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Abstract—Ka-band frequencies are used in military aircraft,
space telescopes, high-resolution, close-range targeting
radars, commercial wireless point-to-point microwave
communication systems, systems that measure vehicle speed,
and satellite communications these days. For Ka-Band
applications, it is very difficult to design an antenna and also
a challenging task to obtain a sufficient gain, reflection
coefficient, and Voltage Standing Wave Ratio (VSWR)
because Ka-Band frequencies are very large. At these
frequencies, so many issues will occur, like coupling,
bandwidth, and sidelobe. In this work, a new design concept
of a compact, wide-band, 10-element array antenna has been
proposed for Ka-band (26 GHz—40 GHz) applications based
on the non-uniform structure with non-uniform spacing
between the patches. The proposed antenna is implemented
on a31.3 x10.37 x 0.787 mm® RT duroid 5880 substrates with
a relative dielectric constant of r = 2.2 and a loss tangent of
0.0009. The proposed antenna is simulated for essential
parameters like reflection coefficient, Voltage Standing Wave
Ratio (VSWR), and gain. Following the simulation, fabricate
and measure the antenna for the same essential parameters.
At the end, the simulated and measured parameters are
compared for the validation of an antenna to work at Ka-
band frequencies. Based on the comparison, the proposed
antenna yields better results, like a reflection coefficient less
than -10 dB, VSWR < 2, and a peak gain of 12.2 dBi. In
addition, for the proposed antenna, a wide bandwidth of16.75
GHz is achieved in the frequency range of 22 GHz to 38.75
GHz.
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I. INTRODUCTION

A lot of research has been done on the Ka-Band mm
Wave frequency spectrum because of its possible
application in 5G networks. Increasing the frequency of the
Ka-band from 26 GHz to 40 GHz results in less attenuation
and absorption by the atmosphere. Based on the
metasurface Luneburg lens, a small millimetre wave
antenna operating at 28 GHz has been developed for Ka-
band 5G applications. A peak gain of 7.9 dBi and a return
loss of less than —10 dB have been attained by the
developed antenna [1]. At Ka-Band, a patch antenna has
been suggested for 5G applications. The antenna operates
with a broad bandwidth of 1.40 GHz and a high gain of
8.10 dB at 38.10 GHz. The suggested antenna has a gain
fluctuation of 0.30 dB and a high F/B ratio of 16.27 dB. [2].
A quad-element Multiple Input Multiple Output (MIMO)
antenna intended for multiband applications, including a
large section of the Ku band (12.4-15.5 GHz), the X band
(8-12.4 GHz), and the C band (4-8 GHz). The two mm-
wave bands it covers are 26.4-34.3 GHz and 36.1-48.9
GHz, which account for 86% of the Ka band (27-40 GHz)
[3]. The DGS approach has been used to construct an array
antenna for Radio Detection and Ranging (RADAR)
applications in the Ka-Band frequency band [4]. For
upcoming 5G devices running across 28 GHz and 38 GHz,
a small, ultra-wideband, high-gain Multiple Input Multiple
Output (MIMO) antenna is introduced. The substrate
material used to design the exhibited antenna is Roger
RT/Duroid 6002, which has a thickness of 1.52 mm. To
increase impedance bandwidth and achieve ultra-wideband,
the antenna is loaded with different stubs. The suggested
design has dimensions of 27 x 27 x 1.52 mm? and consists
of stubs with loaded rectangular patches. The various stubs
are loaded to the antenna to improve impedance bandwidth
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and obtain ultra-wideband. The resultant antenna operates
over a broadband of 26.5-43.7 GHz, with a peak value of
gain >8 dBi [5]. For 5G wireless networks, a small Multiple
Input Multiple Output (MIMO) antenna specifically for the
Ka-band has been created on the Rogers RT/Duroid 5880
substrate, which has dimensions of 26 x25 x1.6 mm?>. To
provide polarisation variation in the 20-40 GHz frequency
range, the antenna employs four P-shaped radiating patches
in E-shaped slots [6]. For Ka-band operation, a four-
element Multiple Input Multiple Output (MIMO) antenna
has been developed. It has enhanced the bandwidth and
improved the isolation to 30 dB by using the innovative
decoupling structure. The antenna’s maximum strength is
6.5 dBi, and its operational bandwidth is 24.1-30.9 GHz
[7]. It is suggested that a small, arc-shaped antenna with a
28 GHz resonance be used for millimeter-wave
applications in the 5G frequency range. The 1.3 mm radius
of the circular monopole antenna is part of its design. On
the radiating plane, an elliptical slot facilitates the
attainment of a wider bandwidth resonance at 28 GHz. The
antenna’s average gain is about 4 dB across the whole
impedance bandwidth, and its radiation efficiency is a
respectable 89% [8]. For the three operational frequencies
of 3.3 GHz, 4.5 GHz, and 5.8 GHz, a tri-band antenna has
been constructed [9]. An Ll-slotted patch antenna was
suggested for 5G applications operating at 26.28 GHz and
28.54 GHz [10]. For 5G applications, the surface response
approach is used in the design of the pi-slotted dual-band
rectangular microstrip patch antenna. At 28 GHz and 38
GHz, the suggested antenna also provides gains of 6 dBi
and 4.15 dBi, respectively. Also, over its whole impedance
bandwidth, the VSWR is less than 2 [11]. At 28 GHz, a 1
X 4 linear antenna array 1is suggested for 5G
communication systems. The suggested array uses a 1 x 4
T-power divider to supply power to four rectangular slotted
antenna elements. In order to improve the total array gain
and increase the radiation intensity, an Artificial Magnetic
Conductor (AMC) layer is positioned beneath the array.
Within the operational bands, the measured gain value of
the suggested array design ranges from 11.8 dBi to 13.1
dBi, reaching 13.1 dBi at 28 GHz [12]. For 5G mobile
networks, a low-profile antenna in the 26.75-30.31 GHz
and 35.83-41.22 GHz frequency ranges was created. By
co-centrically joining two planar hexagonal rings, the
suggested antenna employs a meta-material-based
construction that consists of a Split-Ring Resonator (SRR)
and a Closed-Ring Resonator (CRR) [13]. For Ka band
applications, a microstrip patch antenna with resonant
frequencies 0f 29.87 GHz and 35.02 GHz was created [ 14].
For Ka-band applications, a rectangular patch antenna
based on the utilization of several slots on the patch has
been devised [15]. A coplanar waveguide-fed wideband
meander line antenna has been introduced for Ka band
applications. The proposed antenna has been simulated on
HFSS using Rogers RO4003 as the substrate with
dimensions 22 x 19 x 1.52 mm?, which has a relative
permittivity (&) of 3.55. A ladder-shaped feed is used to
give it a wide fractional bandwidth of 51.6% between 23
GHz and 39 GHz. At the central frequency of 29.11 GHz,
the antenna displays a gain of 5.45 dB, while at 37.5 GHz,
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it displays a peak gain of 7.1 dB [16]. An innovative tri-
band antenna based on metamaterials for the 5G-C and Ka
frequencies. The suggested antenna achieves three
operational bands with decreased overall antenna
dimensions by using a circular monopole loaded with a
complementary split ring resonator, a rectangle patch with
an E-shaped slot, and an inverted U-structured patch. The
overall dimension of the proposed tri-band antenna is
30 x22 x0.543 mm?, and the bandwidths measured are
9.04%, 14.14%, and 2.46% at 4.7 GHz, 28 GHz, and
39 GHz, respectively. It has also measured gain values of
2.5 dBi, 7.06 dBi, and 6.76 dB, respectively [17]. For Ka-
band applications, a small CPW-fed monopole antenna
based on the Artificial Magnetic Conductor (AMC) has
been proposed. Using AMC with four stubs and a circular
slot at 28 GHz improves the monopole antenna's radiation
properties. In the frequency range of 25.76-35.86 GHz, the
gain for this antenna is 8.76 dBi [18]. Patch antennas are
made for dual bands, such as the S and C bands, which
operate in the 2.53—7.707 GHz frequency range [19]. For
5G applications, Multiple Input Multiple Output (MIMO)
antennas are planned to operate at 3.41 GHz with a gain of
4.2 dB [20]. The effect that the radiating conductor's
thickness has on the antenna's gain is examined
mathematically [21]. A small loaded microstrip patch
antenna with an Artificial Magnetic Conductor (AMC) has
been designed on the substrate dimensions of 20x20%2.4
mm? in the frequency range of 28.4—36 GHz. The gain was
increased from 3 dB to 5.80 dB by placing an Atrtificial
Magnetic Conductor (AMC) array (8%8) layer between the
radiating patch and ground. [22]. On the basis of the patch's
slots and Defective Ground Structure (DGS), a wideband
antenna was created for Ka-band applications [23]. A log-
periodic 1 x 9 antenna array configuration with a 9.25 dBi
gain value has been developed for high-gain applications
[24]. To provide 5.13 GHz and 11.63 GHz bandwidth at 28
GHz and 38 GHz, respectively, a 2 x 2 Multiple Input
Multiple Output (MIMO) was constructed on the substrate
dimensions 8.25 x 9.69 x 0.45 mm? [25]. For upcoming
multi-band 5G wireless communication applications, a
low-profile microstrip patch antenna fed by a tri-band
microstrip line is recommended. The recommended
antenna is printed on Rogers 5880 substrate of dimensions
26 x 16.5 x 0.508 mm?>. The recommended antenna design
offered the gains of 5.67 dBi at 10 GHz, 9.33 dBi at 28
GHz, and 9.57 dBi at 38 GHz [26]. A symmetric four-
element Multiple Input Multiple Output (MIMO) with
inverted I-shaped slots and rectangular patches has been
designed on the substrate dimensions of 55 x 110 x 0.508
mm?. The proposed design provides gain values of 5.24 dBi
and 4.34 dBi at 28 GHz and 38 GHz, respectively [27]. A
planar circularly polarised Substrate Integrated Waveguide
(SIW) stacked patch antenna array consisting of Four
Sequential-Rotation (SR) subarrays is presented for Ka-
band applications. The presented antenna provides a -10
dB impedance bandwidth of 29.6%, a 3 dB axial ratio
bandwidth of 25.4%, and a peak gain of 20.32 dBi [28].
Various antennas for Ka-Band applications have been
built by researchers using a variety of approaches found in
the literature, such as decoupling structure, orthogonal
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diversity, Artificial Magnetic Conductor (AMC) array,
Defective Ground Structure (DGS), and different slots on
the patch. An innovative 10-element array antenna design
concept has been put up for Ka-band applications,
particularly 5G communications. Furthermore, there is a
good agreement between the measured and simulated
findings.

Around the world, engineering firms, educational
institutions, and learning technology use the Computer
Simulation Technology (CST) studio suite, a collection of
tools for developing, modelling, and improving
electromagnetic systems. The Computer Aided Design
(CAD) import tools and robust modelling environment in
the Computer Simulation Technology (CST) studio suite
assist the user in creating the necessary representative
model of the system. The comprehensive technical
approach of Computer Simulation Technical (CST)
enables the verification of a simulation through the
comparison of the output from numerous solvers, such as
the time domain solver, within a single interface. This kind
of cross-checking with the simulations increases trust in the
simulation's correctness and aids engineers in modelling,
analysing, and estimating measurement errors without
recognising the electromagnetic component. The
Computer Simulation Technology (CST) studio suite
components have built-in optimisers that can be used to
optimise a variety of factors, such as the excitation
waveform, material properties, and model geometry.

An introduction and literature review, a suggested
antenna design, findings and discussions, and a conclusion
are the four sections that make up this paper. Using the
inset feeding approach, a non-uniform structure with non-
uniform spacings between the patches is employed as an
array antenna for Ka-band applications. The primary
objective of this study is to construct a single microstrip
patch with inset feeding. Second, for Ka-Band frequencies
ranging from 26 GHz to 40 GHz, the suggested antenna
was built using simulation software before being assessed
for several critical parameters, such as gain, reflection
coefficient, and Voltage Standing Wave Ratio (VSWR).
Third, important characteristics including gain, reflection
coefficient, and Voltage Standing Wave Ratio (VSWR)
have been experimentally tested and measured in the
suggested antenna. Fourth, a developed antenna for use in
Ka-Band applications has been completed, and the
measurement results indicate that the proposed antenna is
most appropriate for Ka-Band systems. The scope of the
task has also been specified for the future.

II. ANTENNA DESIGN

Based on the idea of an inset feeding mechanism, a
wideband 10-element array antenna is constructed in two
stages. A single inset-fed microstrip patch antenna was
constructed as the initial phase. The second phase involves
designing a wideband 10-element array antenna using the
concept of a non-uniform structure with non-uniform
spacing between the patches. Additionally, a broadband
10-element array antenna with a height of 0.757 mm and a
loss tangent of 0.0009 is designed on the RT Duriod 31.3
x 10.37 x 0.787 mm? substrate. The substrate material is
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RT Duriod 5880 with a dielectric constant of 2.2, as shown
in Fig. 1. Once the substrate has been selected, the design
equations are used to determine the patch antenna's
dimensions. After constructing the patch antenna, the non-
uniform sizes and spacings between the elements are
adjusted to design a 10-element array antenna in a series-
fed structure based on the concept of a non-uniform
structure with non-uniform spacing between the patches.

'y

Calculate the dimensions of the patch
antenna using the design equations

—>ﬂ

Substrate material and antenna
parameters are properly defined

I

Simulation is carried out using CST
Microwave studio

Optimization
of the results

Yes

After the optimization of the
simulation results, start the fabrication

U

Validate the fabricated antenna by
comparing results

Fig. 1. Design flow chart.

Additionally, modelling is done to determine the key
parameters after building a 10-element array antenna.
Additionally, in order to attain ultra-wideband
characteristics, parametric analysis is performed for the
antenna array by applying multiple inter-element spacings
and taking varied patch dimensions. Following simulation,
a 10-element array antenna is constructed and subsequently
measured. Finally, the simulated and measured parameters
are compared to confirm that the suggested antenna can
operate at Ka-band frequencies. There are two primary
design steps along with the overall design flow.

Step 1: Design of single inset-fed microstrip patch
antenna.

In the first step, a single inset-fed microstrip patch
antenna is designed based on the following equations [2].

c 2

= 1
2f. \e, +1 @
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“W” 1in Eq. (1) stands for the patch’s width. The resonant
frequency, input impedance, radiation pattern, and
bandwidth of a microstrip patch antenna are all directly
impacted by the patch’s width, making it an essential
component. The antenna’s resonant frequency is mostly
determined by the patch's width; a broader patch resonates
at a lower frequency, while a narrower patch resonates at a
higher frequency. The antenna’s input impedance, which
must match the feeding line for the best power transfer, can
be controlled by varying the patch width. Sometimes
expanding the patch width results in a greater bandwidth,
which allows the antenna to function across a larger
frequency range. The direction of the electromagnetic
waves’ emission is influenced by the patch’s breadth,
which also has an impact on the antenna’s radiation pattern.

-1

()

In Eq. (2), €. represents the effective dielectric
constant of the microstrip patch. The “effective dielectric
constant” of a microstrip patch is important because it
directly affects the antenna’s resonant frequency, which is
essentially its operating frequency. It also plays a critical
role in optimising the patch antenna’s size, gain, and
bandwidth because it takes into account the fringing fields
around the patch edges, which are influenced by the
substrate material and its dielectric properties. A higher
effective dielectric constant result in a smaller patch size
for the same resonant frequency but may also restrict the
antenna's bandwidth. For the same operating frequency, a
smaller patch size is possible with a higher effective
dielectric constant. The effective dielectric constant, which
is crucial for precise antenna design, considers the
“fringing fields” that extend over the patch borders in
addition to the dielectric constant of the substrate material.
An antenna’s bandwidth is typically increased by selecting
a substrate with a lower dielectric constant. Engineers
carefully choose the substrate material when developing a
microstrip patch antenna in order to attain the required
effective dielectric constant for the best performance.

I c
eff -
2f,,1/ereff

In Eq. (3), L¢ss represents the effective length of the
patch. In order to accurately calculate the resonant
frequency and radiation pattern in design calculations, it is
essential to consider the “effective length” of a microstrip
patch antenna. This is because it represents the electrically
larger length of the patch due to fringing fields at its edges;
in other words, it accounts for the “extra” electrical length
caused by the fringing fields around the patch edges.
Because the fringing fields extend over the patch’s actual
boundaries, the antenna appears electrically larger than it
actually is. The dielectric constant of the substrate material
influences the effective length, which in turn influences the
propagation of the electric fields around the patch. A
microstrip patch antenna’s resonance frequency can be

1+12ﬁ

w
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2
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precisely calculated by using the effective length instead of
the physical length.

(e, +o.3)(w + 0.264)
h
(e, 025 8)(;1” + o.sj

In Eq. (4), ‘AL’ represents the additional length of the
patch. In order to account for the “fringing fields” around
the patch's edges, ‘AL’ must be added to the physical patch
length of a microstrip patch antenna. This effectively
represents the effective length of the antenna as a result of
these electric field extensions, and it is essential for
precisely determining the antenna’s resonant frequency
during design. The patch’s length is essentially increased
by the “fringing field” created by the electric fields
surrounding its boundaries, which extend just a little bit
beyond its actual dimensions. Designers can determine the
proper patch dimensions to attain the intended resonance
frequency by taking the delta length into account. In order
to estimate the effective length, delta length is frequently
added to the physical patch length and is typically
computed using parameters such as substrate thickness,
dielectric constant, and patch width.

L=L, -2AL

AL =0.421h @

)

“L” stands for the patch's length in Eq. (5). Because it
directly affects the resonant frequency at which the antenna
functions, the length of a microstrip patch is essential. This
means that by varying the patch length, you may precisely
regulate the frequency at which the antenna will emit
electromagnetic waves most effectively. In essence, a
longer patch means a lower resonance frequency, and vice
versa, according to the idea that the patch length in the
dielectric substrate material is around half the wavelength
of the intended operating frequency. The most crucial
element is that the patch length is the main factor
determining the resonance frequency of the antenna; by
varying this size, designers can customise the antenna for
particular uses. A key idea in the design of microstrip
antennas is that the patch’s length should be nearly half the
wavelength of the operating frequency in the dielectric
substrate material. The effective length is marginally more
than the physical length because of fringing fields at the
patch’s boundaries, which must be taken into account
while doing design calculations.

Fig. 2 shows the single microstrip patch antenna that is
designed based on the inset-feeding technique. This
antenna has been used as the basis for the construction of a
wideband 10-element microstrip patch antenna with
variable size, and its dimensions are provided in Table I.
The length and width of the patch antenna are indicated by
the measurements Lp and W,, much like in Fig. 2.
Furthermore, the length and width of the feeding are
indicated by Lrand W}. As in Fig. 2, w, represents the notch
width, and y, represents the length from the notch to the
patch edge.
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Wp

We

Fig. 2. Inset-fed microstrip patch antenna.

Step 2: Design of 10-clement non-uniform array
antenna.

The second step involves designing a wideband 10-
element non-uniform array antenna with varying
dimensions from the first to the tenth element.

LR

Fig. 3. Non-uniform 10 element array antenna.

= x

Furthermore, there is space between the components.
The non-uniform 10-element array antenna, which is based
on the idea of a non-uniform structure with non-uniform
spacing between the patches, is shown in Fig. 3. E1 through
E10 are the 10 antennas or elements, as shown in Fig. 3.
Furthermore, the distance between elements has been
shifted from E1 to E10.

Table I is a tabulation of the non-uniform 10-element
elements’ dimensions. Table I lists the 10-element array
antenna’s measurements, including the patch’s length and
width as well as the feeding slot’s length and width.
Additionally, Table I shows that the elements are spaced
apart.

TABLE I. DIMENSIONS OF THE PROPOSED ANTENNA

_ Eq
Element L=W, ¥ Wa Ly Wi

(mm) (mm) (mm) (mm) (mm) (mm)
1 24 088 022 147 056 255
2 249 093 0.4 160 056  3.99
3 2.58 098 016 162 056 358
4 2.74 104 015 165 056 3.72
5 2.81 .11 011 175 056  3.52
6 2.81 111 011 177 056 324
7 2.92 111 011 184 056 370
8 3.03 112 010 183 056 398
9 3.14 112 010 1.8 056 344
10 3.25 112 010 182 056 2.82
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III. RESULTS AND DISCUSSIONS

Because of its wide bandwidth, which enables a single
antenna to transmit on frequencies in numerous bands, the
non-uniform structure with non-uniform spacing between
the patches is frequently employed as a transmitting
antenna in high-power shortwave broadcasting stations.
Using up to ten elements, the non-uniform structure with
non-uniform spacing between the patches design has been
employed.

Fig. 4. Fabricated 10-element array antenna.

According to Fig. 4, the fabricated 10-clement array
antenna has a height of 0.757 mm and a loss tangent of
0.0009 based on the non-uniform structure with non-
uniform spacing between the patches. It is developed on
the RT Duriod 31.3 x 10.37 x 0.787 mm? substrate. Gain,
Voltage Standing Wave Ratio (VSWR), and reflection
coefficient of the manufactured antenna are all simulated.

—— Measured
— - —Simulated

—10 4

—20

—30 4

Reflection Coffiecient(dB)

—40 4

22 24 26 28 30 32 34 36 38 40
Frequency(GHz)

Fig. 5. Reflection coefficient.
—— Measured
3.0 — — Simulated

2.5+

Frequency (GHz)

Fig. 6. VSWR.

The simulated and measured reflection coefficients of a
10-element array antenna are shown in Fig. 5. Both the

measured and simulated reflection coefficients are less
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than —10 dB in the 22 GHz—40 GHz frequency range, as 0 — — Simulated
shown in Fig. 5. The reflection coefficient value is also 5 30— ~Measured
suitable for Ka-band applications. 0
A 10-element array antenna’s measured and simulated
VSWR is shown in Fig. 6. The simulated and measured -5
VSWR values in the 22 GHz to 40 GHz frequency range -10
are less than 2, as shown in Fig. 6. Additionally, for Ka-
band applications, the VSWR value is acceptable. i3
-20 [270 90
10 - - En=255mm 15
== Egp=2329mm
Egs=3.58mm _
s O - Eg=372mm 10
E Ed5: 3.52mm -5
= <~ -|= - Eg=324mm
.5_10 Al -~ Ey=370mm 0
1) = Ed5:3.90mm
= Eg=3.10mm 5
g 2 2 |- - Ey=282mm 180
g . Y /' Fig. 9. E-plane pattern at 23.4GHz.
=30
g 3
2 N \ —
% K 0 — — Simulated
x40 W 10 - — Measured
\ 5
-50 ¥ 0
‘ : -5 300
32 40 10
Frequency (GHz) -15
Fig. 7. Parametric analysis of reflection coefficient. -20
-25 270 20
The parametric study of the reflection coefficient of the -20
constructed 10-element array antenna for different -15
elementary spacing lengths between the first and tenth .
elements is shown in Fig. 7. As shown in Fig. 7, the S| 240 120
reflection coefficient in the 22 GHz—40 GHz frequency g
band is less than —10dB. Furthermore, for Ka-band -
applications, the reflection coefficient value is appropriate. 180
14 Fig. 10. H-plane pattern at 23.4 GHz
VRN : )
2 I X7 - 0 — — Simulated
/1y \./-\\\ 5 - — Measured
,_10 // g * 0
@ /7 — —Simulated
= s> / / — - - Measured -5 300
£ \ r
o /\ \ / . _10
6 <\ /
W _is
. / /
4 ‘\.\/ -20 [270 90
, -15
22 24 26 28 30 32 34 36 38 40 -10
Frequency (GHz)
5| 240 120
Fig. 8. Gain.
0
The measured and simulated gains of a 10-element array &

180
Fig. 11. E-plane pattern at 27.6 GHz.

antenna are shown in Fig. 8. The measured gain is 12.2 dBi,
while the simulated gain is 13.2 dBi, as shown in Fig. 8.
Furthermore, in the frequency range of 22 GHz to 40 GHz,
the simulated and measured gain values nearly match.
Furthermore, the gain value is quite high and suitable for
Ka-band applications.
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— — Simulated
— - —Measured

300

270

90

240 120

180

Fig. 12. H-plane pattern at 27.6 GHz.
— — Simulated
30 7 Measured
300
270

90

240 120

180
Fig. 13. E-plane pattern at 31.5 GHz.

— — Simulated

30 Measured
300

270

90

240 120

180
Fig. 14. H-plane pattern at 31.5 GHz.

Figs. 9—15 show that E-plane patterns at several
frequencies, including 23.4 GHz, 27.6 GHz, 31.5 GHz, and
37.1 GHz, were simulated and measured. It may be inferred
from these E-plane patterns that all of the frequencies listed
above experienced the highest radiation levels. Similarly,
Figs. 10—14 and Fig. 16 show that H-plane patterns at
several frequencies, including 23.4 GHz, 27.6 GHz, 31.5
GHz, and 37.1 GHz, were simulated and measured. Based

on these H-plane patterns, it can be concluded that all of
the aforementioned frequencies experienced the highest
radiation levels. Furthermore, there is a strong agreement
between the measured and simulated E-plane patterns.
Additionally, there is a good agreement between the
measured and simulated H-plane patterns. The Ka-band
applications can use any of these patterns. In general, an
electric field exists in the E-plane, while a magnetic field
arises in the H-plane. An antenna’s radiated power in a
particular direction is indicated by the E-plane, and its
radiated power in all directions is indicated by the H-plane.

— — Simulated
— - — Measured

330 30

300

270

240

180

Fig. 15. E-plane pattern at 37.1 GHz.

— — Simulated
- = Measured

300

270

90

240 120

180
Fig. 16. H-plane pattern at 37.1 GHz.

TABLE II. COMPARISON OF SIMULATED AND MEASURED VALUES

S.No Parameter Simulated value Measured value
1 Operating 22 GHz - 38.75
Frequency range 22 GHz-38.75 GHz GHz
2 Reflection
coefficient —39.06 dB -36.8 dB
3 Bandwidth 16.37 GHz 16.75 GHz
4 VSWR <2 <2
5 Peak gain 13.2 dBi 12.2 dBi
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Comparing simulated and measured results in the 22
GHz-38.75 GHz frequency range is shown in Table II. The
simulated and measured reflection coefficient values are
both less than —10 dB in this frequency range. As shown in
Table II, in the frequency range of 22 GHz to 38.75 GHz,
the maximum bandwidth of 16.37 GHz was attained.
Additionally, Voltage Standing Wave Ratio (VSWR) of
less than two is attained. Additionally, the frequency range
described above yielded the largest gain, 12.2 dBi. It is
observed from the measured values that the suggested
antenna is appropriate for Ka-Band applications.

Our findings are contrasted with the published works in
the literature in Table III. Our recommended antenna has a
higher gain and bandwidth and also a superior design than
the antennas presented in Refs. [5, 16, 17, 22, 25, 26, 27].
Despite having a larger bandwidth and gain than our
suggested antenna, Hussain et al. [6] highbred dimension.
It is determined that our suggested antenna is suitable for
Ka-band applications, particularly for 5G communications,
after comparing it with earlier research studies.

TABLE III. COMPARISON WITH PREVIOUS WORKS

Size No of Bandwidth . . .
Ref (mm?) elements (GHz) Gain (dBi) Band Operating frequency range
[5] 27 x 27 % 1.52 4 15.2 6 Ka 26.5-41.7 GHz
[6] 26 x25x1.6 4 20 17.6 Ka 20-40 GHz
[16] 22x19x1.52 1 16 7.1 Ka 23-39 GHz
[17] 30 %22 x0.543 1 11 6.76 Ka 28-39 GHz
[22] 20x20%x2.4 8 7.6 5.8 Ka 28.4-36GHz
[25] 8.25 x 9.69 x 0.45 2 10 8.31 Ka 28-38 GHz
[26] 20 x 16.5 x 0.508 1 0.101 9.57 Ka 10,27.5, x 37.8GHz
[27] 55 %110 % 0.508 4 10 7.95 x 8.27 Ka 28.044 x 38.04GHz
31.3 x10.37 x
Proposed work 0787 10 16.75 12.2 Ka 22-38.75GHz
IV. CONCLUSION CONFLICT OF INTEREST

This study proposes a 10-clement series-fed array
antenna with an irregular shape and unequal spacing for
Ka-Band (26 GHz—40 GHz) applications. It is based on the
non-uniform structure with non-uniform spacing between
the patches. Essential characteristics, including gain,
Voltage Standing Wave Ratio (VSWR), and reflection
coefficient, are simulated and designed into the suggested
antenna. The developed antenna is then manufactured and
tested for the same crucial characteristics following
simulation. The suggested antenna for Ka-band
frequencies has been validated by comparing the measured
and simulated parameters after measurement. Following
the comparison, the frequency range of 22 GHz to 38.75
GHz has a broad bandwidth of 16.75 GHz, a reflection
coefficient < —10dB, Voltage Standing Wave Ratio
(VSWR) < 2, and a peak gain of 12.2 dBi. Finally, the
proposed antenna has the advantage of being low-cost and
lightweight, which is especially helpful for millimetre
wave and 5G applications.

Future goals for this work include building an antenna
for wideband, 5G, and multi-band applications by
expanding the number of patches in terms of feeding
techniques, material selection, and uniform and non-
uniform techniques. If the mutual coupling between the
patches is decreased and the number of patches is increased,
the suggested antenna can be utilised for 6G applications.
If a zigzag pattern is chosen for the number of patches, the
suggested antenna will change to a log-periodic antenna.
Lastly, the suggested antenna works well for high-gain
applications like 5G, 6G, and mobile satellite.

The authors declare no conflict of interest.
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