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Arastirma Makalesi
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Makale Tarihgesi: Bu ¢aligmada, K ve Ku bantlarinda ¢alisacak sekilde dairesel bir mikroserit
Eggﬁut?:r}.lﬁ.g%igi%zzg yama anteni tasarlanmustir. Istenilen frekans araligi, kusurlu toprak yapisi
Online Yayl-nla.nm.a:()9.09.2026 (DGS) teknigi kullanilarak elde edilmistir. Onerilen anten 30 x 35 x 0.8

mm3'lik kompakt bir boyuta sahiptir ve Rogers 5880 alt tabakasiyla simiile

edilmigtir. Simiilasyon sonuglar1 Onerilen antenin genis bant performansi
gosterdigini ve 12 GHz ile 22 GHz arasindaki frekans araligini kapsadigini

Roger5880 . . C e e . . . .

Kusurlu toprak yapist (DGS) gostermektedir. Bant genlshgl iyilestirmesi, yarim diizlem toprak yapist

K-bant kullanilarak elde edilmistir. Anten parametreleri, uygun tasarim yontemleri

Ku-bant kullanilarak dikkatlice optimize edilmistir.

Anahtar Kelimeler:

Design of a Circular Patch Microstrip Antenna for K- and Ku-Bands Applications

Research Article ABSTRACT

Article History: In this work, a circular-shaped microstrip patch antenna is designed for operation
Received: 09.09.2025 in the K and Ku bands. The desired frequency range is achieved by employing
Accepted: 30.12.2025 .
Published online:09.09.2026 the technique of Defected Ground Structure (DGS). The proposed antenna has a

compact size of 30 x 35 x 0.8 mm? and is simulated with Rogers 5880 substrate.

Simulation results show that the proposed antenna exhibits wide-band

Keywords:

Roger5880 performance and covers the frequency range from 12 GHz to 22 GHz.

Defected ground structure (DGS) Bandwidth enhancement is realized by incorporating a half-plane shaped ground

Ebzﬂdd structure. Antenna parameters are carefully optimized using appropriate design
u-pan

methods.

To Cite: Hivehchi H. Design of a Circular Patch Microstrip Antenna for K- and Ku-Bands Applications. Osmaniye Korkut
Ata Universitesi Fen Bilimleri Enstitiisii Dergisi 2026; 9(4): 2354-2368.

1.Introduction

The continuous growth of wireless communication systems has driven substantial interest in the
development of compact and wideband antenna structures. Among these, microstrip patch antennas
stand out due to their lightweight form, ease of manufacturing, low profile and compatibility with
integrated microwave circuits. These features make them highly suitable for modern broadband and
high-data-rate applications, especially in systems requiring efficient spectrum utilization and compact

integration. High data rates, improved spectral efficiency, and large bandwidth are essential to demands
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of wireless communication systems generation in future (Alsath and Kanagasabai, 2015). Microstrip
slot antennas are considered promising candidates for Ultra-Wideband (UWB) applications due to their
low profile, low cost, lightweight structure, and ease of integration with Monolithic Microwave
Integrated Circuits (MMICs) (Karamzadeh and Mesut, 2014; Karamzadeh and Rafii, 2015).

In efforts to enable short-range, high-speed wireless connectivity, regulatory authorities have designated
specific frequency bands for Ultra-Wideband (UWB) communication. Notably, in 2002, the FCC
authorized the 3.1 GHz to 10.6 GHz range for UWB usage, targeting applications that demand high
throughput over short distances. These include indoor wireless multimedia transmission, medical
telemetry, and sensor networks operating with minimal interference to narrowband systems.
Additionally, the X-band (8-12 GHz) and Ku-band (12-18 GHz), as defined by IEEE standards, are
widely utilized in communication systems. The X-band finds applications in satellite communications,
weather radar, defensive tracking, maritime vessel control, and speed detection systems. Similarly, the
Ku-band is extensively used in fixed satellite services (FSS) and other satellite communication
applications.

Several studies have explored innovative techniques to improve antenna bandwidth. In (Saha, 2019), a
wideband response was achieved using a slotted circular patch along with a slotted ground structure. In
(Suman, 2021), a novel bandwidth enhancement technique based on mode analysis was introduced,
enabling a patch antenna to support more than three resonant modes. In (Devana, 2021), a flower-shaped
antenna was proposed for UWB, C-band, X-band, and Ku-band applications, offering dual-band notch
characteristics across 3.45 GHz to 18.5 GHz.

UWSB technology is currently a focus of intense research due to its ability to deliver high-speed wireless
interconnectivity for devices in close proximity. It supports the wireless transmission of video, audio,
and high-bandwidth data over short distances (up to 10 meters), making it a preferred technology for
eliminating cables in personal and professional device environments. UWB complements longer-range
wireless technologies like Wi-Fi, WiMAX, and cellular networks by providing high-speed links over
short distances (Rahayu, 2008).

The antenna presented in this work operates in the K and Ku bands and serves as a strong candidate for
a wide range of applications, including radar systems, satellite communications, and 5G cellular
networks. A comparison of performance with existing designs is provided in Table II.

This work presents the simulated of a microstrip patch antenna developed using a Rogers RT/Duroid
5880 substrate with a thickness of 0.8 mm. The antenna features a compact structure with overall
dimensions of 30 x 35 x 0.8 mm?.

The radiating element consists of a circular patch with a semicircular slot, while the ground plane is
designed in a half-plane rectangular shape, forming a Defected Ground Structure (DGS). The
introduction of DGS plays a crucial role in extending the antenna’s operational range into the

ultrawideband (UWB) spectrum (Guo and Min, 2019; Arnab, 2022). To further enhance the impedance
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bandwidth, a rectangular notch is etched into the ground plane—this modification is discussed in more

detail in section 2 and 3.

2. Antenna Design Process

This section is organized into four parts, detailing the step-by-step design process of the proposed
antenna. Throughout all design stages, the antennas are fabricated on a Rogers RT/Duroid 5880
substrate, which features a relative permittivity €,.=2.2 and a loss tangent tan6=0.0009. The feedlines
are designed with a characteristic impedance of 50 Q to ensure seamless integration with standard SMA
connectors for measurement and testing (Balanis, 2005).

After than the rectangular patch, the next most widely used shape is the circular patch or disk. This
structure has received significant attention not only as a single radiating element but also in array and
broadband applications due to its compact size and symmetrical radiation characteristics. (Balanis.,
2005).

In order to calculate the operating frequency of the circular patch antenna, the fundamental resonance
mode TMu: must first be considered. The resonance frequency for this mode can be expressed as
follows:

Resonance Frequency of Circular Patch Antenna presented as (Eql): (Balanis, 2005):

Equationl:
(__F
"7 2mRyE,
F=1.8412C

f.: Resonance frequency (Hz)

C: Speed of light 3x10% m/s

R: Radius of the circular patch (m)

€. Relative permittivity of the substrate

1.8412: The first root of the derivative of the Bessel function (mod TMi»)

F: dimensionless mode constant (F = 1.8412), while the speed of light, C, is an independent physical
constant included in the formulation of the resonance frequency.

Circular microstrip antennas exhibit resonant behavior governed by electromagnetic boundary
conditions, which are typically formulated using the Helmholtz equation in cylindrical coordinates. The
solution of this equation leads to field distributions described by Bessel functions. For the dominant
TMi1 mode, resonance occurs at the first zero of the derivative of the Bessel function of the first kind,
corresponding approximately to the value 1.8412. This root is fundamental in calculating the patch
radius required for a desired operating frequency. The resulting field distributions are expressed in terms

of Bessel functions, which naturally arise in the solution of the wave equation under circular symmetry.
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The resonance frequencies of a circular patch antenna are determined by the zeros of the derivative of
Bessel functions. Specifically, for the dominant TM.: mode, the resonance occurs when the first zero
of the derivative of the Bessel function of the first kind J1'(x) is satisfied:

J1'(x)=0 The first root of this equation is approximately 1.8412, which is used in calculating the
fundamental resonance frequency of the circular patch antenna. Jn'(x)=0 is used for the TM11 mode. The
first root of this equation is approximately 1.8412. The value 1.8412 is the first root obtained for the
fundamental resonance mode TM: of the circular microstrip antenna, and it corresponds to the first zero

of the derivative of the Bessel function. or more commonly presented as (Balanis, 2005):

[ _1ssizc
"7 2mRyE,
In this formula c is the speed of light in vacuum or free space, R is the radius of the circular patch, and

€efr IS the effective permittivity of the microstrip line which can be approximated as in (Eq.2) (Balanis,
2005).
Equation 2:

e+1 eg-1 10h
Eeff = r2 + r2 (1+T)_1/2

Here, €, is the relative electrical permittivity of the substrate and h is the substrate height. If we the

effective permittivity is substituted into the formula for resonance frequency, the following can be
obtained as in (Eq.3) (Balanis, 2005):
Equation 3:

C

Er+1  &r—1 10h -1/2
ZnRJ >t (1+R)

f=

One can simply find the radius of the patch using the equation given below, as in (Eg.4) (Balanis, 2005):
Equation 4:

- _C [&*1 | &l 10hy_1/2
2nf+ 2 +-A+3)

To ensure that the antenna operates at the desired resonance frequency, the radius of the circular patch
must be appropriately calculated. Given that R represents the patch radius and h the substrate thickness, the
effective radius can be determined based on the target resonance frequency and the relative dielectric
constant of the substrate. This relationship is described by the following equation:

Eq. (5) (Balanis, 2005).

Equation5:

J1+n§r’F[ln(;—D+1.7726]
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3. Antenna Design

The antenna design follows a stepwise refinement process:

3.1. Antenna I:

The initial simulated configuration of the proposed antenna is illustrated in Figure 1(a) (Hemrah and
Karamzadeh, 2016; Sakshi and Jitesh, 2020). At this stage, the primary objective was to adjust the
reflection-coefficient response to achieve an appropriate match with a 50 Q feedline. At this stage, the
primary objective was to adjust the impedance bandwidth to achieve an appropriate match with a 50 Q
feedline. The antenna I design and its performance analysis were conducted using ANSYS HFSS,
version 16. For the preliminary design, the substrate dimensions were set to a width W=30 mm, L = 35
mm, and height h=0.8 mm. The simulation was initially performed using a simple circular patch placed
centrally along the feedline, as shown in Figure 1. In this initial configuration the feed line length was
set to L; = 10.6mm and the patch radius to R = 8.5mm.” The simulated reflection coefficient S11
results corresponding to this configuration are shown in Figures 1(a) and (b). However, the initial Si:
response did not meet the desired performance criteria, and Antenna I resonated only at 13.7 GHz with
a minimum reflection coefficient of —16.95 dB thereby indicating the need for further optimization of
the antenna | design.

W XY Plot1 -FSSﬂ-s:n -
L
Antl
L = e — sy
(@) (b)
Figure 1. (a) Configuration of the Antenna | (b) S11
3.2. Antenna ll:

Based on our previous work and numerous studies in the literature on microstrip antennas, we decided
to include a semicircular extension connected by a narrow strip within the patch, as shown in Figure 2.
In this configuration, the semicircle radius was set to R, = 8.24 mm, the strip width to W; = 5 mm, and
the strip lengthto L, = 1 mm.

Following these design changes, a slight improvement in the Su: characteristic was observed at 13.7
GHz, where the reflection coefficient dropped to-21.65 dB. Therefore, we continued to refine the design
by adding several grooves to the semicircular section to achieve further improvements, as shown in the
last step (Karamzadeh and Hemrah, 2017; llkin et al. 2018)
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Figure 2. (a) Configuration of the antenna Il (b) S11
3.3. Antenna IlI:

In the third stage of the design process, the reflection coefficient S11 was significantly improved by
introducing gaps adjacent to the feedline and embedding five semicircular slots into the radiating patch.
The configuration of this modified antenna Il (referred to as Antenna II) and its corresponding
simulation results are depicted in Figure 3 shows the antenna configuration. As shown in the Si: graph
in Figure 3(b), the proposed antenna has an impedance bandwidth below -10 dB. The antenna resonates
at 13.0 GHz, 18.1 GHz, 19.6 GHz and 20.6 GHz with corresponding reflection coefficients of -19.35
dB, -24.23 dB, -16.07 dB and -13.42 dB, respectively.

(a) (b)
Figure 3. (a) Antenna design I11. Front view (Left side), back view (Right side), (b)S11
3.4. Antenna 1V:
In the fourth design stage, The ground plane is truncated on both sides. These changes were implemented
with the aim of further enhancing the reflection coefficient (S11 ) performance. The configuration of
this revised antenna IV, Figure 4 presents the corresponding simulation results, where a strong resonance
is observed at 16.9 GHz with an Si1 magnitude of —32.14 dB.

(@) (b)
Figure 4. (a)Antenna 1V design. Front view (Left side), back view (Right side),(b)S11
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3.5. Antenna V:

In the final design iteration, a rectangular shaped modification was incorporated into the ground plane,
along with additional stepped features on both the ground and the radiating patch. These enhancements
led to a notable improvement in the reflection coefficient (S11) performance. The configuration and
simulation results of the optimized antenna V at this stage are shown in Figure 5. presents the complete
single-element antenna V structure, including both front and back views, while the optimized design
parameters are summarized in Table I.

A comprehensive review of recent literature indicates that the proposed antenna design demonstrates
superior performance compared to many existing works, particularly in terms of impedance bandwidth,
reflection coefficient (S11), and gain. In addition, the physical dimensions of the antenna have been
significantly reduced relative to comparable designs, underscoring its compactness and suitability for
space-constrained applications. A detailed comparative analysis between the proposed antenna V and

previously reported designs is provided in Table II.

w

L6

Ground

Figure 5. The designed antenna V with its detailed architecture

Table 1. Optimized dimensions

R=8.5 L=35 W=30
R1=0.4 L1=10.6 W1=2.56
R2=0.445 L2=3.38 W2=0.4
R3=0.407 L3=3.15 W3=5
R4=4.125 L4=1 W4=0.24
R5=0.628 L5=5.81 W5=3.5
- L6=35 W6=2.5
- - W7=1*0.2
- - W8=4
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4. Simulation Results

Figure 6 presents the Si: responses of all proposed antenna designs

o T T T T T T T T

—

oV v [ X

| i | i i | i [
12 13 14 15 16 17 18 19 20 21 22
Freq(GHZ)

Figure 6. Simulated S11 for All antennas (I-V)
4.1. Reflection Coefficient (S11):
This section presents the reflection coefficient (S11) as a function of frequency for the proposed antenna
design. Figure 7 illustrates the Si1 curves corresponding to each stage of the antenna development
process.
In the final design (Antenna V), The simulated results show that the proposed antenna V operates in a
wide frequency range from 12 GHz to 22 GHz, and the reflection coefficient is kept below -10 dB in
the entire band. It is noteworthy that this antenna V performs better at the frequencies of 15.6 GHz, 17.4
GHz, 18.8 GHz, and 20.5 GHz, where it has reflection coefficients reaching-40.83 dB,-20.03 dB, -23.03
dB, and -23.85 dB, respectively."
Highlighting the antenna'’s effectiveness in covering multiple frequency bands, including portions of the
Ku, and K bands.
Additionally, a parametric analysis was carried out by varying key geometrical parameters to optimize
the antenna performance. This helped in achieving the desired wideband response and improved
impedance matching across the UWB range.
The parameter analysis performed to optimize the antenna performance is described in detail to
guantitatively evaluate the contribution of each design variable to the electromagnetic behavior of the
structure. The results show that the operating bandwidth has a strong correlation with the parameters
that modify the effective radiation aperture and resonance modes, such as patch radius, length-to-width
ratio of the DGS slot, and substrate thickness. In contrast, the input impedance matched to the 50-ohm
feedline is primarily controlled by the feedline width, the optimized feedpoint offset in the x-z plane,
and the slot geometry, which together modify the local surface current distribution. The influence of
each parameter on the S11 characteristics is simulated separately, and the corresponding changes in
resonance depth, impedance slope, and equivalent loading effects are analyzed to guide the final design

optimization.
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Figure 7. Reflection coefficient (S11) curve plot showing the stepwise development of antenna V.

4.2. Gain, PeakGain and Radiation Pattern:

This antenna V covers a range of wide frequency which inherently affects its gain characteristics.
Despite the modest gain levels, the antenna V offers a good trade-off between compact size, low cost,
and wide bandwidth, making it a suitable candidate for wireless communication applications (Balanis,
2005).

As illustrated in Figure 8, the gain values at the frequencies 15.6 GHz, 17.4 GHz, 18.8 GHz, 20.5 GHz
are 0.15, 0.86, 1.22 and 1.11, respectively. These values indicate excellent impedance matching across
the operating band. The corresponding gain values at the evaluated frequencies are 5.37dBi, 4.28dBi, -
0.11dBi, -0.39dBi, and 4.98dBi. At 12.2 GHz, the antenna V exhibits weak radiation with a gain of -
0.11dBi. The antenna V exhibits strong radiation performance at 15.6, 17.4, and 20.5 GHz, while at 18.8
GHz, the gain drops to -0.39dBi, indicating poor radiation efficiency.

After simulating the proposed antenna V, its peak gain across the operating frequency band was
evaluated. As shown in Figure 9, the antenna's maximum peak gain was 7.198 dBi at 19.80 GHz. At
other key frequencies in this band, the antenna exhibited peak gains of 5.83 dBi at 15.6 GHz, 5.27 dBi
at 17.4 GHz, 6.21 dBi at 18.8 GHz, and 5.69 dBi at 20.5 GHz. These results demonstrate that the antenna
V maintains a relatively high gain across the desired frequency range, demonstrating its effectiveness
for applications requiring moderate directional performance.

The simulated radiation patterns of the final antenna design are depicted in Figure 10.
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Figure 8. The Gain of antennaV
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Figure 9. The Peak Gain of antennaV

Figure 10. Simulated radiation patterns of the designed antennaV at (a) 15.6 GHz
(b) 17.4 GHz (c) 18.8 GHz (d) 20.5 GHz
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4.4, VSWR:

When the transmission line of antenna is connected to antennaV systems as is typically the case
impedance matching can be accomplished by end of the line. However, in practical applications, the
matching is usually implemented near the antenna V terminals, as this approach minimizes line losses,
reduces voltage standing waves along the transmission line, and helps maximize the system’s usable
bandwidth (Balanis, 2005).

In a mismatched system, the degree of mismatch determines the portion of incident (or available) power
that is reflected back into the transmission line from the antennaV input. This mismatch arises from the
difference between the antenna input impedance and the characteristic impedance of the transmission
line (Balanis, 2005).

These guantities are related to the input reflection coefficient (Gammal") and the Voltage Standing Wave
Ratio (VSWR) at the antennaV terminals. The standard transmission line relationships are given by
(Balanis, 2005).

r= Zin _ZO
Zin +Zo

1+|T|
1-|r|

VSWR=
where:

e Zin input impedance of antenna,

e Z0is the characteristic impedance of the transmission line,

e I’ Gammal is the reflection coefficient.
These expressions are essential for evaluating the impedance match quality and the overall efficiency of
the antenna-feed system. (Balanis, 2005). Figure 11 illustrates the simulated Voltage Standing Wave
Ratio (VSWR) performance of the proposed antenna at key resonant frequencies. The VSWR values at
15.6 GHz, 17.4 GHz, 18.8 GHz, and 20.5 GHz are 1.018, 1.105, 1.151, and 1.137, respectively. All

values remain well below the standard threshold of 2.

Name X Y XY Plot 2 HFSSDesign1 &
3.25 — m1 15.6000 1.0183 G|
3 'm2 [17.4000/1.1051
7 'm3 [18.8000/1.1517
3.00 — m4 20.5000 1.1371
2.75 -
2.50 —
o2.25
gz.oo—’
> b
1.75
1.50
1.25 —
0+
12.00 14.00 16.00 18.00 20.00 22.00
Freq [GHz]

Figure 11.VSWR of antenna
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5. Comparative Analysis

Compared to existing designs, the proposed antennaV supports broader bandwidth while maintaining a
small footprint. Unlike many dual-band or tri-band antennas, this design simultaneously supports
operation in X-, K-, and Ka-bands with superior return loss and gain.

Moreover, while several designs have been proposed for specific 5G frequency bands, this antenna is
distinctly optimized to cover the critical 8 GHz and 22 GHz frequencies. The consistently low reflection
coefficients and high gain across all resonant bands underscore the superior performance and practicality
of the proposed antennaV for compact, high-efficiency wireless systems.

Table 2. Comparison with other works

Operating )
Substrate/ ) Maximum
) Size Frequency )
Reference Thickness Peak Gain
(mm?) Range
(mm) (dB)
(GHz)
Kiruthika, 2018 FR4/1.6 31x28 7-13 3.3
Singh,2019 FR4/1.6 25x 25 4-8 -
9.528, 12.806,
Sakshi Singh12020 FR4/2 14.3 x14.3 19.173 -
Singh,2020 FR4/0.7 50 x 50 2-7 6.99
Suman Sharma,2021 FR4/1.56 40%40 9.6,13.6 5.88
Hossain,2022 FR4/0.5 20%60 9.03,10.12,14.3 4.13
Lavadiya, Sunil P2022 FR4/1.5 31x42 2-16 2.27
Madhusudhana, K2022 FR4/1.6 41 x 41 1-6 -
Muhammad Danny2024 Rogers 5880/1.6 15%x40 9-10, 13,5-14,5 5.29
Ananda Kumar2024 FR4/1.6 10 x 10 10.58-15.04 5.675
Proposed Antenna Roger5880/0.8 30x35 12-22 7.19

6. Conclusion

This study demonstrates the effectiveness of the proposed microstrip patch antennaV for K- and Ku-
band applications (12—22 GHz), achieving notable improvements in gain, bandwidth. The integration of
a Defected Ground Structure (DGS) and optimized slot geometries has contributed to enhanced
wideband performance, rendering the antennaV well-suited for high-frequency applications.

Despite these advancements, the design presents certain limitations in maintaining consistent
performance across the entire targeted bandwidth. This highlights the need for further optimization of
slot dimensions and their spatial configuration. Future research may focus on refining structural
parameters and investigating alternative feeding techniques to improve overall efficiency and ensure

uniform bandwidth coverage.
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With its compact size and strong performance characteristics, the proposed antenna exhibits significant
potential for deployment in advanced satellite communication systems, radar technologies, and
emerging 5G and beyond wireless networks.
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