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Abstract. A new miniature ultra-wideband (UWB) microstrip antenna was designed using a slotted patch resonator, and reduced
ground plane realized on FR-4 substrate with 13 x 27.2 mm overall size. The designed antenna simulated by computer simulation
technology (CST) electromagnetic simulator has three resonant frequencies of 3.1, 5.2, and 8.5 GHz with input reflection of —20.5,
—21.8, and —22 dB for each resonance, respectively. The impedance bandwidth of 6.23 GHz is applicable for modern UWB wireless
systems. The projected antenna has been fabricated and tested to corroborate the simulated S11 consequences, and the experimental
consequences are in worthy compatibility with the simulated ones.
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1. INTRODUCTION y
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The ultra-wideband (UWB) has become economically
feasible for short-range, cost-effective communication
owing to advances in high-speed microprocessors and
quick switching techniques. Radar systems, wireless
personal area networks, localization, consumer elec-
tronics, and medical electronics are just a few early ap-
plications. Since then, a complete grasp of UWB electro-
magnetics, components, and system engineering has been
established. The Federal Communication Commission
(FCC) of USA was the key organization to release UWB
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Fig. 1. Traditional radio signals power spectral density against

guidance in 2002, authorizing the unlicensed utiliza-
tion of the allocated spectrum to be in the range of 3.1—
10.6 GHz. Nevertheless, the allowed power level was set
very low to escape the interference with the other
technologies that function in this frequency range, such
as Wi-Fi and Bluetooth [1]. Figure 1 depicts the usual
radio transmission power spectral density against the
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the UWB signal.

UWRB radio signal. Due to low transmission power, UWB
systems are particularly susceptible to interference from
neighboring narrowband systems [2].

An antenna system is a device that can send and
receive data in a continuous loop. Therefore, the speed of
the dispatch and receiving processes is critical to the rapid
growth of countless communication technologies. Due to
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the rapid growth in network users, fixed and mobile
communication networks are requiring an expansion in
the data rate for a wider frequency range. It is imperative
that both mobile and wireless networks employ a larger
bandwidth as a result of this. [3] The creation of anten-
nas that are small, yet high-bandwidth and low-cost is
consequently essential [4].

With its low power consumption, high data rate, ex-
cellent resistance to multipath propagation, and great
reliability, UWB technology has emerged as a potential
option for wireless communication systems. The high-
frequency range can be utilized more to restrict micro-
wave radiation using UWB-based techniques that operate
in a wideband frequency spectrum. The microwave signal
can pass through a variety of obstructions thanks to the
low-frequency range’s ability to penetrate [4].

Furthermore, before developing wide-speed and
UWB-based antennas, it is necessary to evaluate the de-
sired properties of the antennas under consideration. A
thorough investigation of the numerous designs, analyses,
and feeding methods applied in the fabrication of a
microstrip antenna (MA) with better energy efficiency is
required. Microwave configurations favor patch antennas
because of their lightweight and low-cost construction, as
well as their ability to be produced with high precision.
Several studies in the literature have looked at ways to
improve the patch antenna’s performance and quality by
tweaking its characteristics, such as input reflection, gain,
path or total bandwidth [5,6].

Many other UWB-based antennas have been inves-
tigated and studied in the literature: widescreen micro-
strip, metamaterial, UWB wide-slot, broadband mono-
pole, UWB taper slot antenna and dielectric resonator
aerials antenna constituting a communications transceiver
system. Transceivers are devices that receive data packets
sent over the air. The efficiency of these antennas had
to be enhanced in order to make robust transceivers.
Additionally, the dielectric resonator (DR) is utilized in
an antenna design known as the dielectric resonator
antenna (DRA). A specific frequency can cause a di-
electric material to produce a resonance peak. DRs are
dielectric materials. It has been proven that these designs
have a great Q-factor and can operate in a certain fre-
quency range. The finishing antenna structure must con-
tain a DR, a ground plane, and an excitation source to
generate DR-based radiation [7].

Pentagonal-shaped UWB antennas are examined in
[8]. UWB wearable technology, involving radio frequency
identification (RFID), mobile devices, and wearable GPS,
is expected to benefit from the antenna. Polyimide sub-
strate with a thickness of 50 um is used to construct the
antenna. The bending impact has been examined accord-
ing to the S parameter and radiation patterns. Before and
after the bending, the pentagonal UWB antenna band-

width increased by 111.6 percent, going from 2.93 GHz
to 10.3 GHz. Before and after bending, the antenna’s gain
is approximately 3 dB at 3.5 GHz, 5.2 GHz, and 5.8 GHz.
Modern wearable equipment can make good use of this
projected antenna.

An antenna that incorporates the WiBro (wireless
broadband), WiMAX (worldwide interoperability for micro-
wave access), ISM (Industrial, Scientific and Medical), and
UWRB services has been proposed in [9]. The rectangular
monopole radiating element has two slots carved out of each
corner. A third iteration Koch fractal curve has also been
applied to the sidewalls of the radiator, except for the feed
line direction. Feed lines are supported by a small rec-
tangular hole in the ground. An offset 50 Ohm microstrip
transmission line has been used to power the antenna. The
feed line and antenna were printed on FR-4 (flame retardant
woven glass-reinforced epoxy resin) substrates with a
relative permittivity of 4.4 and a thickness of 1.59 mm. CST
Microwave Studio was used to model and evaluate the
proposed antenna’s performance. According to the findings
of the simulations, the proposed antenna has an impedance
bandwidth of 2.3-11.5 GHz. In addition, the antenna
radiating element proposed is 400 mm? in a compact size.

In [10], the researchers created a novel design for a
compact MA used for the UWB applications feeds by
using the stepped impedance line. The projected antenna
has a rectangular shape for the patch with slots on its top
face and a partially ground back with slots at its rear end
to cover the criteria of the UWB technology. The designed
antenna has a 34 x 36 mm dimension, manufactured based
on the FR-4 epoxy dielectric.

The design of a small UWB microstrip antenna is
presented in [11]. The FR-4 substrate, which is 1.6 mm
thick, is used to make the suggested antenna. The antenna
is 28 x 29 mm. Antennas with a hexagonal patch and a
rectangular slot have a wider frequency response range.
Additionally, the ground plane has been reduced and the
antenna is being fed by a microstrip feeder. The antenna
covers a bandwidth of 61.34 GHz, which is the equivalent
of a 61.34 percent bandwidth. The highest gain is 6 dBi,
with a return loss up to —40 dB.

UWB applications have sparked the interest of
researchers looking for ways to make microstrip patch
antennas smaller and lighter. The solution presented in
[12] is an UWB monopole circular antenna with dual-
band notch characteristics, which is further developed and
modified. A split-ring circular slot and a mushroom
electromagnetic bandgap structure are used to achieve the
dual-band notch properties. Antenna is designed with a
bandwidth of 2.0-12 GHz and a Voltage Standing Wave
Ratio (VSWR) of 2 except in the WIMAX and WLAN
bands of 3.2-3.7 GHz and 5.1-5.8 GHz, respectively.

WiMAX and upper WLAN interference are avoided
by designing an octagonal antenna with dual band-
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notched characteristics [13]. An octagonal patch antenna
without notch filters was initially developed with a VSWR
bandwidth of 9.06 GHz, operating in the UWB band (3.1—
10.6 GHz). Complementary split ring resonator (CSRR)
and the C-shaped slot have also provided dual-band
rejection properties in this antenna’s design.

It is shown in [14] that the band-notch characteristics
are attained by utilizing a split ring slot (SRS) at WLAN
frequency 5.3 GHz and satellite communication frequency
7.4 GHz using compact monopole antennas. Impedance
matching in the frequency range of 3 to 12 GHz is achieved
by modifying a rectangular patch. To generate WLAN
band rejection, SRS is incorporated into the antenna ge-
ometry. The dimensions of this slot are adjusted to achieve
the rejection at the X-band satellite frequency band.

In [15], the paper describes a small, wide-bandwidth
spiral-shaped antenna (SSA) with dual alternative feeding
methods (CPW-fed and microstrip lines). An SSA with
both feed lines has a consistent radiation pattern, a wide
impedance bandwidth, a constant group delay, and higher
gain in the frequency ranges of 1.68 to 20 GHz and 1.23
to 20 GHz. There are also manufactured prototypes of pro-
jected SSAs that are tested and compared to simulated
results.

The foremost goal of this paper is to design a new
small ultra-wideband microstrip patch antenna. The design
uses a single-layer substrate, slotted patch resonator,
slotted microstrip feeder, and reduced ground plane to
achieve these features. The projected antenna has UWB
response and compactness to be employed in many
wireless systems.

Section 2 of this paper describes in detail the con-
figuration of a UWB antenna. Section 3 illustrates and
discusses the projected antenna results in terms of S11
response, surface current intensity distribution, 3D radi-
ation pattern, and far-field 2D radiation pattern. Section 4
depicts the fabrication process and compares simulated
result with S11 measurement. As a final point, Section 5
provides the comprehensive conclusions of this study.

2. ANTENNA DESIGN

The microstrip antenna (MA) is comparatively considered
as a modernistic concoction. It was created to deduct the
available synthesis of an antenna and the other driving
circuits used in the communication arrangement on a
typical printed circuit board or the semiconductor flake.
Aside from the other resulting benefits, the integrated-
circuit technology for antenna manufacturing provided
considerable dimensional precision, which was otherwise
tricky to accomplish in standard fabrication processes.
The structure of the MA usually contains a dielectric el-
ement named as ‘substrate’ of a specific thickness, having
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Fig. 2. Typical microstrip antenna.

an entire metallization on one of its outsides and of a
metal ‘patch’ on the other surface. The substrate is ordi-
narily very fluffy. The used metal patch on the top sur-
face could take a different appearance, though the rec-
tangular configuration shown in Fig. 2 is practiced in
general [16].

The MA is feasibly excited by employing multiple of
the arrangements. One of the basic strategies is to feed the
antenna using a microstrip line, combining the MA at a
center of any edge. The microstrip line could be joined to
the antenna feeder or straightforwardly fed by joining the
signal source arossed the microstrip line and the ground
plane of an antenna [16].

It is known that slotted patch antennas have gained
more attractiveness because of their UWB characteristics.
These are very popular for wideband and volume-limited
applications. Almost all the designs use the TM010 mode
because it is the dominant mode of patch antenna in
transverse magnetic.

The projected topology of the ultra-wideband antenna
is illustrated in Fig. 3. This antenna is printed on an FR-4
substrate with relative permittivity of 4.3 and a thickness
of 1.5 mm. The antenna feed is matched to 50 Q.

The ground plane appears in a bottom layer with a
length of 11.95 mm and width of 12 mm, and 0.035 mm
ground thickness. Above the ground, there is a substrate.
The substrate dimensions were 13 mm width and 27.2 mm
length, while the substrate thickness was 1.5 mm. The
dimensions of the projected antenna are depicted in Fig. 3.

The antenna’s width and length based on the slotted
patch radiator are calculated using the following equations
[16]:
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Fig. 3. The geometry for the projected antenna.
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C represents the velocity of light (0.3G m/s), f, denotes
resonance frequency, €, is a dielectric constant of FR-4
material, and €. stands for the effective dielectric
constant for the same material that was determined by
CST simulator.

The equivalent circuit of the proposed antenna, based
on L and C, is depicted in Fig. 4. L and C can be calculated
based on reported equations in [17].
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=

3. SIMULATION RESULTS AND DISCUSSION

The input reflection (S11) simulation for the projected
antenna based on CST electromagnetic solver is shown in
Fig. 5. At 3.1 GHz, an input reflection of —20.5 dB is
achieved. At 5.2 GHz, an input reflection of —21.8 dB is
achieved. At 8.5 GHz, an input reflection of —22 dB is
achieved. The VSWR was 1.208 at 3.1 GHz, 1.177 at
5.2 GHz, and 1.173 at 8.5 GHz. Accordingly, the impe-
dance bandwidth for the designed antenna is 6.23 GHz as
depicted in Fig. 5.

Feed Line

Quarter Wavelength Transformer

Slotted Patch

Fig. 4. The circuit equivalent of the projected antenna.



198 Proceedings of the Estonian Academy of Sciences, 2022, 71, 2, 194-202

S S—— — T - - SO W—— I O | —
— : 1 . e R, — | PO e el | T
-24 T i T ;
1 2 ] 5 6 7 8 9.0682 10
Frequency / GHz

Fig. 5. Input reflection for the simulated antenna.

The radiation pattern in Fig. 6 indicates a three-
dimensional depiction based on spherical coordinates
(r, 8, @), supposing its starting point at the center of the
spherical coordinate system. For this antenna, the gain is
1.36 dBi, as shown in Fig. 6.

Figure 7 shows the surface current distribution in the
conductive portions of the proposed UWB antenna. The
surface current distribution seen here is an actual electric
current that has been induced by an external EM field. The
feeder, the patch radiator bottom, and several edges of the
decreased ground plane have distinct effective zones with
a maximum magnetic strength of 118 A/m.

The IEEE gain for UWB antenna within effective
impedance bandwidth is shown in Fig. 8. It ranges from 1.4
to 2.6 dBi within the 3-8 GHz frequency range. To further
understand how far-distance patterns’ radiation fields are
represented in the xz, Xy, and yz planes, see Fig. 9. Because
the xy radiation patterns are perpendicular to the E-plane
and coincide with the H-plane of a vertically polarized
antenna, they are horizontal plane radiation patterns. The
yz-plane and the E-plane have crossed paths. The yz pat-
terns are a type of radiation pattern in the vertical plane.

The UWB antennas in this research article have been
compared with reported antennas in [ 18-30]. The projected
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Fig. 6. 3D radiation patterns for the simulated antenna at 5.5 GHz.
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Fig. 7. Surface current intensity distribution for the simulated antenna at 5.5 GHz.
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Fig. 8. Gain result for the projected antenna.

antenna in this study has the smallest size with com-
petitive impedance bandwidth.

4. FABRICATION AND MEASUREMENTS

The projected UWB antenna was manufactured by means
of LPKF machine, including design steps and opti-
mization. A prototype was milled on the FR-4 epoxy
substratum; as depicted in Fig. 10, an SMA coaxial con-

nector was connected to the antenna feed end. At that
point, Anritsu 37369A Vector Network Analyzer was
tested experimentally.

The measured and simulated antenna results are
illustrated in Fig. 11. We can see that the measured and
simulated effects are closely organized. Some incon-
sistencies can also exist between the simulation and the
results of the measurement, especially the ripples in the
measurement and impedance bandwidth. This is because
of certain practical conditions such as SMA connector
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Fig. 9. Far-field radiation patterns for the projected antenna at 5.5 GHz.
Table 1. Comparison of the reported UWB antennas

Ref. Dielectric constant | Size (mm?) | Bandwidth range (GHz)
[18] 4.7 42 x50 2.78-9.78
[19] 3.38 45 x50 3-11.57
[20] 3.4 120 x 100 3-11
[21] 3.48 120 x 60 0.75-7.65
[22] 44 30 x 30 4-10
[23] 22 80 x 80 1.8-3.7 and 4.5-8.23
[24] 4.7 35 %49 3.5-5.97
[25] 4.6 60 x 69 2-8
[26] 44 24 x 36 4.8-7.8
[27] 44 26.6 x29.3 3.2-10.6
[28] 44 27 x 27 3.1-10.6
[29] 44 30 x 24 1.72-19.25
[30] 44 30 x 30 2.45-12.0
Proposed antenna 4.3 13 x 27.2 2.84-9.07

() (b)

Fig. 10. The prototype of the designed UWB antenna: top view (a) and bottom view (b).
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Fig. 11. The simulated and measured S11 consequences for the designed UWB antenna.

efficiency, potential noise in the lab environment, sol-
dering effect, and manufacturing tolerance. The dielec-
tric substrate constant has as well an unknown negative
effect.

5. CONCLUSION AND FUTURE TREND

A miniaturized UWB antenna has been designed based
on a slotted patch resonator, slotted feed and reduced
ground plane. The designed antenna has a 13 X 27.2 mm
overall size and it operates under the GHz frequency
range of 2.84-9.07. It was created using (CST) Micro-
wave Studio 3D EM simulation and analysis software.
The antenna can be used in early diagnosis aids to
detect early-stage breast tumors, which are seldom found,
thus enabling quick and successful treatment. Breast
tumor identification can be accomplished through various
means, with mammography being the most widely
employed. Mammography is a painful and limited X-ray
procedure for detecting breast tumors. Microwave imag-
ing that uses a microstrip antenna and microwave fre-
quency to detect breast tumors, presents an appealing
alternative to mammography.
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