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ABSTRACT: This paper introduces a novel compact microstrip-fed ultra-wideband (UWB) antenna, characterized by its unique square
patch design and integrated parasitic circular patch for frequency band rejection. The antenna, fabricated on an FR4 substrate, exhibits
dimensions of 0.17λg × 0.17λg , optimizing space without compromising performance. A significant innovation of this design is the
incorporation of a parasitic circular patch with a carefully optimized radius of 0.02×λg mm, achieving a remarkable return loss of−43 dB
at 3.55GHz, while frequencies ranging from 5.43 to 7.1GHz exhibit significant notching. This feature effectively eliminates unwanted
frequency bands, enhancing the antenna’s application in UWB systems. Comprehensive analysis demonstrates that the antenna maintains
an omnidirectional radiation pattern and achieves a desirable gain, making it highly compatible with a variety of UWB-enabled devices.
The integration of the parasitic circular patchwithin the compact design not only improves the antenna’s spectral purity but also contributes
to its practical applicability in modern wireless communication systems. The findings underscore the potential of this antenna design in
advancing UWB technology applications, offering a balance among compactness, efficiency, and performance.

1. INTRODUCTION

Ultra-wideband (UWB) technology [1–3], defined by its op-
eration over a wide spectrum of frequencies typically rang-

ing from 3.1 to 10.6GHz, represents a significant advance-
ment in wireless communication. Characterized by its high
data transmission rates, minimal emission power, and cost-
efficiency, UWB has emerged as a pivotal solution for nu-
merous applications requiring rapid data exchange and low-
power operation [4, 5]. The genesis of UWB can be traced back
to military and radar applications, with its evolution marked
by significant milestones that have expanded its utility into
civilian domains such as asset tracking, through-wall imaging,
and short-range communications. This broad-spectrum utiliza-
tion enables UWB systems to achieve fine temporal resolution,
making them exceptionally suited for applications demanding
precise positioning and timing capabilities [6, 7].
The adoption of UWB technology has been further propelled

by its integration into various commercial and industrial appli-
cations, ranging from wireless peripherals and home entertain-
ment systems to automotive radar and smart home technolo-
gies [8, 9]. This diversification has been driven by UWB’s in-
herent advantages, including its ability to coexist with exist-
ing narrowband and carrier-based systems without causing in-
terference, courtesy of its low emission levels. Furthermore,
the technology’s resilience to multipath fading and penetration
capabilities through obstacles has rendered it indispensable in
complex environments, promoting seamless connectivity and
enhanced user experiences.
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Despite its vast potential and growing list of applications, the
deployment of UWB technology faces challenges, particularly
in the realm of antenna design and manufacturing. The need to
mitigate interference from other bands, such as those used by
WLAN (5.15–5.825GHz) and WiMAX (5.25–5.85GHz) sys-
tems, has necessitated the development of antennas with band-
notched features [10–12]. Traditional approaches often resulted
in complex structures that were not only difficult to manufac-
ture but also costly. However, recent advancements have led to
innovative solutions that simplify the antenna design, reduc-
ing manufacturing complexities and costs while maintaining
performance efficacy. The evolution of manufacturing tech-
niques, including printed monopole antennas with vertical cou-
pling strips, signifies a notable shift towards more efficient,
cost-effective, and compact designs, facilitating the broader
adoption of UWB technology across various sectors. This pa-
per delves into such advancements, highlighting the critical role
of simplified yet effective antenna designs in overcoming man-
ufacturing hurdles, thereby ushering in a new era of UWB ap-
plication and development [13, 14].

2. DESIGN OF A SQUARE PATCH UWB ANTENNA
WITH INTEGRATED PARASITIC CIRCULAR PATCH
FOR ENHANCED FREQUENCY SELECTIVITY
The innovative design of the UWB antenna introduced in
this work is predicated on a square patch geometry integrated
with a parasitic circular patch, fabricated on a 0.01λg thick
FR4 substrate. The substrate’s choice is critical, character-
ized by its dielectric constant (ϵr) and loss tangent (δ), pa-
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FIGURE 1. Schematic of the UWB antenna featuring an integrated par-
asitic circular patch for precision frequency control.

FIGURE 2. Detailed schematic of the UWB antenna featuring an inte-
grated parasitic circular patch for precision frequency control.

rameters essential for determining the antenna’s performance
in UWB applications. This design, shown in Figures 1 and 2,
leverages a 50Ω microstrip line for feeding, with a width of
0.04λg mm, ensuring optimal impedance matching across the
UWB spectrum. The antenna’s dimensions are compact, mea-
suring 0.17λg×0.17λg , with a ground plane preciously selected
to be 0.15λg mm in length and of adequate width to support the
UWBoperationwhilemaintaining aminimal footprint. Dimen-
sions of the proposed design are given in Table 1.

TABLE 1. Parameters and values.

Parameter w1 w2 w3 w4

Value 0.17λg 0.15λg 0.04λg 0.34λg

Parameter l1 l2 l3 l4

Value 0.09λg 0.15λg 0.40λg 0.17λg

Parameter p q r

Value 0.04λg 0.014λg 0.02λg

Figure 1 illustrates a microstrip patch antenna design with a
circular parasitic patch. The antenna consists of a copper ra-
diating element (orange) on a dielectric substrate (green). The
radiating element has a unique slotted geometry, resembling a
square with four protruding arms, each with a circular notch cut
out. This feature is not merely aesthetic but serves a pivotal role
in the antenna’s functionality. The patch introduces a mecha-
nism for fine-tuning the S-parameters, particularly beneficial
for mitigating interference and enhancing the selectivity of the
antenna across its operational bandwidth. The design facilitates
the adjustment of the patch’s radius, offering a versatile tool for
manipulating the antenna’s resonant frequency and achieving
desired rejection bands within the UWB range.

The rectangular patch serves as a fundamental shape for var-
ious types of microstrip antennas. Its resonant frequency can
be expressed as [15]:

fr =
c0

2 (L+ 2∆W )
√

εe(W )
(1)

where:

fr : Resonant frequency of the rectangular patch antenna
c0 : Speed of light in a vacuum
L : Effective length of the patch antenna
εe(W ) : Effective dielectric constant
∆W : Extension in length due to the fringing effect,

dependent on the widthW

Additionally, the radius r refers to the radius of the patch. Un-
derstanding fr is essential for optimizing antenna performance,
ensuring efficient signal transmission, and minimizing signal
losses. This equation is crucial for determining the appropriate
cable dimensions and operational frequency range.
The shape of the slot in the patch significantly impacts the an-

tenna’s impedance matching, bandwidth, and notching charac-
teristics. In this design, a circular shape was selected due to its
ability to provide a good balance among these parameters. The
circular slot aids in achieving a low return loss at 3.55GHz by
effectively tuning the resonance frequency, thus improving the
overall impedance matching of the antenna. The slot shape also
affects the current distribution on the patch, which in turn influ-
ences the bandwidth. The circular slot design has demonstrated
an appreciable bandwidth suitable for UWB applications. Ad-
ditionally, the pronounced notching from 5.43 to 7.1GHz is pri-
marily due to the presence of the circular slot, which creates a
band-stop filter effect. This notching is beneficial for avoiding
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(a) (b)

FIGURE 3. Findings: Variations in return loss across various design parameters for enhancing stopband performance. (a) Variation in base width of
the patch. (b) Variation in parasitic circular patch element radius.

interference with other signals, such as those from WLAN and
other communication systems.
Simulations with different slot shapes (rectangle, ellipse, and

cross) indicated that the circular slot provided the best over-
all performance in terms of return loss, bandwidth, and notch-
ing characteristics. The circular slot resulted in a more uni-
form current distribution and fewer spurious resonances, which
are advantageous for maintaining stable performance across the
UWB range. The dimensions of the circular slot (radius and
position) were optimized using advanced simulation software,
with parametric studies determining the optimal values. Exper-
imental validation showed that the measured results confirmed
the simulated performance, thus validating the choice of the cir-
cular slot. The return loss and notching characteristics were
consistent with design predictions.
Furthermore, the design’s efficacy and the impact of the par-

asitic circular patch on the antenna’s performance were vali-
dated through comprehensive simulation using the High Fre-
quency Structure Simulator (HFSS) software. This involved
an iterative process of adjusting design parameters, including
the patch’s radius r, to refine the antenna’s impedance band-
width and achieve optimal S-parameter profiles. The simula-
tion results confirmed the antenna’s ability to selectively fil-
ter out undesired frequencies while maintaining a broad opera-
tional bandwidth, a testament to the design’s effectiveness.
The prototype’s construction was guided by these optimized

parameters, resulting in an antenna capable of superior per-
formance in UWB applications. The integration of the para-
sitic circular patch within the square patch not only underscores
the antenna’s innovative design but also exemplifies a practical
approach to achieving enhanced frequency selectivity and in-
terference mitigation in compact UWB systems. This design
strategy, supported by both theoretical and empirical analyses,
paves the way for the development of highly efficient, tunable
antennas suited for the ever-expanding sphere of UWB appli-
cations.

3. RESULTS AND DISCUSSION
An evaluation was conducted to assess the performance of the
proposed UWB antenna design. Utilizing advanced simulation
software, the antenna’s characteristics were analyzed and com-
pared with measured results. The dimensions of the parasitic
circular patch and its base width were determined through it-
erative parameter adjustments to achieve optimal performance.
Several design parameters were systematically varied and eval-
uated to ensure that the antenna produced the desired output
characteristics. These variations, as illustrated in Figure 3(a)
for base width (l2) of the patch and Figure 3(b) for parasitic
circular patch element radius, demonstrate their impact on key
metrics such as return loss, crucial for enhancing stopband per-
formance across different operational scenarios.
Utilizing HFSS, an in-depth exploration was conducted on

the stopband characteristics across varying radius (r) of the par-
asitic circular patch. The simulation outcomes, depicted in Fig-
ure 3, reveal that the stopband frequency range can be adeptly
tuned between 4.85 and 7.28GHz.
Figure 4 presents a comprehensive depiction of the return

losses across varying frequencies. The outcomes demonstrate
a commendable level of agreement between the simulation
predictions and the measurements. Notably, the measured
impedance bandwidth, characterized by a 10 dB return loss,
spans across the band, effectively excluding the frequency
range of 5.43–7.10GHz. This deliberate exclusion mitigates
potential interference effects, enhancing the antenna’s re-
silience in complex frequency environments. To go deeper
into the band-notched feature, a thorough examination of the
surface current distribution was performed at the frequency of
3.55GHz for the antenna design.
The observed shift in the lower edge of the acclaimed notch

frequency from 5.43GHz in simulation to 5.9GHz in measure-
ment is likely attributed to a combination of factors inherent in
the transition from theoretical modeling to physical realization.
Parasitic effects, arising from the packaging, soldering, and lay-
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FIGURE 4. Analysis of return loss: Simulated & measured results of the antenna prototype.

(a) (b)

FIGURE 5. Comparison of surface current distributions (Jsurf) on the structure at (a) at frequency of 3.55GHz (b) at frequency of 6.27GHz.

out of the device, introduce additional capacitance and induc-
tance not fully accounted for in the simulation. These parasitics
can alter the resonant behavior and shift the notch frequency.
Furthermore, slight deviations in the dielectric constant and loss
tangent of the substrate material between the simulation and
actual device can affect signal propagation and contribute to
the frequency discrepancy. Fabrication tolerances, leading to
variations in component dimensions, also play a role in modi-

fying the effective capacitance and inductance, thus impacting
the resonant frequency. While careful modeling and calibration
procedures aim to minimize these discrepancies, the inherent
complexities in translating simulations to physical devices of-
ten lead to observable shifts in critical parameters such as the
notch frequency.
As illustrated in Figure 5, a discernible enhancement in res-

onance is observed surrounding the coupling strip compared to
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FIGURE 6. Gain versus frequency for the single element design.

  

FIGURE 7. Anritsu MS46122B compact USB vector network analyzer:
S-parameters measurement set-up.

FIGURE 8. Fabricated proposed antenna prototype. FIGURE 9. Radiation pattern measurement setup for proposed an-
tenna prototype.

the conventional square slot patch configuration. This observa-
tion underscores the efficacy of our design in achieving robust
frequency rejection characteristics. This direct visual compar-
ison of the behavior at both frequencies highlights the distinct
patterns associated with the resonance phenomenon, providing
a clearer understanding of the surface current behavior.
As far as the effectiveness of the notch is concerned, we have

conducted a thorough analysis of the realized gain within the
stop band. Figure 6 demonstrates the gain versus frequency
characteristics of our design. As shown, there is a significant
reduction in gain within the 5.43–7.1GHz stopband, indicating
effective suppression of unwanted frequencies. This substantial
drop in realized gain confirms the effectiveness of our notch,
even with the S11 value being −7 dB.
The measurement setup for evaluating the proposed antenna

prototype utilizes advanced instrumentation, including the An-
ritsu MS46122B Compact USB Vector Network Analyzer for
precise S-parameters assessment as shown in Figure 7. Con-
currently, the fabricated antenna prototype is visually repre-
sented in Figure 8, showcasing its structural details and com-
pact form factor optimized for practical deployment in com-
munication systems. The antenna’s radiation pattern is also an-
alyzed using dedicatedmeasurement configurations as depicted
in Figure 9, ensuring comprehensive characterization of its di-
rectional properties and spatial coverage capabilities. These se-
tups are carefully calibrated to maintain measurement accuracy,

crucial for validating the antenna’s performance across speci-
fied frequency bands and operational scenarios.
Figure 10 presents the simulated and measured far-field ra-

diation patterns in the E-plane and H-plane at a frequency of
3.55GHz. The results depict nearly ideal omnidirectional pat-
terns in the H-plane, suggesting strong consistency between
simulation and measurement. In the E-plane, the patterns ex-
hibit a bidirectional tendency, indicating effective radiation
characteristics. This comprehensive analysis underscores the
antenna’s capability to achieve extensive and uniform cover-
age, crucial for UWB system operations.
Within the passband, the antenna’s gain stabilizes at 5 dB.

As expected, a decrease in both gain and efficiency is evident
within the stopband. These simulations highlight the poten-
tial to achieve superior antenna performance in practical appli-
cations, especially when utilizing a low-loss substrate during
the design phase, thereby enhancing the antenna’s efficacy for
UWB applications.
Table 2 showcases a comparison of performance metrics be-

tween our proposed method and existing filters. Notably, the
emphasized values indicate that our approach surpasses others
in the field by securing higher S11.
It is imperative to highlight that optimal stopband perfor-

mance for the parasitic circular patch is attainedwhen the radius
is adjusted between λg/100 and λg/50.
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TABLE 2. Comparison of performance metrics between different antenna designs

Reference Size S11 Notch Band (GHz) Peak Gain (dB) Substrate Material

[16] 0.40λg × 1.40λg 20 dB 3.3–3.6 10 F4B-M

[17] 0.59λg × 0.54λg 25 dB 5.1–5.95 5 FR-4

[18] 0.26λg × 0.19λg 20 dB 4.32–5.96 4.8 FR-4

[19] 0.70λg × 0.80λg 30 dB 5–6.1 11 TLX-9

[20] 0.19λg × 0.13λg 23 dB 5–5.6 4 FR-4

[21] 0.32λg × 0.42λg 33 dB 5.2–5.7 5.9 FR-4

[22] 0.34λg × 0.34λg 30 dB 3.76–5.90 5 FR-4

[23] 0.11λg × 0.19λg 45 dB 4.59–5.82 4.93 RT5880

This work 0.17λg × 0.17λg 43 dB 5.43–7.1 5 FR-4

FIGURE 10. Simulated & measured radiation patterns of the proposed antenna prototype.

Moreover, the analysis indicates that variations in the stop-
band have minimal impact on the antenna’s performance within
its operational bandwidth, thereby ensuring consistent radia-
tion efficacy. This attribute of the antenna significantly miti-
gates the challenge of frequency shift, a critical consideration
when integrating the antenna into portable devices as an inter-
nal component. This capability addresses a pivotal issue associ-
ated with frequency displacement, facilitating the antenna’s in-
tegration into compact electronic devices without compromis-
ing performance.
Our current single element design represents the first step

towards developing a comprehensive antenna system. We plan
to translate this single element model into linear or planar ar-
ray configurations. When upscaled to an array of antennas, we

anticipate improved performance parameters due to the com-
bined effects of multiple elements. The array design will ben-
efit from better material utilization, optimized element separa-
tion, and mutual coupling effects, leading to enhanced notch
performance and overall antenna characteristics.

4. CONCLUSION
In conclusion, the design and implementation of the UWB an-
tenna with an integrated parasitic circular patch represent a sig-
nificant advancement in wireless communication technology,
backed by careful optimization and rigorous analysis. The an-
tenna achieves a notable return loss of −43 dB at 3.55GHz,
effectively mitigating frequencies from 5.43 to 7.1GHz with
pronounced notching. This capability underscores its practi-
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cal applicability in UWB systems, addressing the challenge
of unwanted frequency bands with precision. Through care-
ful parameter tuning and simulation using HFSS software,
the antenna maintains an omnidirectional radiation pattern and
achieves a desirable gain, essential for compatibility across var-
ious UWB-enabled devices.
Experimental validation further substantiates the antenna’s

superior performance, reinforcing its potential for diverse wire-
less communication applications. Moreover, the integration of
the parasitic circular patch enhances the antenna’s spectral pu-
rity, contributing to its efficiency and functionality in practical
scenarios. This design not only offers a cost-effective solution
for manufacturing but also meets rigorous industry standards,
positioning it as a promising candidate for future wireless com-
munication technologies.
Importantly, simulated results have been carefully matched

with measured ones in all aspects, validating the accuracy and
reliability of the antenna design. As research and development
continue to refine this antenna design, the focus will be on
adapting it to evolving industry needs, ensuring its continued
growth and integration into the expanding landscape of wire-
less communications.
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