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Abstract
In ASEAN countries, the fifth generation (5G) forum
proposed a 5G application lower frequency band (4.5–5.5)
GHz and the fixed satellite service (FSS) C-band at
(3.3–4.2) GHz. Previous research works have demon-
strated that the complexity of antenna design, large size
and in most of the cases, active elements that were
added to antenna has made the antenna costly. There-
fore, this research work focused on developing a single
band notched (SBN) and double band notched (DBN)
antennas by creating notched bands for 5G lower band
from 4.5 to 5.5 GHz and C-band 3.3 to 4.2 GHz appli-
cations in antenna UWB spectrum. An UWB antenna
has been developed using low-cost FR-4 substrate with
partial grounding (PG) on a rectangular patch. A single
band and dual band notched UWB antennas were real-
ized for the 5G lower band through the use of a slot at
the top of the radiating patch and by adding an arc
shape open loop (ASOL) on the UWB antenna. Both
antennas are fabricated using the same FR-4 substrate
and tested using Vector Network Analyzer (VNA). The
voltage standing wave ratio (VSWR), return loss, gain,
and 2-D radiation pattern of the test results prove that all
antennas have excellent performance (compared to previous

research works) in notched band and UWB band frequen-
cies. Therefore, developed single notch and dual notch
UWB antennas are proposed as good candidates for 5G
lower band and C-band notched application environment.
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1 | INTRODUCTION

The increasing uses of wireless technology support the need
for antennas that can provide optimum performance across a
wide range of frequencies. The microstrip patch antennas
(MPA) have become common amongst considerably broad
categories because they offer attractive advantages such as
low-cost, lightweight, simple design and ease of manufac-
ture. The Federal Communications Commission (FCC) con-
sidered the UWB frequency band between 3 and 10 GHz for
commercial use in 2002. UWB operates in wide bandwidths,
which have enormous importance in recent research, com-
pared with the narrowband and broadband technology sys-
tem.1,2 For 5G networking, RFID, wireless transmission
networks, the automotive industry, MIMO systems and bio-
medical applications, the UWB technology provides high-
frequency data transmission for short distances. However,
for FSS applications with a band range of (3.3–4.2) GHz2

UWB technology has been developed recently for cellular
communications 5G at (4.5–5.5) GHz.3

Because of the design simplicity and selectivity and the
ability to adjust to meet specifications like impedance
matching, microstrip antenna has significant advantages over
other antenna form.4,5 Therefore, many methods such as
inset fed, CPW, defected ground (DGS), various slots and
patch formats are used for further performance enhancement.
It is particularly easy to achieve UWB frequency bandwidth5

by using the defected ground plane, and band-notched char-
acteristics can be achieved by using slots technique.6

Recently many research projects with dual-band notched
functions for different wireless applications have been pro-
posed within UWB bandwidth.7,8,9

A CPW antenna with a UWB techniques is currently
being considered to have a double rejection bands in Refer-
ence [6]. The antenna can operate between 3.1 and
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10.6 GHz along two stop band frequencies. The first notched
band operates between 3.2 and 3.8 GHz, while the second
notched band operates between 4.8 and 6.2 GHz. The first
band-notch was achieved by designing two symmetrical
slots on the ground plane, while the second band-notch was
achieved by added a split ring slot (SRS) on the radiating
patch. The proposed antenna has a 3 dB average gain with
less variance over the entire bandwidth, while the band-
notched frequencies have no gain. Furthermore, the anten-
na’s surface area is as small as 30 � 30 mm.2 A monopole
antenna have been created in Reference [7], the antennas are
replaced with compact spade-shaped ones that feature two
notch portions (lower and upper). It has a small dimension
of 34 � 30 mm2 and operates the UWB bandwidth with two
notched bands of (5.15–5.35) GHz for lower WLAN and
(5.725–5.825) GHz for upper WLAN. It has been suggested
with a U-shape slots on the patch and W-shape slots on the
grounded section in Reference [8]. As a result, the proposed
antenna has an 8.61 GHz (2.87–11.48) GHz bandwidth for
UWB applications, as well as a dual band-rejection charac-
teristic. The Wi-MAX band of (3.24–3.65) GHz and the
WLAN band of (5.01–6.01) GHz were both rejected by the
antenna. In the presence of notched band antenna, a 5.5 GHz
WLAN antenna has been suggested in Reference [7]. With
an appropriate VSWR, the entire frequency range of 3.1–
11 GHz has been accommodated by the proposed design.
3.4–4 GHz and 4.9–6 GHz are two notched-bands. The
antenna is 35 � 24 mm2 in size. There has been a suggestion
that CPW-fed textile antennas can be used for UWB applica-
tions in Reference [9]. This proposed antenna achieves
8.9 GHz operating frequency from 1.8 to 10.7 GHz. Wi-
MAX operates at frequencies of 3.3–3.7 GHz and Bluetooth
is 2.3–2.5 GHz. To achieve dual band rejection characteris-
tics, two semi-circular split ring resonator (SSRR) slots have
been built on the radiating element. Despite its large size,
however, it has a dimension of 43 � 40 mm2. An antenna
dimensioning map shows that to be the majority of the
antennas can be designed with broad tolerances for signifi-
cant applications, with smaller dimension goals in mind. As
a result, antenna architecture is a fascinating area of
research.

Authors10 offer an ultra-compact UWB patch antenna
with a partial ground plane. It is initially intended for UWB
applications running in the (3.1–10.6 GHz) UWB spectrum
part and then it is changed to function at three unique fre-
quencies of 2.45, 5, and 10.2 GHz. This is the final version.
Instead of using traditional patch antenna elements like slots
and stubs, the new antenna (18 � 18 mm2) will make use of
more advanced ones like defective ground structure (DGS).
A UWB antenna with two slits is proposed in this article.11

In addition to a circular ground plane the antenna also
includes a patch radiator with two slots and a folding arm.
The antenna is made up of three parts. To accomplish UWB

band a patch with a folding arm is employed while a
V-shaped and a split ring-shaped slit are used to avoid inter-
ference from the WLAN (5.15–5.825 GHz) and 5G (3.4–
3.7 GHz) bands respectively. Antenna prototype with a sur-
face area of 75 � 10 mm2. With on-demand WLAN band-
rejection this article12 describes the design and implementa-
tion of a small UWB antenna. Simple rectangular patch
antenna with U-slot and partial ground plane on Taconic
TLY-5 substrate for the proposed antenna. The suggested
antenna outperforms the current UWB antenna due to its
small size radiation stability and very wide impedance band-
width. The unique antenna has a very wide operational band-
width of (2.9–23.5 GHz) according to simulations and
measurements and band rejection for WLAN (4.9–6.1 GHz)
wireless application. The dual band notched UWB (3.2–
10.5 GHz) antenna13 describes the design and construction
of a compact coplanar waveguide-fed. It has on-demand
notch bands from (4–5.78 GHz) and (6.83–8.22 GHz) mak-
ing it a versatile antenna. One octagonal patch antenna has
been designed using a low-cost FR4 substrate. Using nega-
tive permittivity unit cells a wideband UWB antenna (2.85–
11.52 GHz) with quadruple band notched characteristics is
shown in this paper.14 Four complimentary split ring resona-
tors are etched on the modified rectangular patch to obtain
quad notched band characteristics at required frequency
bands which are subsequently tested experimentally.

A compact monopole microstrip patch antenna with rect-
angular slot (RS) on the patch and ASOL on top of the radi-
ating patch is proposed in this paper. A cost efficient FR-4
dielectric material with permittivity of 4.4, loss of 0.025, and
a dielectric height of 1.6 mm is used for the proposed
design. The antenna is designed and simulated for 5G and
expanded frequency for UWB using both CST MWS and
HFSS simulators. The simulation and test results show that
the antenna operates between 2.91 and 15.3 GHz.

2 | ANTENNA DESIGN DETAILS

2.1 | Basic UWB antenna

A rectangular patch antenna (RPA) was designed by taking in
the formulas defined in Reference [4] where antenna feedline is
a (λ/4) microstrip line for the resonant frequency (fr), dielectric
constant (εr = 4.4) and substrate height (h = 1.6 mm). The
antenna operates in the center of the UWB frequency range at
6.85 GHz. A FR-4 substrate with a conductive layer trace
thickness (t) of 0.035 mm is used for the design and simulation.
Antenna dimension of 35 � 30 mm2 was optimized.
Equations (1–6) were used to calculate the radiating patch
dimensions which were used for simulation. The optimized
dimensions are width (Wp = 11.5 mm), patch length
(Lp = 14 mm), feedline width (Wf = 3 mm), ground plane
(Lg = 35 mm), and partial ground (Lg1 = 8 mm).
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The light velocity (3 � 108 ms�1) is c and the input
impedance is Zo. Conventional RPA has a small bandwidth,
but popular for its simplicity and consistent efficiency.
Hence a special technique needs to be applied to enhance it
is bandwidth and partial grounding technique is commonly
applied for. For this purpose, the ground plane size of RPA
was reduced to obtain the entire UWB bandwidth. The par-
tial grounded RPA (PG-RPA) is designed with bandwidth of
(3.4–11.83) GHz. In Figure 1A1–A3, the antenna physical
layout and return loss characteristics are presented. From
(A3) it is clear the return loss which is simulated by CST and
HFSS, both simulation result have excellent matching at

UWB bandwidth. Moreover, the surface current (A4, A5) of
UWB middle band at 6.95 GHz is 49.4 A/m and the reso-
nant frequency at 4 GHz accumulated same amount of
current.

2.2 | Single band notched (SBN-UWB)

A single band notched ultra-wideband (SBN-UWB) has
been achieved by introducing a rectangular slot at the top
side in the radiating patch. The SBN-UWB geometry is
shown in Figure 2(B1), the simulated (CST and HFSS) S11
is shown in (B2) and each simulated result is same within
UWB bandwidth as well as band notched. The antenna
bandwidth has also increased as a result of the slot as pres-
ented in (B2). It is also observed that the notched can be
controlled by changing the slot dimension and the huge
amount of current 339 A/m accumulated at 4.9 GHz due to
this slot shown in (B3). The return loss plot (B2) is found to
have a notched band ranging from 4.5 to 5.5 GHz with a
high-return loss of about �2 dB. With the center frequency
of the notch which defines by the dimension of slot and can
be expressed as Reference [5], the band rejection function
can be achieved by using Equations (7) and (8).

f notch ¼
c

4L0
ffiffiffiffiffiffiffiffiffiffi
εrþ1ð Þ
2

q ð7Þ

L0 ¼LcþLd ð8Þ

FIGURE 1 Top and bottom view (A1, A2)
4 of the UWB antenna, (A3)

4 comparison of S11 between PG–RPA and PG-TFS antenna respectively,
(A4, A5)

4 surface current distribution, (A6) fabricated antenna and (A7) comparison of S11 with simulation (CST, HFSS) and measured result
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Here, Lc ¼ Length of the small slot, Ld ¼ Width of
the slot.

The notched bandwidth can be controlled by changing
the value of Lc and Ld.

Changing the values of Lc = 2 mm and Ld = 1.2 mm
has a notable impact on the output of the band-notched char-
acteristics. The value of La is constant with 10 mm.

2.3 | Dual band notched (DBN-UWB)

The dual band notched was achieved by added an ASOL top
on the rectangular slot. Figure 3C1 depicts the DBN-UWB
(open loop) antenna’s geometry, (C2) shown the close loop
antenna. While (C3) depicts the simulated (CST and HFSS)
return loss. From C3, it is proved that both simulator soft-
ware has perfect matching with dual band notched and
UWB bandwidth. The band notched from 3.3 to 4.2 GHz
has achieved in C-band due to the open-loop and it produces
strong results on the second notch from 4.5 to 5.5 GHz
resulting in stable performances for both band notched. (C3)
shows that the two band have a combined return loss of over
�3 dB. C4 and C5 show the surface current at middle
notched frequency band at 3.75 GHz, 5 GHz both frequency
band has accumulated around 185 A/m current due to slot

and ASOL. C6 illustrated the combine result of the open and
close arc shape loop. The opened loop geometry with
(w = 0.75 mm and g = 2.3 mm) has been found to have sta-
ble efficiency on dual band notched as well in UWB band-
width. The dimensions mentioned in Table 1(T1) further
demonstrate the differences between SBN-UWB and
DBN-UWB.

3 | EXPERIMENTAL VALIDATION

The proposed UWB, SBN-UWB, and DBN-UWB antennas
are fabricated and their performances are measured to vali-
date with simulation results. The test setup together with
anechoic chamber is shown in Figures 1A6, 2B4, and 3C7.
Return loss have good agreement between simulation and
measured illustrated in Figures 1A7, 2B5, and 3C8, respec-
tively. The simulated and measured gain is presented and
compared in (C9) for proposed antenna and found good
agreement for the entire range of ultra-wide band including
notches. The average gain over ultra-wide bandwidth is
above 4.0 dBi for the proposed antenna. The peak gain
reaches to 6.5 dBi for SBN, 6.0 dBi for DBN while the gain
drops close to 0 dBi at notches for proposed designed

FIGURE 2 Layout of SBN-UWB (B1)
4, simulated (CST, HFSS) return loss (B2)

4, surface current (B3), testing prototype antenna (B4) and
comparison between simulated and measured return loss (B5)
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FIGURE 3 Physical dimension of the proposed DBN-UWB antenna open loop, close loop (C1, C2)
4, simulated return loss (C3)

4, surface current
(C4, C5)

4, comparison S11 between closed-loop and open-loop (C6)
4, photograph of testing fabricated antenna (C7), comparison between simulated,

measured return loss (C8), gain (C9) and polar pattern (C10, C11), input and output pulses (C12), group delay(C13), phase (C14)

HASAN ET AL. 5



antennas. The measured E-field and H-field patterns are
shown in (C10, C11) which resemble to monopole antenna’s
pattern. It observed from the 2-D polar patterns are not stable
in middle of band notched frequency such as 3.75 and
5 GHz. (C12) depicts the proposed DBN-UWB antenna’s
transient response to a Gaussian pulse. For both the input
and output voltages, the waveform responses exhibit very
good matching of antenna impedance with transmission line
at resonant frequency. The group delay varies from �3 to
1.5 ns for the entire range of UWB. The group delay is less
than 1 ns for frequency ranges (5–11) GHz which conform
the performance is very good shown in (C13). The phase var-
ies from +180� to �180� for frequency range (3–11.40)
GHz. At higher and lower frequency bands, the phase ver-
sion is unstable as shown in (C14). Some recent research
presented in Table 1(T2). From this table, it has been compa-
rable with this research work, within size, UWB bandwidth,
max. gain and applications.6–8,11,15–19

4 | CONCLUSION

This article has planned, analyzed, and valued a compact
UWB antenna with dual-banded characteristics. FR-4 is
the basic RF substrate used in the UWB antenna design.

The dual-band rejection is achieved by an arc shape open
loop with a rectangular slot top on the radiating patch.
Since the slot parameters have the same advantages as the
antenna, it is easy to use them as a mechanism for tuning
and in an improved rejection bandwidth. With the ASOL
and slot was supported with bandwidth ranged from 3.3 to
4.2 GHz and 4.5 to 5.5 GHz, respectively. Furthermore, it
performs well over the entire spectrum of UWB frequen-
cies. The experimental results have been supported with
simulated result. In addition, the compact size, simple
design, and band rejection make the antenna ideal for
future 5G applications.
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