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ABSTRACT Antennas with high gain that can operate in Super Wide Band (SWB) frequencies can
be employed for a variety of wireless applications that serve different telecommunications infrastructure
and radar applications. However, wide-bandwidth antennas suffer from interference from other wireless
technology networks, necessitating the deployment of strategies to block some undesired signal frequencies.
A new method for increasing bandwidth by shortening the taper slot length of the Vivaldi antenna and
increasing the antenna radiation pattern by using a wavy structure and adding a Square-Complimentary
Split Ring Resonator (S-CSRR) structure that can notched-band several frequencies has been investigated
on the Coplanar Vivaldi Antenna (CVA). In this study, we investigated seven different types of antennas:
Conventional CVA (C-CVA), CVA-Short Slot and Long-Slot (CVA-SS and CVA-LS) with antenna lengths
of 10 and 15 cm, wave CVA (WCVA), and WCVA with CSRR. In all frequency bands ranging from
2.3 to more than 30 GHz, the S;; of the CVA-SS antenna is less than —15 dB with minimum S;; of
—62.21 dB. When compared to the CVA-LS without a corrugated construction, the WCVA-SS antenna has
5.77 dBi improvement of directivity at 15 GHz. By incorporating the S-CSRR structure into WCVA, four
notched frequency bands are formed: 3.335-3.72 GHz (WiMAX spectrum), 4.72 - 5.354 GHz (WLAN),
6.07-6.743 GHz (Wifi 6E usage), and 7.408-8.293 GHz (X- satellite bands). S-CSRR also potentially result
in circular polarization at 4.6—-5.3 GHz with the minimum AR of 0.438 (at 5 GHz), at 7.8 —8.2 GHz with the
minimum AR of 0.732 (at 8GHz) and at 27 GHz with AR of 2.1 by constructing a U shape with four SCRRs.
There was also good agreement between simulation and measurement results. As a result, the WCVA-SS
antenna with a Square-CSRR structure may be recommended for the usage of SWB antennas, where a single
antenna can serve numerous telecommunications and radar system applications.
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I. INTRODUCTION

Ultrawideband antennas have become popular for research
and use in the wireless industry ever since the FCC
allowed it to market communications in the 3.1-10.6 GHz
frequency [1], [2], [3]. Ultrawideband antennas offer the
benefit of enabling short-range wireless communications
with high capacity while employing low-cost and low-energy
transceivers. It should be noted that UWB short pulse signals
can boost transmission speed, resist multipath fading and
frequency selective fading, and provide excellent security and
resolution for accurate indoor positioning systems [4], [5].
When compared to existing wireless technologies such as
Bluetooth, UWB technology provides stronger localization
capabilities and may be used for radar applications such
as inside scanning and pin-pointing item positions and
tracking [6], [7], [8]. UWB technology may be utilized
for a variety of IoT [9], [10], automotive [11], and mobile
applications [12]. Besides that, the need for communication
using the Internet of Things (IoT) is also increasing,
including wireless sensor networks, smart grids, control and
automation systems, smart devices, and others [13], [14].
As communication demands evolve, so does the demand for
mobile devices that can work in a variety of standards, be used
in a variety of fading/interference settings, and be utilized for
a variety of applications. To build this communication, the
transceiver requires an antenna, preferably which has a small
size and low fabrication.

Monopole and Vivaldi antennas are examples of antennas
that can operate at frequencies with a broad bandwidth.
Vivaldi antennas functioning at UWB frequencies have
been studied in [15], [16], and [17], whereas Monopole
antennas have been investigated in [18], [19], and [20]. Many
Vivaldi antenna studies have been conducted to enhance
bandwidth and gain such as Phased Adjusting Unit lens [21],
Pseudoelement, corrugated [22], metasurface structure [23],
dielectric load [24], and 4-dielectric layer [25]. However,
some of these antennas are huge, difficult to build, and do not
have a compact design due to the usage of lenses, many layers
of substrate, and metasurface structures. Furthermore, some
bandwidth impedance performance has not been satisfied
since not all predicted frequencies in the required bandwidth
goal have a VSWR of less than 2.

Nowadays, super-wideband (SWB) antennas are the main
choice because they can cover various technological stan-
dards and reduce the overall size and weight of the device
[26], [27]. UWB antennas have a Bandwidth Ratio (RBW)
of 3.42:1 while antennas that have an RBW greater than 10:1
are classified as super wide band antennas (SWB) [13], [28].
A super-wideband antenna (SWB) can be the best choice
as it includes several standards and wireless technologies in
defense and security, which reduces the overall size/weight
of the module whereby this SWB antenna can cover both
short and long-range communications. The SWB antenna can
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support the use of a large number of wireless applications
with a single device [29], [30]. SWB antenna technology
can meet the demand for wireless sensors in various fields
including the field of defense and security, and microwave
imaging for surveillance [31] which can provide high data
capacity, wide-coverage, higher Doppler resolution, high-
resolution imaging, sensing and screening in free space,
and overcome lossy media [32], [33]. The research on
Vivaldi antennas that function at SWB frequencies using
bandwidth-expanding approaches is still relatively restricted,
particularly those that can cover the very low VSWR
performance at all SWB frequencies.

However, interference is a serious problem at UWB and
SWB frequencies because certain bands must notched out to
avoid interference from other network technologies including
Wifi and Wimax communications. Band-notch technique
and Reconfigurable antennas have tunable characteristics
including operating frequency, bandwidth impedance, and
polarization are candidates to provide multifunctionality [34].
Many techniques have been carried out to block unwanted
frequencies such as split-ring resonators, complementary
split-ring resonators, open-loop resonators, and discrete
filters [35], [36], [37]. The use of discrete filters is done by
providing additional components thereby increasing the size
of the antenna [38], [39]. It is necessary to research antennas
that work UWB and SWB by examining notched bands for
numerous frequencies that might create interference, as well
as research on boosting antenna gain and polarization so
that single antennas can be utilized for a variety of desired
applications.

We investigate a novel compact Coplanar Vivaldi Antenna
(CVA) with the same element width namely 5 cm (0.39)\;)
by varying the length of the antenna and the tapered slot.
it produces a very wide bandwidth from 2,3 GHz to more
than 30 GHz. The antenna has an S|; of less than —14
dB at all frequencies covering 2.4 to more than 30 GHz.
There are seven different kinds of antennas: Coplanar Vivaldi
Antenna Conventional (CVA-C) with the size 5 x 5 cm?,
CVA-LS (Long-Slot) and CVA-SS (Short-Slot) with the size
5 x 10 cm?, also CVA-LS (Long-Slot) and CVA-LS (Short-
Slot) and Wave Coplanar Vivaldi Antenna with/without
CSRR (Complimentary split Ring Resonator) with the size
5% 5cm?.

The SWB CVA antenna that we propose is created using
the four step techniques outlined below and produces novelty:

1) Varying the length of the Vivaldi tapered slot to
improve the bandwidth of the antenna. Presently,
the most extensively produced Vivaldi antenna is the
AVA type antenna since it has a broader bandwidth
than CVA. Vivaldi antenna research typically has a
fractional bandwidth that is not very broad, with a max-
imum S of roughly —10 dB. Typically, the bandwidth
is increased by expanding the antenna, but no one has
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investigated the effect of modifying the length of the
tapered slot on the antenna bandwidth. We altered the
length of the tapered slot, to create greater performance,
specifically a very broad bandwidth (SWB frequency).
We found that CVA-SS can work from frequency
2.3 to more than 30 GHz with a maximum Sj; of
—15 dB at these all frequency band and minimum Sy
of —62.21 dB.

2) To boost the gain, the patch structure is modified using
a wave structure. To improve the gain of the Vivaldi
antenna, lenses/additional substrates, metamaterials,
or a corrugated structure are typically added. We added
a wavy structure on CVA and it received an increase
in gain at most of the antenna’s operating frequencies,
with the highest increase in directivity occurring at
the 15 GHz frequency of 5.77 dBi. (CVA-SS has a
directivity of 2.35 dBi while WCVA-SS (using wave
structure) has directivity 8.12 dBi at 15 GHz)

3) Add CSRR to see the notched-band frequencies.
Currently, the notched band technique has been
accomplished by adding extra external devices or
constructing meanderline or parasitic structures that
have a more sophisticated design and generally
generate only several notched bands. Since Vivaldi
antennas operate at such a wide frequency range, they
may be interfered with by other wireless network
technologies, we provide a Square CSRR structure on
the opposite side of the feeder so that four notched-band
frequencies are generated. In this study, the intended
frequency of the notched-band may be altered by
changing the position and geometry of the CSRR. The
3.33 - 3.72 GHz (WiMAX spectrum), 4.72 - 5.35 GHz
(WLAN), 6.07 - 6.74 GHz (Wifi 6E use), and
7.40 - 8.29 GHz (X-satellite bands) are the constructed
of our antenna notched bands.

4) Modify the CSRR patch to know the circular polariza-
tion. Typically, Vivaldi antennas have linear polariza-
tion, and there is currently very little study on single
Vivaldi antennas that covers circular polarization.
In this study, we arranged four CSRR in a U shape to
create numerous frequencies with Axial Ratio values
less than three, including the 4.6-5.3 GHz frequency,
which has a minimum AR of 0.438, 7.8-8.2 GHz with
min AR 0.732 and 26.92-27.7 GHz with min AR 2.13.

The following sections are presented in such an order:
Section II details the configuration and parameters of the
proposed antenna. Section III Result and Discussion, and a
conclusion is drawn in Section I'V.

Il. CONFIGURATION AND PARAMETER OF THE ANTENNA
Figures 1 and 2 show the geometry and configuration of
the SWB Coplanar Vivaldi Antenna (CVA). The antenna is
designed on an FR4 epoxy substrate with a dielectric constant
of 4.6, a thickness of 1.6 mm, and a loss tangent tan § = 0.025.
The antenna’s radiation patch, which is composed of copper
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FIGURE 1. Coplanar Vivaldi Antenna (CVA): (a). 5 cm CVA-C
(Conventional), (b) 10 cm CVA-LS (Long Slot), (c) 15 cm CVA-LS (d) 10 cm
CVA-SS (Short Slot),and (d) 15 cm CVA- SS.
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FIGURE 2. Wave Coplanar Vivaldi Antenna : (a) W-CVA, (b) W-CVA with

Complementary split ring resonator(CSRR) and (c) CSSR and (d) variation
U-shape 4 CSRR.

TABLE 1. Parameter dimension of the antenna.

Antenna dimension in mm

Par | Dim | Par | Dim | Par | Dim
a 50 o 112 B 0.5
b 50 p 134 C 7
c 3 q 10 D 14.5
d 7.5 r 15 E 5
e 30 s 6° | G | 125
f 10 t 11 H 2.5
g 12 u 60.5 1 5
h 6 \% 0.25 J 7.25
i | 120°] w [025| K | 05
j 2.5 X 63 L | 0.75
k 150 y 3 M | 9.75
1 0.5 z 1 N | 0.75
m 10 R 0.5
n 62 A 51

with 0.035 mm thickness, is mounted on the top and bottom
of a printed circuit board (PCB).

Figure 1(a) shows a conventional Vivaldi coplanar antenna
(CVA-C), while Figures 1 (b) and (d) are CVA antennas
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with a length of 10 cm but have different tapered slot
lengths. Figure 1(b) is a Vivaldi antenna with a tapered
slot length R which is longer than in Figure 1(d). The
dimension of CVA-C is 50x50 x 1.6 mm?> and it equal to
0.39A1 0,390, x0,012Ap (fp=2.37 GHz). To describe the
slope of the tapered slot, equation 1 can be used.

y2 =)
esz _ eRxl

ylesz _ yzeRxl

y=C1.e + 0y, C) = ,Cr =

ngz _ ERXl

ey

In equation 1. y is the coordinate of the point which forms
the slope of the tapered slot and its value is based on the
constants C1 and C». x1, y1 and xp, y, are the start and end
coordinates that will form the tapered slot line. We determine
the initial center point of the x and y coordinates at the point
(0,0) so that to form a tapered slot with an upward slope,
the values (x1, y1) are (125, 25.25) and (x2, y2) has a value
of (150, 40) while to form a tapered slot with a downward
slope, the point (x1, y1) is (125,24.75) and (x2, y2) is (150,10).
Points yy, y» are determined based on the initial slot width
(wsl) and the tapered slot opening width (wt).

In Figures 1 and 2, the entire antenna has the same fixed
slot length d of 7.5 mm and after slotting d, the slot width will
change according to the predetermined opening rate constant
R. In this article, we set the value R = 0.2 for all coplanar
tapered slots. The smaller the R-value, the wider the opening
mouth between the two tapered slots. Figures 1(c) and (e)
are CVA-LS (Long slot) and CVA-SS (Short Slot) with an
antenna length of 15 cm. Figure 2(a) is a CVA-SS which
has a wave structure on both edges of the antenna and in
this case, we called it WCVA-SS. The wave structure follows
equation 2, where we set the values of K1 =2, K> =1, K3 =
2.5, K4 = 2 and K5 = 10. By changing the K value, the
length/width, depth, and number of waves will change the
geometry following equation 2.

£y = Ky (Kz — K cos (%)) %)

5

Figure 2(b) shows the WCVA-SS with CSRR structure.
The CSRR structure is made up of two concentric rings with
opposing opening orientations. A split-ring resonator’s (SRR)
complement image is called a CSRR. It is accomplished in
a patch antenna by excising the copper shaped like an SRR
from the ground plane of CVA as shown in Figure 3. Voltage
gradients between the CSRR gap and inductance happen
when the current flows along the CSRR coils. The effective
permittivity in the vicinity of the resonant frequency is altered
by the CSRR’s ability to interact with the electric field. When
an external magnetic flux is applied, the SRR can function
as a magnetic dipole, and when an external electric field is
applied, the CSRR can function as an electric dipole. The
notch center frequency and the total size of the CSRR are
correlated [40], [41]. The CSRR’s whole perimeter as shown
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FIGURE 3. The structure model of an (a) SRR, (b). CSRR, (c) Equivalent
circuit of SRR and (d) Equivalent circuit of SRR.

in equation (3)

1
n=1,2.3, e = 2

L=M)\2=
1= hdea 2

3)

where c is the speed of the light (3 x 108m/s), &,, is dielectric
constant of 4.6, &, is the equivalent permittivity and where is
the total length of the CSRR. The resonance frequency f;, of
the CSRR can be set to get the notched band. To improve the
stopband suppression effect, the two split rings’ perimeters
should be sufficiently close to one another.

An LC resonator can be used to model the SRR. The
general equation for describing the analogous LC circuit
for the SRR and CSRR circuits is in the Equation 4-8.
The corresponding CSRR circuit that we utilize is shown
in Figure 9, which is a simplified Chebyshev impedance
matcher high order high pass filter. We used Qucsstudio
software to obtain several resonant frequencies in the
equivalent circuit that we created. Many steps of the tee
type circuit coupled between C and L are required. The
capacitance between the two rings, represented by Co,
is provided by equation (4)):

C, = 2m.dm.C,, @)

where dm is the average length between the two rings and Cp
is the total capacitance between the rings per unit length. The
value of dm is 0.75 mm. The SRR’s rings’ series capacitance
and inductance are determined by equation (5):

C, =G/4 (&)

and the inductance of a single ring with length d can
be used to estimate Ls. The SRR’s resonance frequency is
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FIGURE 4. Return Loss performance of (a) 5 cm CVA-C, 10 cm CVA-LS,
10 cm CVA-SS and (b) 5 cm CVA-C, 15 cm CVA-LS, 15 cm CVA-SS.

determined by equation (6):
1
2¢/LsCs

As demonstrated in Figure 3, the CSRR may be represented
as an LC resonator using the duality principle by substituting
series capacitance for the shunt inductance and shunt
inductors (equation (7)) for the series capacitors.

Jo= 6)

Ly = ZN.d.Lpu[ @)

where the per-unit length inductance is denoted by Lpul.
The CSRR’s rings’ series capacitance and inductance are
determined by equation (8)

L, =L,/4 ®)

IIl. RESULT AND DISCUSSION

From the simulation results in Figure 4, it is found that
antennas CVA-C (5 cm in length), CVA-LS (10 cm in length),
and CVA-SS(10 cm in length) have a S11 below —10 dB at the
low-end frequencies are 2.37 GHz, 2.45 GHz, and 2.48 GHz.
It can also be seen that the CVA-C and CVA-LS antennas
have S1; above —10 dB at frequencies 10.53-12.02 GHz
and 13.4-19.05 GHz, but for frequencies above 2.3 GHz
apart from these frequencies, this antenna has Si; below
—10 dB. The CVA-SS with the antenna length 10 cm and
15 cm has an S1; below —10 dB across all frequencies from
2.4 to more than 30 GHz. In this case, we just simulated
the antenna until 30 GHz. We only simulate antennas up
to 30 GHz to make the antenna performance graph clearer.
However, we attempted to simulate up to 60 GHz (see
Figure 6(a) and discovered that all S;; performance meets
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FIGURE 5. Return Loss performance of (a) 5 cm CVA-C, 10 cm CVA-LS,
10 cm CVA-SS and (b) 5 cm CVA-C, 15 cm CVA-LS, 15 cm CVA-SS.

below —10 dB at frequencies 2.3 to greater than 60 GHz.
Presently we utilize FR4 material in our simulation which
is easy and cheap to find but is actually not suggested for
high frequency usage. The wider the antenna bandwidth,
it needs the more simulation time and the higher the computer
specifications. According to the simulation findings, the Sy
CVA-C and CVA-LS (Long SLot) with antenna lengths of
5 cm, 10 cm, and 15 cm exhibit comparable loss performance.
At 11.39 GHz those antennas has maximum S;; is —6.5 dB
and at 15.36 GHz the S;; maximum is —6.89dB. However
At 11.39 GHz those antennas has maximum S;; is —6.5 dB
and at 4.36 GHz the $1; maximum is —6.89dB. However at
11.09 GHz, the CVA-SS antenna with a length of 10 cm has a
maximum S; of —10.4 dB, whereas the antenna with a length
of 15 cm has a maximum S;; of —14.3 dB.

Figure 5 shows the comparison of return loss and
directivity between CVA-SS and WCVA-SS in 15 cm antenna
length. It can be seen that both antennas have similar return
loss performance. WCVA-SS antenna has a bandwidth from
2.31 GHz to more than 30 GHz resulting in S1; values below
—15 dB at most frequencies. Antenna CVA-SS has the best
return loss performance at 3.7 GHz and 22,15 GHz which
is equal to —60.99 dB and —62.21 dB. Figure 5(b) shows
that the directivity performance of the WCVA-SS antenna
is better than the CVA-SS antenna without a wave structure
at most frequencies. At the frequencies, 5 GHz, 6 GHz,
7 GHz, 14 GHz, 15 GHz, 16 GHz, 20 GHz, and 25 GHz
the CVA-LS antenna has a directivity of 5.54 dBi, 6.17 dBi,
6.15 dBi, 4.52dBi, 2.35 dBi, 5.46 dBi, 3.96 dBi, and 4.00 dBi
while the WCVA-SS has a directivity of 7.17 dBi, 7.92 dBi,
7.63 dBi,7.18 dBi, 8.15 dBi, 9.86 dBi, 8.09 dBi, and 6.98 dBi.
It means that the WCVA-SS results in increased gain of
1.63 dBi (5 GHz), 1.75 dBi (6 GHz), 1.48 dBi (7 GHz),
2.66 dBi (14 GHz), 5.8 dBi (15 GHz), 4.40 dBi (16 GHz),
3.90 dBi (20 GHz) and 2.98 dBi (25 GHz). By providing
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FIGURE 6. The performance of WCVA-LS and WCVA-SS in (a)Return Loss,
(b) directivity vs freq.

a wavy structure, the highest increasing gain occurred at
the 15 GHz frequency of 5.8 dBi.

Meanwhile, Figure 6 is a comparison of return loss and
gain between WCVA-LS and WCVA-SS from 2-60 GHz.In
our simulations, we use CST. We carefully selected the
material properties to model the FR4 substrate. CST allows
for the selection of ‘lossy’ material models. For our study,
we chose the ‘lossy’ material model to accurately represent
the FR4 substrate, which includes its frequency-dependent
permittivity and loss tangent. This approach ensures that
our simulation results more closely reflect the real-world
performance of the antenna, including the impact of dielectric
losses at high frequencies. We acknowledge that the losses
in FR4 increase with frequency, and our simulation settings
were adjusted to take this into account, providing a realistic
estimation of the antenna’s performance up to 60 GHz.
From Figure 6(a) it can be seen that all WCVA-SS return
losses meet 10 dB, but for WCVA-LS there are several
frequencies that have an S;; of more than —10 dB. From
Figure 6(b), it can be seen that under 13 GHz WCVA-LS
has better directivity performance than WCVA-SS. However,
for frequencies above 13 GHz - 60 GHz, the directivity
performance of WCVA-SS is better than WCVA-LS at most
working frequencies.

Fig.7 displays the return loss performance of WCVA with
a square-CSRR structure on the side opposite the feeding.
According to the simulation results, increasing the CSRR
size causes changes in return loss performance. Fig.7(a)
shows that some Si; values are more than —10 dB for
frequencies less than 9 GHz. Figure 7(b) shows that there are
multiple repeating notched band frequencies. At a frequency
of roughly 2 GHz, adding the S-CSRR structure results in an
maximum S;; WCVA of —2.55 dB with the CSRR length
of 63 mm. By using an S-CSRR structure, several notched
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IS,,| (@B)

IS,/ @B)

FIGURE 7. Return Loss performance of WCVA-SS with variation the length
(x) of CSRR (a) at fequency 1.5-30 GHz and (b) the zoom out at a
frequency of 1.5-7.5 GHz.

bands are repeated at frequencies over 3 GHz. The notched
frequency band of about 3 GHz changes towards a lower
frequency (shifts to the left) when the x value increases. This
can be seen that when = 63 mm the notched band occurs
at a frequency of 3.28 - 3.68 GHz with a maximum S1; of
—4.7 dB (3.48 GHz), while for x = 67 mm, the notched band
occurs at a frequency of 3.00 - 3.58 GHz with a maximum
S11 of —4.4 dB (3.29 GHz). The notched band will repeat at
numerous frequencies. In this case, the notch band frequency
may be adjusted by modifying the CSRR length based on
equation 9.

C
L. /€

Figure 8 depicts S11 ’s performance when the width of the
S-CSRR is varied. The larger the width of S-CSRR, the lower
the low-end frequency and it shifts to roughly 3 GHz. It can
be shown that the low-end frequency at S;; —10dB for y =
6 mm, 5 mm, 4 mm, 3 mm, and 2 mm s 2.922 GHz, 3.02 GHz,
3.133 GHz, 3.324 GHz, and 3.505 GHz. Meanwhile, the
high-end frequencies for y = 2 mm, 3 mm, 4 mm, 5 mm, and
6 mm are 3.723 GHz, 3.781 GHz, 3.988 GHz, 4.218 GHz,
and 4.26 GHz, respectively. Based on the current data,
the broader the S-CSRR, the greater the bandwidth in the
notched band frequency. This may be observed for y =
6 cm, 5 mm, 4 mm, 3 mm, and 2 mm with notched band
bandwidths of 1.338GHz, 1.192GHz, 0.855GHz, 0.457GHz,
and 0.218GHz. The Notched frequency band is broadest at
y=6 cm and smallest at y=2 cm. However, the highest Sy
value occurs for y = 6 mm and the maximum Sy for y =
2cm.

To investigate the wideband characteristics of ultra-
wideband antennas, an equivalent circuit model of WCVA-SS
was created in the Qucsstudio 4.3.1 (Quite Universal Circuit
Simulator) like an ADS simulator, as shown in Fig. 9(a)
without CSRR and Fig.(b) with CSRR, while Fig 9(c)
demonstrates the return loss performance and its comparison
between Qucsstudio and EM simulation result. By using a

£ = 1.45. )
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FIGURE 8. Return Loss performance of WCVA-SS with a variation in the
width (y): (a) at frequency 1.5-30 GHz and (b) the zoom out at a frequency
of 1.5-7.5 GHz.

Square-CSRR construction, it can give numerous notched
band frequencies at frequencies less than 9 GHz. It raises
numerous S1; levels at different frequencies. The WCVA,
as it is a Vivaldi type antenna, is by nature UWB, which
guarantees adequate matching between the characteristic
impedance of the feed Zy of the 50 Ohm with the intrinsic
impedance of the free space, Z,; of the 377 ohm in a
wide frequency range, in this case, the equivalent circuit(EC)
can be simplified to a Chebyshev network impedance
matcher, as a high-order high-pass filter, as can be seen in
the illustration of the equivalent circuit in Figure 9 with
nine LC-type resonant elements. CRSS adds an equivalent
inductance to LC element number 4 of the network, which
moves the lower frequency limit (cutoff frequency in the
case of the equivalent circuit) to 9.75GHz.. Simulation result
shows the four notched bands developed at frequencies
3.335-3.72 GHz (IEEE 802.16 WiMAX spectrum) [42],
4.72 - 5.354 GHz (IEEE 802.11a WLAN), 6.07 - 6.743 GHz
(Wifi 6E use), and 7.408 - 8.293 GHz (X-band satellite
uplink and downlink communication) with maximum Sy of
—4.914 dB, —4.366 dB, —5.2 dB, and —7,625 dB. More
study is required to verify that the notch band created has
a greater maximum Sp; by making the frequency filtering
more reliable/sharp. By modifying the position, length, and
width of the S-CSRR, the notched band frequency may be
further adjusted to prevent interference at numerous narrow
microwave frequencies.

The directivity performance between CVA-C (5 cm), CVA-
LS (10 cm), and CVA-SS (10 cm) can be seen in Figure 10(a).
At 5 GHz, the directivity values are 4.2 dBi, 4,667 dBi,
and 5,498 dBi (CVA-C, CVA-LS, and CVA-SS), respectively.
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FIGURE 9. The Return Loss performance of WCVA-SS (a) without CSRR,
(b) with Square-CSRR and (c) the comparison of return loss performance.

At 15 GHz, the directivity values are 2,056 dBi, 2,343 dBi,
and 3,714 dBi ((CVA-C (5 cm), CVA-LS (10 cm), and CVA-
SS (10 cm)). Even though the return loss performance data
suggest that CVA-SS has the widest bandwidth, as shown in
Figure 4(a), this can be interpreted as an unstable increase
and reduction in gain. Figure 10(b) shows the difference
in directivity between CVA-C (5cm) and CVA-LS (15 cm),
CVA-SS (15 cm), and WCVA-SS (15cm). It can be shown
that at 5 GHz, the directivity created is 4.2 dBi, 4.61 dBi,
5.549 dBi and 7.172 dBi for CVA-C (5cm), CVA-LS, CVA-
SS, and WCVA-SS with the antenna length 15 cm. Whereas
at the 15 GHz frequency the directivity formed is 2.057dBi,
2.355dBi, 2.658 dBi and 8.125dBi acquired for CVA-C,
CVA-SS, CVA-LS and WCVA-SS. It can be observed that
the directivity values of CVA without a wave structure are
relatively similar at this frequency. however the WCVA-SS
has a directivity improvement of 5.77 dBi when compared to
CVA-SS without a wave structure. When compared to CVA-
LS, at 16 GHz WCVA-SS produces the maximum directivity
of 9,865 dBi and a gain improvement of 4,785 dBi. WCVA-
SS outperforms CVA without a wave structure at nearly all
frequencies. The antenna’s directivity can be enhanced by
incorporating a corrugated construction since the electric
field is focused in the corrugated structure.

Figure 11 depicts the variations in the polar form of
radiation patterns for frequencies of 3 GHz, 5 GHz, 8§ GHz
and 12GHz at 6 90°. While Figure 12 shows the polar
plot radiation pattern at 16 GHz, 22 GHz, 28 GHz and the
directivity vs frequency between WCVA without and with
CSRR. At the 3 GHz frequency, WCVA has a major lobe
of 4.71 dBi, main lobe direction of 3499, angle width of
52.3%, and side lobe level —0.5 dB whereas CSRR-WCVA
has a main lobe direction of 3.7 dBi, main lobe direction
of 351.0°, angular width(3dB) of 52.4% and sidelobe level
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FIGURE 10. Directivity of Coplanar Vivaldi Antenna (a) CVA-C ( 5 cm),
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FIGURE 11. Polar plot of radiation pattern WCVA with/without CSRR at
(a) 3 GHz, (b) 5GHz, (c) 8 GHz and (d) 12GHz.

—2.2 dB. At 3 GHz, WCVA without CSRR has stronger
directivity than WCVA with CSRR, while the converse is true
for the side lobe level. At 5 GHz, WCVA without CSRR has
a gain of 7.18 dBi and a sidelobe level of —7.7 dB, whereas
WCVA with CSRR has a gain of 4.09 dBi and a sidelobe
level of —2.4 dB. At 5 GHz, the difference in directivity
and sidelobe levels is 3.09 dBi and 5.3 dBi, respectively.
At 8 GHz, the WCVA has a gain of 5.3 dBi, an angular
width of 53.8°, and a sidelobe level of —1 dB, whereas a
WCVA with CSRR has a main lobe magnitude of 4.16 dBi,
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FIGURE 12. Polar plot of radiation pattern WCVA with/without CSRR at
(a)16 GHz, (b) 22GHz and (c)28 GHz and the performance of directivity vs
freq.

an angular width (3 dB) 16.6°, and a sidelobe level of
—1.7 dB. At 8 GHz, there is only a 1.14 dBi significant
difference in directivity and side lobe level for both WCVA
without and with CSRR. Figure 12(a)-(c) represents the
antenna radiation pattern at frequencies 16 GHz, 22 GHz,
and 28 GHz, whereas Figure 12(d) displays the directivity
performance in relation to frequency. At 22 GHz, the WCVA
with CSRR has a directivity of 7.00 dBi, whereas without
it it has a directivity of 4.58 dBi. At 28 GHz, the gain of
the WCVA with CSRR is 6.48 dBi, whereas the gain of
the WCVA without CSRR is 8.57 dBi. By using a CSRR
structure at 22 GHz, no band-notching occurs, resulting in
no drop in gain. Providing a CSRR structure at the 22 GHz
frequency boosts antenna gain by 2.42 dBi over not having
one. Using CSRR at 28 GHz results in a band-notched
frequency, lowering the gain by 2.09 dB. It is expected that
utilizing a CSRR construction will result in band-notched at
the target frequency, resulting in a decrease in antenna gain,
indicating that the antenna is not working optimally. The
directivity of an antenna without CSRR is higher than that
of an antenna with CSRR at frequencies of 3 GHz, 5 GHz,
8 GHz, 14-17 GHz, and 28 GHz. Because the antenna has an
S11 greater than —10 dB, the existence of bandnotched results
in a drop in radiation pattern performance, and vice versa.
Figure 13 depicts the difference in surface current between
WCVA with and without CSRR. At 5 GHz, the surface
current of WCVA with CSRR has more density that is
concentrated in the CSRR structure (see Figure 13(b),
resulting in notched bands at many frequencies. This demon-
strates that the electric field is contained within the CSRR
structure rather than being created externally. Meanwhile,
in Figure 13(a), the surface current concentration is localized
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FIGURE 13. Surface Current at 5 GHz (a ) WCVA-SS without CSRR and
(b) WCVA with CSRR.

between the apertures of the two tapered slots that arround the
circular cavity geometry. This demonstrates that the gain of
this antenna at the 5 GHz frequency without CSRR is larger
than the gain with CSRR.

The investigation of circular polarization on the WCVA
antenna element can begin by supplying four CSRR struc-
tures with a U shape orientation, as illustrated in Figure 2(d),
and the performance as shown in Figure 14 and 15.
Figure 2(d) shows that the CSRR employed comprises of
two vertical and two horizontal CSRRs. The horizontal
CSRR is connected to the vertical, and the length and width
of the CSRR position influence polarization performance.
Figure 14(a) depicts the return loss performance of a WCVA
antenna with a CSRR configuration in a U shape, with numer-
ous notched band frequencies visible. Figure 14(b) and 15(e)
demonstrate that AR 3 dB occurs across the frequency range
4.6-5.3 GHz, with a minimum AR of 0.438. Aside from
that, AR 3 dB occurs at the 8 GHz frequency, which occurs
in the 7.8 - 8.2 GHz frequency with a minimum AR of
0.732. Surface current at the 5 GHz frequency can be seen
in Figure 15. It can be seen that the current density is
concentrated more around the bottom CSRR (shown in red)
and the direction of surface current movement is circular
because it is blocked by the CSRR structure.

Modifications in the vertical length (M) of the CSRR
have an impact on AR performance, as well as the CSRR’s
horizontal position and placement. More research is needed to
enhance the AR bandwidth while maintaining the antenna’s
S11 < —10 dB value. Figure 15 depicts the surface current
distribution on the WCVA-SS with circular polarization for
various phases 09,909,189, and 270° degrees, conveying the
vector rotation. Figure 15 (a) and (c) show that the rotation
vector for phase 0° is opposed to phase 180°, However the
rotation vector for phase 90° is contrary to phase 270°.
Circular polarization is created by using a U-shaped CSRR
structure. It is possible to build a circular polarization of
WCVA antenna by altering the CSRR slot.

Figure 16 depicts a comparison between simulation results
with S1;1 WCVA measurements taken with the Keysight VNA.
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At most frequencies, notably below 10 GHz, there is a
good agreement between simulation and measurement. Even
though some measurement results are slightly different from
simulation results at high frequencies, this can be assigned to
the specifications of the connectors and cables used a little
improper for high frequencies up to 30 GHz. But overall it
shows that the simulation and measurement results of WCVA
seem good enough and good agreement because all of the
measurement result cover S;; below —10dB from 2,3 Ghz
until 30 GHz and indicating that this antenna can be used for
a variety of applications.

Table 2 compares the WCVA-SS antenna with related
references in terms of similarity of broadband, UWB, and
SWB antennas and band notched techniques. In this compar-
ison, we utilize a monopole antenna [31], [33], bowtie [54],
Dipole [55] and a Vivaldi antenna [43], [44], [45], [46],
[47], [48], [49], [50], [51], [52], [53], [56] since both
can typically span broadband frequencies. Despite its tiny
size, the antenna [31] only operates at the UWB frequency
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TABLE 2. Comparison with other related referenced.

Ref Ant. size(mm?) Freq(GHz) Notched
Ant. Type Subs, Method/type 10dB% BW | band (GHz)
[31] 0.37ALx 0.37AL 3.1-10.6 5.15-5.58
Monopole FR4, Slit 109
[33] 0.16 AL x 0.37A\L 1.44-18.8 N.A
Monopole FR4,Fractal 172
[43] 1122 x 2.1Ag, 6-20 N.A
BAVA RT5880, UWB 108
[44] 122 x 1.2A1 3-11 N.A
AVA RO 04003,MPSO 114
[45] 4N x 492\ 4-6.8 N.A
AVA FR4, Radar 52
[46] 0.33AL % 0.04)\ 1-6 N.A
AVA FR4, Broadband 143
[47] 0.42A1 % 0.61\L 1.3-12 N.A
AVA FR4,Metamaterial 161
[48] 0.45AL % 0.38AL 1.1-14 2.2-2.7
AVA FR4 171 3.3-3.6
sun slot,SRR 4.7-5.6
Metalic via 8.8-9.5
[49] 0.66A L x 0.66)\ L, 3-11 3.6-3.9
AVA RO 4003 , EBG 114 5.6-5.8
[50] 0.44A1 x 0.54\ 1.88 - 12.1 3.6-3.9
CVA Open step impedance 146 4.9-6.6
[51] 0.71AL x 0.92X 1 6.75-16.15 13.7-15.4
CVA RO 4350, parasitic 82
[52] 0.25A1 % 0.25A\L 29-11.6 5.3-5.8
CVA Tachonic, SRR 120 7.85-8.55
[53] 0.06AL x 0.07AL 0.45-4.5 0.45-0.85
CVA FR4,Pin dioda 164 5.1-5.8
Meanderline 3,3-3.8
[54] 0.25AL % 0.2A, 3.00-17.39 NA
Ver Bowtie FR4 141
[55] 0.69AL x 0.69A 1, 3.2-9.6 5.1-54
Dipole Tachonic RF35 100 5.6-5.9
[56] 0412 x 0.9\ 22,5-45 NA
AVA Rogers 4350B, Lens 67
Our 0.38AL x 1.15AL 2.31-60 3.3-3.7
purpose FR4 185 4.7-5.3
CVA Wave, CSRR 6-6.7
7.4-8.2

and creates one notched band, whereas the antenna [33]
operates at a maximum frequency of 18.8 GHz and does
not mention the notched band. The antenna mentioned in
reference [43] is the BAVA antenna, which operates at a
UWB frequency of 6-10 GHz. The BAVA antenna has two
layers of substrate, whereas our antenna only has one layer
of substrate and operates at lower low-end frequencies than
this BAVA antenna. The antenna [43] is wider than our
antenna, made of RO04003, and only operates at UWB
frequencies, whereas our antenna works at SWB frequencies.
References [44], [45], and [46] have similarly big dimensions
and only work at frequencies UWB, 4-6.8 GHz and 1-6 GHz
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FIGURE 16. The comparison of Return loss performance from simulation
and measurement results of WCVA.

using FR4 material. The antenna in reference [47] is an
AVA antenna that employs metamaterial methods. It has
broader antenna width than the antenna we constructed,
and it does not mention the notched bands. Meanwhile, the
antenna [48] has a bigger antenna width and employs a
sun-shaped slot, SRR, and metal via, making the approach
employed more complicated than the one we used, and it
only runs at 1.1-14 GHz. Despite [49], [50] has diminutive
size, but the antennas only function at UWB frequencies
and feature two notched bands. Antennas [51] and [52]
employ the same CVA antenna as the one we built, but they
work at a little lower bandwidth than our purpose antenna
and also create only 1 and 2 band-notched antennas. The
antenna [53] uses meanderline techniques in feeding and
PIN diodes, so there are additional external components and
only operated at 0.4-12 GHz. Antenna [54], [55], [56] has
the smaller bandwidth than WCVA. Whereas our purposes
antenna produces 4-band-notched using a simple structure,
namely CSRR-WCVA and can operated from 2.3 to more
than 60 GHz.

IV. CONCLUSION

Coplanar Vivaldi antenna design have been carried out,
namely CVA-C (Scm in length), CVA-LS (10 and 15cm
in length), CVA-SS (10 and 15cm in length), WCVA-SS
(15 cm in length) with and without CSRR. The CVA SS
that has shorter tapered slot length has better bandwidth
performance than the CVA-LS. The WCVA has S;; below
—15 dB in all frequency work from 2.3 GHz to more
than 30 GHz. CVA-SS has the best S1; at 22.15 GHz of
—62.21 dB. By providing a wavy structure, the antenna
gain performance can be increased in almost all frequency
ranges An increase in gain of 5.8 dBi occurs at the 15 GHz
frequency. By providing a CSRR structure, the antenna can
block frequencies 3.3-3.7 GHz (IEEE 802.16 WIMAX band),
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5-5.3 GHz (IEEE 802.11a WLAN and 6.1-6.8 GHz (Wifi
6E/ the sixth generation of Wifi 5.9-7.1). By providing
a U-shaped configuration for 4 CSRR on the WCVA,
it produces circular polarization on a single WCVA antenna at
afrequency of 4.6-5.3 GHz with a minimum AR of 0.438. The
WCVA antenna with a CSRR structure has the advantage of
being able to work in SWB, having high gain, having notched
bands at certain frequencies, and having circular polarization,
allowing this single WCVA antenna to be used for a variety
of telecommunications and radar technology applications.
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