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Abstract - In this paper, the radiation characteristics of the conventional Vivaldi antenna are improved by proposing a novel design ofa

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 CSTMWS 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 anten-
na is used in many applications, such as radar systems,
microwave imaging, and wireless communication sys-
tems [1,2,3,4,5,6,7,8]. Atapered slot is etched onto
a thin metal film on a substrate to form tapered slot an-
tenna (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 con-
ventional 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 charac-
teristic impedance of the rectangular slot is achieved
by changing the width of this slot. This exponential ta-
pered slot provides the guiding path for the radiating
Electromagnetic wave. The bandwidth and the direc-
tivity 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
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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 ra-
diation 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 exponen-
tial 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 Viv-
aldi 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 anten-
na with exponential tapered slots and slot edges was



presented in [11], this antenna operates at a frequency
band from 300 MHz to 2 GHz, and can provide a maxi-
mum 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 expo-
nential 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 com-
parison between these different UWB Vivaldi antennas.
This paper is organized as follows: Section 2 describes
the antenna configuration. Section 3 presents the re-
sults and Section 4 concludes the paper.

Table 1. Comparison between different UWB Vivaldi antennas.

Ref Antenna Substrate Antenna Size Antenna structure Frequency range ':;’:
Duroid 5880 with permittivity of 2 Vivaldi antenna with two .
[5] 2.2 and loss tangent of 0.004 T radiation slots O - 2 S SEel
[10] FR4 62 x 32.5 mm? Tapered slot Vivaldi antenna 3-5GHz 5 dBi
Rogers 4350 with permittivity
[11] of 3.48 and loss tangent of 600 x 450 mm?  Antipodal Vivaldi antenna 0.3-2GHz 11.5 dBi
0.004
[12, 13] ;gf aizsﬁ)xtggge;?t'tg;’gyo%f1 150 x 80 mm?  Double-slot Vivaldi antenna 25-15 GHz 14.5 dBi
FR4 5880 with permittivity of 2 Semicircular patch Band-1: 2.96 - 5.05 GHz. .
(41 52 andloss tangentof 0.038 2 *40MM* bedded Vivaldi antenna ~ Band-2: 558 -8.52 GHz 00 9B
RO4003C with permittivity I .
[15]  of3.38 and loss tangentof 202 x 120 mm?  CiPtically tapered antipodal 1.65— 18 GHz 14.2 dBi
0.0027 Vivaldi antenna
Current FR4 with permittivity of 4.3 and 116 x 79.65 mm? Vivaldi antenna with three 1.976 - 7.728 GHz 4.9 dBi

work loss tangent of 0.02

2. ANTENNA CONFIGURATION

The proposed and the conventional Vivaldi antennas
are simulated in CST MWS, and their geometrical config-
urations are shown in Figures 1 and 2, respectively. Both
the antennas have a size of 116 X 79.65 mm?.

exponential tapered slots

This antenna size was selected in order to get a larger
mouth opening so that the value of the lowest frequen-
cy 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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Fig. 1. Geometry of the simulated proposed Vivaldi
antenna (a) front view. (b) back view.

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

x(y) = +4e®” (M

Where R is the exponential taper rate, and A is a con-
stant which was selected to be half the width of the rect-
angular slot. The value of the exponential tapered slot
opening width (w, ) is selected to be greater than (c/(
fC\/sr)) and less than ((C(ZM”))/(me,-n\/Er))' where M is
a positive number (in this paper, M = 1), c is the speed
of light, £_is the relative permittivity of the substrate, f,
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]

(&

s SminVer (2)
_ @N+DAc
alry—i 2AL (3)
o
fopy = T2+ (14 22) 2 (4)
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—03- 0.264+%
AL=0.421xh( o3 Eeff) W (5)
0.258—89ff ()_84.I

Where h and ¢_ are the thickness and the effective
permittivity of the substrate, respectively. Nis a positive
number (in this work, N = 3), AC is the wavelength at the
center frequency and the increased distance on each
end along the Vivaldi antenn is denoted by AL. The
width of the L-probe microstrip feeder (w, ) is obtained
as follow [18]

_ hx8efle

Wm - e(He) —2 (6)
_ Zomy2(er+1) | 1(Er71 RN PN
H, = om 1201‘ + E(£r+1) [ln 5 + . In n'] (7)

Where z s the characteristic impedance of the
L-probe microstrip feeder that was selected to be 50 Q.
Also the width of the rectangular slot (w ) is determined
based on the following equation [19]

Zye =73.6—215¢, +A+B+C—D 8)
we 0.6

A = (6389 — 31.37¢,) (Z) (9)

— 2 _ __W/h
B = (36.23\/¢,2 + 41 — 225) <%+0.876£r_2) (10)
€ =051(e, +2.12) (%) In (“;L") (11)

0753 & (R/A)

e (12)

Where A, is the free-space wavelength, z _is the
characteristicimpedance of the slotline. The exponential
taper rate (R) can be calculated as follows [16]

R=1/Lg In(W/wy) (13)

where (L ) 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 Q connector is used to feed the
proposed Vivaldi antenna.



79.65 mm
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Fig. 2. Geometry of the simulated conventional
Vivaldi antenna (a) front view. (b) back view.
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Fig. 3. Geometrical configuration of the fabricated
proposed Vivaldi antenn (a) front view. (b) back view.

Table 2. Structure parameters of the proposed and
the conventional Vivaldi antennas.

Dimensions of Dimensions of

Parameters proposed Vivaldi  conventional Vivaldi
antenna [mm] antenna [mm]
Antenna length (L) 116 116
Antenna width (W) 79.65 79.65
Exponential tapered
slot length (La) 2 30
Exponential tapered slot
opening width (wa) 3567 7414
Exponential Taper
rate (R) 0.151825 0.151825
Rectangular slot 5097 425
length
Rectangular slot width 072 072
w,)
Circular slot radius 2.5485 2.125
L-probe microstrip
feeder height 4 4
L-probe microstrip
feeder edge length 2115 24.53
Width of L-probe
microstrip feeder 2.8864 32
height (w )
L-probe microstrip
feeder edge width 1702 2
Length from L-probe
microstrip feeder to 70.36 70.07

the boarder

3. RESULTS

The CST Microwave Studio software was used to sim-
ulate the proposed and the conventional Vivaldi anten-
nas. The antenna parameters such as the S-parameters,
the radiation pattern and the gain were examined over
arange of frequencies 1 to 9 GHz. The Rohde & Schwarz
ZVL vector network analyzer (VNA) was used to mea-
sure the fabricated prototype of the proposed Vivaldi
antenna as shown in Figure 4.

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

The structure parameters in Table 2 were used to simu-
late the proposed and the conventional antennas in the
CST MWS simulation software. Figure 5 shows the mea-
sured 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.
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S of the prop: Vivaldi antenna
40 S of the prop Vivaldi antenna -
‘ i S-p of the Vivaldi antenna|
45 T T T T
2 3 4 5 6 7 8 9
Frequency x10°

Fig. 5. Measured and simulated S-parameters
of the proposed Vivaldi antenna, and simulated
S-parameters for the conventional Vivaldi antenna
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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 frequen-
cy 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
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frequency for the conventional Vivaldi antenna. For the
proposed Vivaldi antenna, the maximum measured an-
tenna gain of 4.9 dBiis achieved at an operating frequen-
cy 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.

Gain [Magnitude in dBi]
T

5
™\,
o- \, i
@ N
& N
\
o \
s \\ 1
.
\
N,
——Measured Gain of the proposed Vivaldi antenna N\
=*=Simulated Gain of the proposed Vivaldi antenna L
imulated Gain of the ional Vivaldi antenna
10 T T 1 1
2 3 4 5 6 7 8
Frequency x10°

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.

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 mea-
sured 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.
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Frequency x10°

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



__==Simulated E-plane of the proposed Vivaldi antenna
== Measured E-plane of the proposed Vivaldi antenna
==Simulated H-plane of the proposed Vivaldi antenna

== Measured H-plane of the proposed Vivaldi antenna
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Fig. 9. Simulated and measured E- and H-plane
radiation patterns of the proposed Vivaldi antenna

4. CONCLUSIONS

A Vivaldi antenna with improved gain and bandwidth
is introduced in this paper. This proposed Vivaldi an-
tenna is based on the three-slot feeding structure. The
L-probe microstrip is used to excite the three rectangular
slots, and the exponential tapered slot of the proposed
Vivaldi antenna can generate plane-like waves rather
than the spherical-like waves. This proposed Vivaldi
antenna is designed based on a mathematical analysis
and simulation using CST MWS. The proposed antenna
structure can provide a wide bandwidth with smaller
antenna size compared to other UWB Vivaldi antennas.
The obtained gain is improved by using the proposed
Vivaldi antenna. The simulated and the measured re-
sults show that the proposed Vivaldi antenna works
well in the frequency range of 1.976 to 7.728 GHz, and
its bandwidth is increased by 25% compared to the con-
ventional Vivaldi antenna of the same size. The radiation
efficiency of the proposed Vivaldi antenna is higher than
that of the conventional Vivaldi antenna. Based on the
measured and the simulation results, this proposed Viv-
aldi antenna provides a wide beamwidth. This proposed
Vivaldi antenna can be an excellent candidate for many
applications, such as radar and wireless communication
systems.
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