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Abstract – In this paper, the radiation characteristics of the conventional Vivaldi antenna are improved by proposing a novel design of a
Vivaldi antenna. This proposed Vivaldi antenna is excited through three slots by using the L-probe microstrip feeder. The novel design can
provide higher gain and wider bandwidth compared to that of the conventional Vivaldi antenna of the same size. The CST MWS software
is used to simulate the proposed Vivaldi antenna. The measured and the simulated S-parameters were compared so that the feasibility of
the proposed Vivaldi antenna was validated. The measured S-parameters show that the impedance bandwidth of the proposed Vivaldi
antenna was from 1.976 to 7.728 GHz, while the measured maximum gain is 4.9 dBi at the operating frequency of 3 GHz.
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1. INTRODUCTION
The Vivaldi antenna was widely studied because of its
Ultra-Wide Band (UWB), high gain, end-fire beam with
low side lobes, and simple structure. The Vivaldi antenna is used in many applications, such as radar systems,
microwave imaging, and wireless communication systems [1, 2, 3, 4, 5, 6, 7, 8]. A tapered slot is etched onto
a thin metal film on a substrate to form tapered slot antenna (TSA), the Vivaldi antenna can be classified as a
TSA with an exponential taper. TSA belongs to the class
of traveling wave antennas [9]. The structure of the conventional Vivaldi antenna consists of the circular slot,
the rectangular slot, and the exponential tapered slot.
The circular slot can tune the impedance of the antenna
to be matched with that of the microstrip feed line. The
Electromagnetic wave is coupled from the microstrip
feed line to the exponential tapered slot line through
the rectangular slot. The required value of the characteristic impedance of the rectangular slot is achieved
by changing the width of this slot. This exponential tapered slot provides the guiding path for the radiating
Electromagnetic wave. The bandwidth and the directivity of the Vivaldi antenna depend on the exponential
function which is used to design the taper of the slot.
The length of the exponential tapered slot controls the
achievable bandwidth, while the maximum separation
Volume 13, Number 1, 2022

between the conductors of the exponential tapered
slot determines the lowest operating frequency. The
width of the flare is increased with distance from the
throat of the antenna feed. The design of the Vivaldi
antenna can be divided into the propagation section
and the radiation section. In the propagation section,
the electromagnetic wave is propagating from feed
line to the rectangular slot. The separation between the
conductors of the rectangular slot is small compared to
the free-space wavelength, thus the waves will not be
radiated. Then the electromagnetic waves travel down
the curve path of the flare along the structure of the
antenna through the radiation section. In this region,
the separation between the conductors is increased
and waves will be radiated from the antenna. The radiation will be started when this separation is widened
to the order of the free space half wavelength. A Vivaldi
antenna comprising of two adjacent Vivaldi exponential tapered slots with a rotated angle of 29° between
them was introduced in [5]. This Vivaldi antenna covers
a frequency range from 0.7 to 2.7 GHz, and a peak gain
of 8.3 dB can be obtained. In [10], a rhomboid shape
for the slot cavity is selected to be used with the Vivaldi antenna. This Vivaldi antenna provides a return loss
better than 10 dB in the band between 3 and 5 GHz,
and maximum gain of 5 dB. An antipodal Vivaldi antenna with exponential tapered slots and slot edges was
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presented in [11], this antenna operates at a frequency
band from 300 MHz to 2 GHz, and can provide a maximum gain of 11.5 dB. In [12, 13], a Vivaldi antenna with
a double-slot structure was introduced to improve the
gain by generating plane-like waves across the exponential tapered slot. The obtained bandwidth is from
2.5 to 15 GHz, and a maximum gain of 14.5 dB can be
achieved. In [14], a Vivaldi antenna with semicircular
embedment is proposed to increase the bandwidth.
This Vivaldi antenna has two bands, from 2.96 to 5.05
GHz and from 5.58 to 8.52 GHz. The maximum gain of 5
dB can be obtained in the band of 2.96-5.05 GHz, while
a maximum gain of about 6.5 dB can be achieved in
the band of 5.58-8.52 GHz. In [15], an antipodal Vivaldi
antenna with elliptically tapered radiators is presented
to provide a bandwidth of 1.65-18 GHz. In this paper,
the proposed novel Vivaldi antenna provides a higher

gain than that of the conventional Vivaldi antenna of
the same size. The improvement of the antenna gain
is achieved by using the three-slot structure, which
makes the aperture field distribution in the radiation
section more uniform and yields plane-like wavefronts.
In addition, the use of the three-slot structure improves
the matching between the microstrip feeder and the
slotline so that a wider bandwidth can be achieved. The
proposed Vivaldi antenna has a higher bandwidth than
the obtained bandwidth in [5], [10, 11] and [14]. Also,
the proposed Vivaldi antenna can reduce the antenna
size by 23% and 162.3% compared to those in [12, 13]
and in [15], respectively. Table 1 indicates the comparison between these different UWB Vivaldi antennas.
This paper is organized as follows: Section 2 describes
the antenna configuration. Section 3 presents the results and Section 4 concludes the paper.

Table 1. Comparison between different UWB Vivaldi antennas.
Ref

Antenna Substrate

Antenna Size

Antenna structure

Frequency range

Max.
gain

[5]

Duroid 5880 with permittivity of
2.2 and loss tangent of 0.004

260 × 254 mm2

Vivaldi antenna with two
radiation slots

0.7 - 2.7 GHz

8.3 dBi

[10]

FR4

62 × 32.5 mm2

Tapered slot Vivaldi antenna

3 - 5 GHz

5 dBi

[11]

Rogers 4350 with permittivity
of 3.48 and loss tangent of
0.004

600 × 450 mm2

Antipodal Vivaldi antenna

0.3 - 2 GHz

11.5 dBi

[12, 13]

F4B 5880 with permittivity of
2.65 and loss tangent of 0.001

150 × 80 mm2

Double-slot Vivaldi antenna

2.5 - 15 GHz

14.5 dBi

[14]

FR4 5880 with permittivity of
5.2 and loss tangent of 0.038

45 × 40 mm2

Semicircular patch
embedded Vivaldi antenna

Band-1: 2.96 - 5.05 GHz.
Band-2: 5.58 - 8.52 GHz

6.5 dBi

[15]

RO4003C with permittivity
of 3.38 and loss tangent of
0.0027

202 × 120 mm2

Elliptically tapered antipodal
Vivaldi antenna

1.65 – 18 GHz

14.2 dBi

Vivaldi antenna with three
exponential tapered slots

1.976 - 7.728 GHz

4.9 dBi

Current FR4 with permittivity of 4.3 and
116 × 79.65 mm2
work
loss tangent of 0.02

2. Antenna Configuration
The proposed and the conventional Vivaldi antennas
are simulated in CST MWS, and their geometrical configurations are shown in Figures 1 and 2, respectively. Both
the antennas have a size of 116 × 79.65 mm2.

2

This antenna size was selected in order to get a larger
mouth opening so that the value of the lowest frequency of operation can be reduced. The proposed Vivaldi
antenna comprises of L-probe microstrip feed line, three
circular slots, three rectangular slots and the exponential
tapered slot.
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(5)
Where h and εeff are the thickness and the effective
permittivity of the substrate, respectively. N is a positive
number (in this work, N = 3), λc is the wavelength at the
center frequency and the increased distance on each
end along the Vivaldi antenn is denoted by ΔL. The
width of the L-probe microstrip feeder (wm) is obtained
as follow [18]
(6)
(a)

(7)
Where zom is the characteristic impedance of the
L-probe microstrip feeder that was selected to be 50 Ω.
Also the width of the rectangular slot (ws) is determined
based on the following equation [19]
(8)
(9)
(10)

(b)

(11)

Fig. 1. Geometry of the simulated proposed Vivaldi
antenna (a) front view. (b) back view.

(12)

The exponential tapered slot consists of six exponential curves, where the exponential function which is
used to design each of these six curves can be deduced
by the following equation

Where λo is the free-space wavelength, zos is the
characteristic impedance of the slot line. The exponential
taper rate (R) can be calculated as follows [16]

(1)

(13)

Where R is the exponential taper rate, and A is a constant which was selected to be half the width of the rectangular slot. The value of the exponential tapered slot
opening width (wa ) is selected to be greater than (c/(
fc√εr )) and less than ((c(2M+1))/(2fmin√εr )), where M is
a positive number (in this paper, M = 1), c is the speed
of light, εr is the relative permittivity of the substrate, fc
and fmin are the center and the minimum frequencies,
respectively [16, 17]. The width (W) and the length (L)
of the Vivaldi antenna are designed based on equations
(2) and (3), respectively [17]

where (La) is the length of the exponential tapered
slot length. The structure parameters of the proposed
and the conventional Vivaldi antennas are listed in
Table 2. The front-view of the fabricated sample of the
proposed Vivaldi antenna is shown in Figure 3(a). The
L-probe microstrip feeder is used to feed the three
rectangular slots of the proposed Vivaldi antenna, as
shown in Figure 3(b). The lowest frequency of operation
is decreased as the mouth opening of the proposed
Vivaldi antenna is increased and vice versa. The size of
the fabricated antenna can be reduced by increasing
the value of the dielectric constant. Gain of the
proposed Vivaldi antenna can be increased by selecting
a material with a small loss tangent. FR4 dielectric
substrate was selected because of its availability and
low-cost. The thickness of the FR-4 substrate is 1.6 mm,
and its permittivity and loss tangent are 4.3 and 0.02,
respectively. The 50 Ω connector is used to feed the
proposed Vivaldi antenna.

(2)
(3)
(4)
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Table 2. Structure parameters of the proposed and
the conventional Vivaldi antennas.
Parameters
Antenna length (L)

116

116

79.65

79.65

Exponential tapered
slot length (La)

25

30

Exponential tapered slot
opening width (wa)

55.67

74.14

0.151825

0.151825

5.097

4.25

0.72

0.72

2.5485

2.125

47

47

21.15

24.53

Width of L-probe
microstrip feeder
height (wm)

2.8864

3.2

L-probe microstrip
feeder edge width

1.702

2

Length from L-probe
microstrip feeder to
the boarder

70.36

70.07

Circular slot radius
L-probe microstrip
feeder height
L-probe microstrip
feeder edge length

(b)
Fig. 2. Geometry of the simulated conventional
Vivaldi antenna (a) front view. (b) back view.

Dimensions of
conventional Vivaldi
antenna [mm]

Antenna width (W)

Exponential Taper
rate (R)
Rectangular slot
length
Rectangular slot width
(wa)

(a)

Dimensions of
proposed Vivaldi
antenna [mm]

3. RESULTS
The CST Microwave Studio software was used to simulate the proposed and the conventional Vivaldi antennas. The antenna parameters such as the S-parameters,
the radiation pattern and the gain were examined over
a range of frequencies 1 to 9 GHz. The Rohde & Schwarz
ZVL vector network analyzer (VNA) was used to measure the fabricated prototype of the proposed Vivaldi
antenna as shown in Figure 4.

(a)

Fig. 4. Measured S-parameters of the fabricated
prototype of the proposed Vivaldi antenna

(b)
Fig. 3. Geometrical configuration of the fabricated
proposed Vivaldi antenn (a) front view. (b) back view.
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The structure parameters in Table 2 were used to simulate the proposed and the conventional antennas in the
CST MWS simulation software. Figure 5 shows the measured and the simulated S-parameters of the proposed
Vivaldi antenna, and the simulated S-parameters for the
conventional Vivaldi antenna. The measured and the
simulated bandwidths of the proposed Vivaldi antenna
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are from 1.976 to 7.728 GHz and from 2.109 to 7.799
GHz, respectively, while the simulated bandwidth of the
conventional Vivaldi antenna is from 1.651 to 6.204 GHz.

frequency for the conventional Vivaldi antenna. For the
proposed Vivaldi antenna, the maximum measured antenna gain of 4.9 dBi is achieved at an operating frequency of 3 GHz. The measured and simulated results show
that the proposed Vivaldi structure can increase the
bandwidth by about 25% compared to the bandwidth
of the conventional structure. Except for the frequency
band from 4.7 to 5.4 GHz, the gain also can be improved
by implementing the proposed Vivaldi antenna.

Fig. 5. Measured and simulated S-parameters
of the proposed Vivaldi antenna, and simulated
S-parameters for the conventional Vivaldi antenna

Fig. 7. Measured and simulated gain of the
proposed Vivaldi antenna and simulated gain for
the conventional Vivaldi antenna
Figure 8 shows that the simulated radiation efficiency
is above 70% for the proposed and the conventional
Vivaldi antennas within the frequency range of 2–4 GHz.
The radiation efficiency of the proposed Vivaldi antenna
is equal or higher than that of the conventional Vivaldi
antenna, except in the frequency band of 5.1–5.6 GHz.
(a)

Figure 9 shows the simulated and the measured
E- and H-plane radiation patterns for the proposed
Vivaldi antenna at 4 GHz. For the simulated and measured E-plane radiation pattern, the direction of the
main beam is at 40°, the HPBW of 134.3° and 120° in the
simulated and the measured E-plane, respectively. The
main direction at 3° is obtained in the simulated and
the measured H-plane, while the HPBW of 90° and 82°
are achieved within the simulated and the measured
H-plane, respectively.

(b)
Fig. 6. 3D radiation pattern at the operating
frequency of 3 GHz (a) proposed Vivaldi antennas.
(b) conventional Vivaldi antenna
The 3D radiation patterns for the proposed and the
conventional Vivaldi antennas at the operating frequency of 3 GHz are shown in Figure 6. The proposed Vivaldi
structure can provide a radiation pattern with higher
gain. Figure 7 shows the measured and the simulated
antenna gain versus frequency for the proposed Vivaldi
antennas, besides the simulated antenna gain versus
Volume 13, Number 1, 2022

Fig. 8. The simulated radiation efficiency versus
frequency for the proposed and the conventional
Vivaldi antennas
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