless communication 
experience [2-4]. Among the various types of antennas, patch 
antennas remain the most commonly used in wireless 
applications [5, 6]. This is primarily due to their small size, 
cost-effectiveness, ease of fabrication, and compatibility with 
integrated circuits [7]. However, these devices have limitations, 
including singularity of resonance frequency, polarization 
impurity, enhanced physical dimensions, limited gains, low 
efficiency, and narrow impedance bandwidth [8, 9]. However, 
slot antennas are desirable, particularly in the case of planar 
antenna structures, for their multi-operating band antenna uses 
[10]. Moreover, such an antenna is an important element for 

microwave systems, due to its inherent characteristics in terms 
of wider bandwidths and covering less space [11, 12]. Modern 
antenna designs have emerged to satisfy specific application 
needs, including in-body, on-body, and sensor-based systems, 
and other requirements [13-15]. The first requirement for 
achieving these targets requires a full comprehension of the 
existing literature, which provides the necessary knowledge 
before developing further [16, 17]. 

Modern communication systems demand multiband 
antennas with desirable impedance matching and highly 
directive shapes across various frequency bands [18, 19]. 
However, antenna optimization has always been a subject of 
interest for researchers in wireless communication systems [20, 
21]. At every stage of optimizing an antenna, problems are 
encountered in obtaining performance in terms of gain, 
bandwidth, return loss, size reduction, and many other 
parameters as per the operational frequency of the antenna. In 
addition, a reduction in the size of the antenna often leads to a 



Engineering, Technology & Applied Science Research Vol. 15, No. 5, 2025, 26148-26155 26149  
 

www.etasr.com Algburi et al.: A Dual Band Monopole Antenna with Slots for Wireless Application 

 

reduction in its efficiency and gain [22]. Therefore, achieving 
smooth dual-band functionality while maintaining the desired 
radiation patterns is challenging. Moreover, antennas must 
overcome any neighboring networks that emit electromagnetic 
interference. They should also be designed to tolerate different 
operating circumstances and maintain durability and flexibility. 
These issues must be solved with advanced antenna designs 
and selective materials to enable a dependable communication 
in the crowded and diverse wireless environment [23]. 

The demand for dual or multiband features has risen 
significantly due to their use in wireless local area networks 
including Bluetooth, WLAN, and WiMAX and ISM 
applications. Modern communication standards require a 
single-antenna system that can handle all frequency bands 
because it provides coverage across multiple bands while 
minimizing the system size. Planar slot antennas have emerged 
as suitable systems for achieving broadband or multiband 
operations, enabling multiple standard service coverage. They 
also constitute potential solutions for achieving broadband and 
multiband operations for multi-standard services. Various 
techniques have been introduced to improve the microstrip slot 
antenna parameters for realizing multiband functionality. These 
include the use of metamaterials [24], parasitic elements [25], 
Defected Ground Structures (DGS) [26], and innovative 
feeding techniques [27]. 

This study introduces a strategy for incorporating small 
rectangular slots into an antenna construction to achieve a high-
gain dual-band radiating antenna. The antenna structure 
comprised a monopole with rectangular slots and a single wing.  
The small rectangular slots on the radiator adjunct are 
symmetrically arranged to provide dual-band functionality. The 
position of the monopole is carefully adjusted to achieve a 
resonant frequency of 1.8 GHz, and with the use of slot 
techniques, the dual-band is achieved. The antenna 
performance was analyzed using the CST Studio Suite, 
electromagnetic wave simulator. The antenna realized a return 
loss <-10 dB with stable radiating patterns and high gain at the 
desired frequency ranges of 1.8 and 2.4 GHz for wireless 
devices and ISM applications. 

II. RECTANGULAR SLOT ELEMENT 

The geometrical representation of the proposed slotted 
square patch antenna is shown in Figure 1. The proposed 
antenna comprised a copper square patch with dimensions of 
20 mm × 20 mm. The square area in the antenna design 
contains 4 slots of the same length (Ls = 5 mm) and width (Ws 
= 1.65 mm) based on the X and Y axes and 8 slots of the same 
length and width are cut off the edge of the square area. 

As depicted in Figure 1, the slots in the vertical (Y axis) 
direction cut the current running the same parameter to the X 
axis. Therefore, the TM100 mode is longer and has a lower 
resonance frequency. Similarly, the horizontal slots slice the 
current flowing along the Y-axis. The TM010 mode is longer 
and has a lower resonance frequency. For etched slots into the 
patch structure, the TM100 and TM010 are both influenced 
simultaneously and in the same way. This means that they have 
the same resonance frequency. As the dimensions of the slots 
Ls increase, the resonance frequencies decrease. Depending on 

the feeding mechanism, both types can be activated 
simultaneously or separately. As the length of the slots Ls 
increases, the resonance frequency (high frequency) drops 
faster. This is because the vertical and horizontal slots cut off 
the current of the TM110 mode. The modes resulting from the 
slots can be considered as deformed versions of those 
mentioned above. 

The slot technique is selected for this study because it is 
simple, easy to fabricate and operates well with the 
conventional Printed Circuit Board (PCB) technologies. Using 
the slot technique, complex fabrication processes or expensive 
production methods are avoided since it enables an easy 
modification of the ground plane or radiator to achieve dual 
resonances through current distribution manipulation. 

To study how the slot length Ls affects the resonant 
frequencies of TM100, TM010, and TM110, a 20 mm wide 
patch was used on a low-cost FR-4 substrate with a loss tangent 
of 0.025, a thickness of h = 1.6 mm, and a relative 
transmittance εr = 4.3. Figure 2 illustrates the influence of 
changing the slot length on the antenna performance. It is 
worth noting that the design, analysis, and simulation were 
performed using the CST 2019 software. As the slot length Ls 
increases, the resonant frequencies (high frequency) decrease 
because they are affected by the horizontal and vertical slots. 

 

 

Fig. 1.  The proposed design of the square patch with slots. All dimensions 

are in mm. 

 

 

Fig. 2.  Impact of varying slot lengths Ls on antenna performance. 

III. PROPOSED ANTENNA DESIGN 

Figure 3 portrays the geometric configuration of the 
proposed antenna. The proposed design consists of a 
conventional monopole and a single wing with a square 
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radiating element and a ground plane on the other side. The 
proposed antenna was developed to achieve two frequency 
bands that matched the required design. The square slot 
monopole antenna operates at 1.8 GHz and 2.45 GHz 
frequencies by precisely positioning the slots along with an 
optimum adjustment of the monopole location and dimensions. 
The antenna performance increased due to these modifications, 
which supported its ability to function smoothly at both 
frequency ranges. The development stages of the antenna are 
illustrated in Figure 4. The excitation and feeding mechanisms 
of the monopole were adjusted to improve impedance 
matching. In addition to introducing a single wing, the length 
and width of the single wing were modified to enhance the 
operating range and achieve suitable gains for wireless 
communication applications. The proposed antenna was 
designed based on the equations described in [28]: 

� = ����ℰ�		     (1) 

where the operating frequency is f = 1.8 GHz, c = 3×108 
 m/s is 

the speed of light in free space, L is the length of the monopole 
antenna, and εeff is the effective dielectric constant, which is 
given by: 

ℰ
�� = ℰ�
�� + ℰ���� � �
��
����

�   (2) 

where w is the width of the antenna trace, h is the thickness of 
the substrate, and εr = 4.3 is the dielectric constant of FR4. 

 

 

Fig. 3.  The geometric configuration of the antenna. 

IV. RESEARCH METHODOLOGY 

Several published research methods support the creation of 
miniature antenna designs that use metamaterials together with 
fractal patterns and meandering lines, and DGS for enabling 
multiple frequency functionality. Complex technological 
designs result in both higher production expenses and 
manufacturing limits that produce multi-dimensional 
advantages. The slot approach was chosen for the current 
distribution in dual-band functionality due to its basic structure 
as well as its simple manufacturing process. This method 
balances the performance outcomes with design intricacy and 
sustainable manufacturing capabilities to become applicable to 
actual world applications. 

The methodology to build the dual-band antenna utilizes 
systematic development steps designed to optimize 
performance at the target frequencies of 1.8 GHz and 2.4 GHz. 
The antenna was designed for use in portable devices and ISM 
band applications; therefore, it should provide consistent and 
reliable radiation characteristics. Figure 4 demonstrates the 
various phases of the antenna design method, and Figure 5 
shows the return loss for each stage of the proposed antenna 
design. 

 

 

Fig. 4.  The stages of the antenna design. 

The initially proposed design (Ant 1) consisted of a 
conventional monopole, a single wing printed on a dielectric 
substrate at the bottom, a patch element at the upper part, and a 
partial ground plane on the backside. The second proposed 
design (Ant 2) is a continuation of the initial design, with 
rectangular slots cut on the edges of the patch structure. The 
third design (Ant 3) involved engraving the patch structure 
with slots. The fourth proposed design (Ant 4) is the final 
improved version, which involves surrounding the patch 
structure with a hollow ring. The first design had a reflection 
coefficient of ∣S11∣ <-17 dB at 1.8 GHz, with an operating range 
of 1.75–1.9 GHz and an emerging band at 2.7 GHz. When the 
patch structure was deformed with rectangular slots, it was 
found to have significant effect, as the proposed design 
resonated at two modes (1.8 and 2.5 GHz). At the center 
frequency of 1.8 GHz, the antenna had an operating range of 
1.68–1.92 GHz and an operating range of 2.4–2.66 GHz at 2.5 
GHz. Using the demonstrated patch structure (Ant 3), the 
proposed antenna was found to resonate in two modes at 1.8 
GHz and 2.4 GHz when the slots were inserted into the patch. 
Nevertheless, matching, return loss, and radiation efficiency 
need to be improved. The performance of the antenna was 
enhanced in terms of the reflection coefficient, Voltage 
Standing Wave Ratio (VSWR), and impedance matching. The 
performance improvement is attributed to the introduction of 
the slots in the patch structure, and the introduction of a hollow 
square ring surrounding the patch to reduce losses and suppress 
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the unwanted surface waves. Introducing slots within the patch 
structure implies that the distribution and effective electrical 
properties of the radiator are adjusted to enhance the current 
distribution and, hence, improve the antenna radiation 
performance. 

 

 

Fig. 5.  The return loss for each stage of the proposed antenna design. 

The slots disrupt the current flow and create discontinuities 
while at the same time offering the possibility to increase the 
electrical length of the antenna without altering the size of the 
physical antenna. This change also improves the return loss and 
power transfer from the antenna to the transmission line, as 
characterized by an improved return loss. Furthermore, the 
slots remove the undesirable resonant frequencies and cut off 
the surface wave, which in turn leads to an enhancement in the 
radiation efficiency and bandwidth. Moreover, the size, shape, 
and location of the holes employed in the design of the antenna 
were adjusted to guarantee appropriate matching as well as 
frequencies appropriate for optimum operation. This technique 
is useful for providing a relatively straightforward and efficient 
way to enhance the characteristics of an antenna without major 
changes in its design. 

Figure 6 depicts the effect of varying the wing length on the 
antenna behavior. The wing dimensions varied from 12 to 16 
mm, with a 2 mm increment at each step. It was found that at a 
wing length of 12 mm, the impedance matching decreased 
slightly compared to a wing length of 14 mm. This is attributed 
to the fact that increasing the wing length increases the 
effective electrical length of the antenna. It was also noted that 
the operating bandwidth of the proposed antenna is narrower at 
a wing length of 16 mm at 1.8 GHz. Therefore, in order to 
achieve the best performance in terms of impedance matching, 
operating range, and transmission efficiency, the wing length 
was set at 14 mm. 

The implementation of the 1.8 GHz band enhances cellular 
phone systems that use GSM alongside LTE and specific 5G 
connections while providing a robust transmission and wide 
network reach. The 2.45 GHz band serves Bluetooth systems, 
multiple Wi-Fi (IEEE 802.11), RFID implementations, and 
industrial control applications, thus enabling a fast data 
exchange over short operating distances. The proposed antenna 
design combines 1.8 and 2.45 GHz bands into one platform, 
providing compatibility with smartphones, IoT devices, and 

wireless communication systems. The dual-band operation 
improves the communication reliability and versatility between 
mobile, industrial, and consumer networks. 

 

 

Fig. 6.  Effect of changing length wing on antenna performance. 

V. RESULTS AND DISCUSSION 

The proposed dual-band antenna design achieves resonance 
matching at two frequencies, as shown in the return loss 
analysis in Figure 7. The graph displays the ∣S11∣ (dB) relative 
to frequency through two notches, indicating a wide power 
reflection reduction. The antenna demonstrated efficient 
radiation while minimizing reflection at its first resonance point 
of 1.8 GHz and second resonance point of 2.4 GHz with return 
loss values below -10 dB. The operating bandwidths exist 
within the shaded regions, proving suitability for dual-band 
applications. The antenna achieves operating ranges of 1.65–
1.97 GHz at center frequency of 1.8 GHz (17.78%) and 2.3–
2.52 GHz at center frequency of 2.4 GHz (9.17%), enabling 
operation at these bands in modern communication systems. 
The results show that the proposed design functions as 
expected at the desired frequencies. 

 

 

Fig. 7.  Return loss analysis of the proposed antenna. 

The 3D radiation pattern of the proposed antenna operating 
at 1.8 GHz is presented in Figure 8a. The antenna achieved the 
highest gain of 2.045 dBi at 1.8 GHz, which reflects its 
directional energy concentration abilities. The radiation pattern 
had an omnidirectional monopole shape, although there were 
minor changes in gain at different angles. The antenna 
exhibited a radiation efficiency of -0.3342 dB with a total 
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efficiency of -0.3399 dB, indicating high energy transmission 
efficiency. The antenna efficiency was calculated using:  

������� ��� ! ��!"#$% = &'()*(+�)&*,-.+   (3) 

Alternatively, if the Gain #/%  and Directivity #0%  of the 
antenna are known: 

$ = 12     (4) 

In terms of decibels (dB), it can be expressed as:  

$34 = 10 × 89:�;#$% or $ = 10<)=>?   (5) 

Therefore, at 1.8 and 2.45 GHz, the antenna achieved 
radiation efficiencies of 92.59% and 96.75%, respectively. The 
antenna shows excellent performance at 1.8 GHz, where its 
stable radiation pattern makes it applicable for GSM, DCS, and 
various wireless communication applications. 

 

 
(a) 

 
(b) 

Fig. 8.  3D radiation patterns: (a) at 1.8 GHz, (b) at 2.45 GHz. 

Furthermore, the 3D radiation pattern of the proposed 
antenna at 2.45 GHz illustrates omnidirectional radiation 
capabilities achieving 4.07 dBi max gain according to Figure 
8b. The intensity levels appear as a color gradient, with the red 
areas representing high radiation strength. The antenna 
performance improves due to the optimized current distribution 
because the introduced gaps enhance the impedance matching, 

which results in better radiation performance. The designed 
modifications enable dual-band functionality without 
compromising the gain or efficiency, making the antenna 
appropriate for Wi-Fi and Bluetooth systems and wireless 
communication networks. 

Based on the radiation pattern analysis shown in Figure 
9(a), it is observed that the antenna exhibits omnidirectional 
characteristics at the H-plane. The radiation pattern at the E-
plane exhibits stability and smoothness, which is preferred in 
ISM applications. The 1.8 and 2.45 GHz 2D radiation patterns 
of the designed slotted antenna appear in Figure 9(b) under E-
plane (Phi = 0°) and H-plane (Phi = 90°) conditions. The far-
field radiation pattern in the E-plane (Phi = 0°) is shown by the 
red curve, and the H-plane (Phi = 90°) by the blue curve. The 
E-plane pattern at 1.8 GHz displays omnidirectional 
characteristics because the antenna generates uniform radiation. 
The H-plane pattern of the antenna exhibits a figure-eight 
shape, which indicates directional characteristics along with 
nulls located at 90° and 270°. The far-field radiation pattern at 
2.45 GHz displays the same form as lower frequencies, yet 
higher frequency levels make the main lobes more focused, 
which results in better gain capabilities. The airborne antenna 
directivity increases with frequency because it strengthens the 
wireless capability of the Wi-Fi and Bluetooth systems and 
mobile phone transmissions. 

The performance improvements were found to be 
significant in the proposed antenna, as the effect of the slots on 
the overall performance was greater. In addition, the slots 
enhance and provide more resonant frequencies that facilitate 
dual frequency operation at 1.8 and 2.45 GHz by increasing the 
electrical length of the patch while keeping the physical length 
the same. The results demonstrate that this technique improves 
the impedance matching by redistributing the surface current 
distribution and the feeding point, which leads to better power 
coupling and a lower returned power (indicated by the 
increased return loss). On the other hand, the slots also enhance 
the radiation pattern, since the radiated power is directed to the 
desired directions, increasing the directivity and the gain. 
Additionally, they aid in suppressing the undesired surface 
waves that are autonomous in the substrate as well as 
improving those related to the radiation intensity. Additionally, 
the slots can control the distribution of the prying field to 
optimize the resonance frequencies and generate design 
freedom to achieve a better optimization of the desired bands. 
These factors explain the improved dual-band performance, 
return loss, directivity, gain, and efficiency. 

However, the presence of rectangular slots in the antenna 
design substantially influences the surface currents in the 
construction of the proposed antenna. By integrating the slots 
surrounding the radiating element, it becomes feasible to 
control the distribution of the surface currents. The slots 
efficiently attenuate the undesired surface currents, minimize 
the mutual interference between the antenna elements, and 
improve the radiation properties by manipulating the 
propagation of electromagnetic signals. Therefore, the 
antenna's performance is enhanced, leading to a higher 
radiation efficiency, enhanced gain, and directivity. 
Furthermore, the slots can minimize the spread of the surface 
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waves and the influence of the neighboring ambient objects. 
This leads to an enhanced antenna isolation and system 
efficiency. Figure 10 shows the surface currents at 1.8 and 2.45 
GHz. 

 

 
(a) 

 
(b) 

Fig. 9.  2D radiation pattern analysis: (a) at 1.8GHz and (b) at 2.45 GHz. 

An analysis of the surface current density at the various 
bands used in the operation was conducted to gain a deeper 
understanding of the functioning of the proposed dual-band 
antenna. This analysis is illustrated in Figures 10(a) and (b). 
Figure 10(a) demonstrates that the highest current density is 
detected together with the stub length at 1.8 GHz. In the case of 
2.45 GHz, the flow of the electric current is mostly focused on 
the single wing and decreases the flow of the current at slots, as 
shown in Figure 10(b). Upon examining the flux plot at 
frequencies of 1.8 and 2.45 GHz, it can be seen that the 
interaction between the slots and the monopole line results in 
the emergence of two resonance frequencies occurring 
simultaneously. 

The studies listed in Table I demonstrate the performance 
comparison of the proposed antenna with other studies. In [29], 
a multi-band antenna for laptop applications was presented. 
This antenna consisted of a C-shaped strip and an F-shaped 
strip printed together on an FR-4 substrate. However, the 
frequency ranges achieved were narrow and the antenna 
dimensions were large (209 × 260 mm²). Authors in [30] 
presented a multiband antenna consisting of four S-shaped 

elements. The antenna system operated effectively in two 
frequency bands: a broadband covering 1.55–2.65 GHz and a 
narrower band covering 3.35–3.65 GHz. The antenna was built 
on an FR4 substrate measuring 58 × 60 mm². However, the size 
and design complexity limit its use in many applications. In 
[31], a reconfigurable triangular monopole antenna was 
proposed for GSM and ISM applications. The antenna was 
printed on a 40 × 50 mm² ROGERS 5880LZ substrate and 
achieved an operating range of 1.65–2.51 GHz, with a 
relatively low gain of approximately 2.2 dB. Authors in [32] 
presented a low-profile dual-band antenna for wireless sensor 
applications. The antenna operated at 1.8 and 2.4 GHz bands. 
The antenna was printed on a 45 × 32 mm² FR4 substrate, and 
the design parameters were studied to optimize the antenna 
performance. However, the antenna achieved a weak gain of 
1.6 and 1.8 dBi at both frequency bands. 

 

 
(a) 

 
(b) 

Fig. 10.  Surface currents: (a) surface current concentration at 1.8 GHz, (b) 

surface current concentration at 2.45 GHz. 

The proposed antenna exhibits an enhanced performance 
relative to that of other antennas, facilitating the dual-band 
operation, superior impedance matching, and increased gain. In 
contrast to traditional designs, the integration of slots and 
ground changes enhances the radiation efficiency while 
preserving compactness. These enhancements make it more 
appropriate for wireless applications compared to earlier 
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antennas characterized by a restricted bandwidth or suboptimal 
efficiency. 

TABLE I.  EVALUATION OF THE PROPOSED ANTENNA 
AGAINST CONTEMPORARY TECHNOLOGY 

Ref Sub Size (mm2) Antenna type 
Resonance 

frequencies (GHz) 

Gain 

(dB) 

[29] FR-4 209 × 260 C-shaped 1.8 and 2.4 
4.4 and 

4.75 

[30] FR-4 58 × 60 S-shaped 1.9 and 3.5 
2.2 and 

3.8 

[31] ROGERS 40 × 50 triangular 1.75 and 2.25 2.2 

[32] FR-4 45 × 32 PIFA 1.8 and 2.4 
1.6 and 

1.8 

[33] FR-4 48 × 48 Slotted patch 1.73 and 2.53 
-3.8 and 

1.9 

 This 

work 
FR-4 50 × 45 Slotted patch 1.8 and 2.45 2 and 4 

 

VI. CONCLUSIONS 

A new slotted monopole antenna was designed and 
developed to achieve good performance in the two desired 
frequency bands of 1.8 and 2.4 GHz. The proposed antenna 
was printed on an FR4 dielectric substrate with an overall size 
of 50 × 45 × 1.6 mm3. The incorporation of rectangular slots in 
the radiating part and partial etching of the ground plane 
facilitate the impedance matching and optimal performance 
over the desired bands of operation. The antenna achieved a 
wide operating range of 1.65–1.97 GHz at a center frequency 
of 1.8 GHz, representing 17.78%, whereas at a center 
frequency of 2.4 GHz, the operating range was 2.3–2.52  GHz, 
representing 9.17%. Compared with modern designs, the 
proposed dual-band slotted patch antenna exhibits a better 
trade-off between compactness and performance. With a 50×45 
mm² footprint and 2 dB and 4 dB gains at 1.8 and 2.45 GHz, 
respectively, it exceeds the performance of several other 
antennas in terms of size, efficiency, and gain. For example, it 
has greater gain than the PIFA in [32] and the slotted patch in 
[33] but with similar dual-band operation to larger designs [29].  

The main achievement of this study is the development of a 
miniature dual-band monopole antenna that delivers high 
performance by using slots and Defected Ground Structures 
(DGS) strategies. The proposed antenna maintains a flat 
configuration and one-layer format, which allows standard 
Printed Circuit Board (PCB) manufacturing. The design blends 
physical dimensions with impedance range and gain 
capabilities very well for wireless systems, depending on small 
antennas with good efficiency levels and excellent impedance 
matching. As a result, the proposed design offers a new 
structure and a well-balanced solution that provides a workable 
substitute for small, dual-band wireless systems. 

These results emphasize the novelty and applicability of the 
proposed design for wireless applications. Future work can 
focus on reducing the size, incorporating other parts, such as 
the electromagnetic bandgap, and improving its suitability for 
other frequencies to enhance its applicability. Finally, this 
research proves that the use of creative geometric alterations 

together with pragmatic engineering solutions can yield better 
antenna performance. 
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