
Research Article

Design and Validation of an Antipodal Vivaldi Antenna with
Additional Slots

Marek Dvorsky ,1 Harihara S. Ganesh,1 and S. Sadhish Prabhu2

1Department of Telecommunications, Faculty of Electrical Engineering and Computer Science, VSB-Technical University of Ostrava,
17 listopadu 15, Ostrava, Czech Republic
2Department of Electronics and Communication Engineering, B.S.A Crescent Institute of Science and Technology,
Vandalur, Chennai, India

Correspondence should be addressed to Marek Dvorsky; marek.dvorsky@vsb.cz

Received 14 January 2019; Accepted 17 April 2019; Published 2 May 2019

Academic Editor: Miguel Ferrando Bataller

Copyright © 2019 MarekDvorsky et al.�is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

�is paper introduces an improved shape of Antipodal Vivaldi Antenna from the normal schematic structure which yields a high
radiation gain.We have designed and fabricated the improved structure ofAntipodal Vivaldi Antennawith the help of newdielectric
substrate ASTRA�MT77 material. We have chosen a unique substrate material to develop our novel Antipodal Vivaldi Antenna
because most research has been done on commonly used materials like FR4, RT Duroid, etc. Moreover, ISOLA has signi	cantly
good electrical and nonelectrical properties as compared with other substrate materials. �e results of the desired antenna were
simulated through extensive simulations performed in CST Microwave Studio�. �e characteristics of all the antenna parameters
are clearly studied and we are successful to achieve closed results between designed as well as experimented Vivaldi Antenna.�e
simulated antenna achieved a maximum gain of more than 9 dBi whereas the experimental antenna reached around 7 dBi between
the operating frequency range from 1 GHz to 13 GHz. �e measured prototype antenna provides linear polarization with overall
radiation e�ciency of more than 90%.

1. Introduction

�eVivaldi Antenna was 	rst described and characterized in
1979 by Gibson [1]. Later, the antipodal slot line suggested
by Gazit [2] also referred to as symmetric double-sided slot
line was constructed with microstrip feed as an input feed.
To increase the performance of the antenna the slot line was
used as a radiation mechanism and paired-strip improves
the transition region. Noronha et al. [3] used this idea to
construct a Vivaldi Antenna and have shown good results
over a wide frequency range by maintaining a transition
region from three to 	ve wavelengths long distance to avoid
a discontinuity between a feed and the radiating regions.
�e Antipodal Vivaldi Antenna (AVA) is a wideband and
symmetric E and H plane that has been used extensively in
radar applications [4–6], wireless communication applica-
tions [7, 8], and dual polarization applications [9, 10]. More
recently, the Vivaldi Antenna has been identi	ed as being
suitable for Ultra Wide Band (UWB) applications [11]. With

increasing interest in UWB as viable radio architecture, the
Vivaldi Antenna has attracted interest due to its theoretically
in	nite bandwidth. It is a directional antenna with end-	re
characteristics [12, 13].

2. Design and Optimization of
Antipodal Vivaldi Antenna

2.1. Prototype Structure Description. �e novel shape (see
Figure 1) is designed on ASTRA�MT77 substrate [26] from
ISOLA with a relative dielectric constant �� of 3.0 and a
loss tangent of 0.0017, respectively. �e AVA was initially
constructed with a square microstrip patch length and width
along with a microstrip transmission line mounted on a
dielectric substrate as shown in Figure 2(a). As the radiating
element of AVA is a balanced structure, hence it was manda-
tory to create a balun which provide a match between 50 Ω
microstrip feed line and the antenna. �is balun consists of 50
Ωmicrostrip to parallel plate transmission line, which tapers
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Figure 1: Designed structure of AVA.
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Figure 2: Genesis procedure of AVA structure.

into a slotline con	guration and later feeds the radiating
element. �e 	nal antenna features were achieved with the
help of the shape and placement of introduced slots in front
and back side of AVA as shown in Figure 2(d). �e 	nal
antenna design is presented by the CST Microwave Studio�
(CST MWS) model in Figure 1. �e square slots A–D (see
Figure 2(c)) are placed on the AVA based upon trial and

error method which is considered to be a heuristic ap-
proach.

�is heuristics approach was used to match the overall
impedance of the desired AVA.�e front slots are 	xed in the
positions as seen in Figures 2(b) and 2(c) and Table 1: Box A
(�, �, ����), BoxB (�, �+	/2, ����), BoxC (�+
, �, ����), and
BoxD (�+
, �+	/2, ����).�e bottom slots are consequently
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Table 1: Antenna’s dimensions and electrical parameters.

Sub� 90.00 mm

Sub� 80.00 mm

Sub� 1.524 mm

a 41.75 mm

b 50.00 mm

c 17.50 mm

d 35.00 mm

e 10.00 mm

f 25.00 mm

g 15.00 mm

h 20.00 mm

i 03.50 mm

j 05.00 mm

k 22.00 mm

l 10.00 mm

m 10.00 mm

n 05.00 mm

w‘ 78.50 mm

�1 41.00 mm

�2 14.00 mm

�3 10.00 mm

�4 05.00 mm

�5 09.00 mm

�6 03.70 mm

�� 03.00 [-]

Resistivity 1.33 × 107 MΩ⋅cm

placed on the directions: Box A (25, 55, 0), Box B (25, 60, 0),
BoxC (35, 55, 0), and BoxD (35, 60, 0). By using the technical
options like chamfer and blending, the shapes are properly
constructed and later used for simulation.

�e front and back shape contain two symmetric expo-
nentially tapered patches placed on either side of the sub-
strate. �e exponentially tapered edge of the antenna is
de	ned by the opening rate 
 and the two points �1(�1, �1)
(the centre of the chamfer edge with the radius �1) and
�2(�2, �2) (the centre of the chamfer edge with radius �2)
[14, 15]. �1 and �2 are start and end points of the exponential
taper.�edesign equations for the exponentially tapered edge
are given by (1)–(3).

� = �1��� + �2 (1)

where

�1 = �2 − �1
���2 − ���1 , (2)

�2 = �1���2 − �2���1
���2 − ���1 . (3)

Given the lower cut-o� frequency �1, the width of the
opening of the �ared edges �‘ should satisfy the below
equation, respectively.

�‘ = �
�1√�� . (4)

where � is the speed of the light, �� is the relative permittivity
of used the substrate ASTRA�MT77. From (4) when �‘ =
78.5 mm, the corresponding lower cut-o� frequency can be
calculated as 2.2 GHz.

We designed and fabricated the 	nal prototype structure
a�er perform extensive simulations and optimization process
to obtain the maximum results of desired AVA in CST
MWS. Final dimensions of designed AVA are tabulated in
Table 1.

2.2. Steps to Achieve Prototype Structure. �e top layer of
the substrate was placed at position (0, 0, 0) (the le� top
corner; axis orientation: � vertically, axis � horizontally)
with the dimension ����, ����, ����. �e design procedure
is summarised in Figures 2(a)–2(d). �e rectangular slots
�–� (10.00 mm × 10.00 mm) are curved with the help
of CST MWS so�ware options (see Figure 2(d)) to achieve
a modi	ed structure. �e 	nal planar patch is assembled
from partly overlapped patches (� overlapped with � and
� overlapped with �). �e overlapping ratio � (5.00 mm)
was obtained from optimization process in CST MWS. �e
same work �ow has been followed to get a bottom structure
with novel slots. As well as the top side, the normal shape
of the bottom side has been modi	ed with the help of
CST MWS options to achieve a novel structure. Figures
3(a) and 3(b) show the 	nal prototype of fabricated anten-
na.

3. Analysis and Measurements

�e simulated antenna works in the frequency range between
3.7819 GHz to 4.7318 GHz, 5.6198 GHz to 7.6721 GHz,
and 8.5281 GHz to more than 13 GHz. We successfully
achieved a broadband communication for experimental
antenna between the frequency range 5.592 GHz to more
than 13 GHz and it covers an overall fractional bandwidth
percentage ofmore than 100.54%whereas there exists a lower
bandwidth communication between 3.762 GHz and 4.814
GHz.

�e re�ection coe�cient (Γ) and VSWR are also calcu-
latedwith the help ofmentioned formulas (5) and (6) by using
return loss S11 measured values as a reference (see Figures
4 and 5). It has been observed that the measured VSWR of
experimental antenna is less than 2 which covers the wide
area between the operating frequencies ranges from 5.675
GHz to 13 GHz (see Figure 5).

Γ = 10S11/20 (5)

VSWR = 1 + Γ
1 − Γ (6)
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(a) �e top side (b) �e bottom side

Figure 3: Fabricated top and bottom structure of AVA with soldered SMA connector.
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Figure 4: Simulation (full red curve) and measurement (dashed blue curve) comparison of S11.
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�e total radiated power of an antenna is given by (7)
where � and � are considered to be spherical coordinates.
�e standardized unit of 
 is W/Steradian. Hence the total
radiated power is the spherical integral of R, which is given
by [16] (see Figure 6).

total radiated power = ∫
2�

0
∫
�

0

 (�, �) sin �!� !� (7)

Figure 6 shows the power distribution of desired AVA.
�e e�ective radiated power is calculated with the help of
basic formula (8).

ERP = Input Power + Antenna Gain [dB] (8)

From Figure 6 it is clear that the input power of desired
antipodal antenna has an input power of 0.5 W, which has
been derived from CST-MW [27], and the peak gain of
simulated antenna is 9 dBi.Hence the e�ective radiated power
is 4.5 W.

Figure 7 shows the overall total and radiation e�ciency
of prototype antenna derived from CST-MW. Radiation
e�ciency is de	ned as the ratio of radiated power to the
input power of antenna whereas total antenna e�ciency
is described as the radiation e�ciency multiplied by the
impedance mismatch of the antenna and it is always less than
the radiation e�ciency. It is clear from Figure 7 that designed
antenna covers the maximum radiation e�ciency of more
than 90% for the overall operating frequencies lying between
1 and 13 GHz.

�edirectivity diagrams on chosen frequencies have been
measured in anechoic chamber with step of 1∘ (see Figure 8).
�e gain of measured antenna was calculated in E as well as
H plane where the far-	eld distance of AVA is marked as 3
m. It is observed from Figure 9 that the simulated antenna
achieved a maximum gain of 9.23 dB at 11.93 GHz whereas
the measured antenna reached a peak gain of more than 7 dB
at 12.58 GHz between the overall operating frequency ranges
from 1 to 13 GHz, respectively.
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Figure 8: Measurement of far-	eld diagrams in anechoic chamber.
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Figure 9: Simulation (full red curve) and measurement (dashed blue curve) comparison of antenna gain.

Figure 10 shows the 3D far-	eld simulation pattern of
11.93 GHz, where there exists a maximum gain (shown
in Figure 9). �e characteristics of antenna parameters at
a desired operating frequency of 11.93 GHz are clearly
studied. �e realized peak gain is 9.252 dB. �e radiation
e�ciency observed at a desired operating frequency of 11.93
GHz is 96.91% and the total antenna e�ciency is 95.63%,
respectively. �e measured far-	eld radiation patterns of
AVA structure at several typical frequencies (4 to 12 GHz)
are presented in Figure 11. �ese patterns show that the
desired prototype antenna provides low cross-polarization
level at least 15 dB lower than copolarization level. �e
cross-polarization levels at other frequencies are very small,
indicating good polarization purity. An improvement of
front-to-back ratio and directivity is speci	cally obtained in
E and H plane (see Table 2).

4. Conclusion

A portable miniaturized Antipodal Vivaldi Antenna has
been constructed and measured. �e experimental antenna
achieved maximum return loss of -31 dB at an operating fre-
quency of 7.368 GHz.�e designed AVA exhibits satisfactory
characteristics such as small size, fractional bandwidth, low
cross-polarization of less than -15 dB, low side lobes as well as

front/back ratio, realized peak gain≺7 dB that operateswithin
an overall frequency range from 5.592 GHz to 13 GHz, and
stable radiation patterns over 4 GHz to 12 GHz which makes
this antenna suitable for all the listed applications which are
discussed in Table 3.

�e proposed simulated antenna shows the notches
around 5 GHz and 8 GHz whereas the practical measured
antenna shows the notch at 5 GHz, respectively. It has
been observed that when the distance between the slot
centres is too far (i.e., � ≤ 10 mm), antenna exhibits a
wideband frequency notch, though it does not show the
satis	ed performances in the other frequencies. By decreasing
the distance, the notch frequency shi�s towards the lower
frequency until � = 10 mm and bandwidth decreases. Also,
however, when (� ≥ 10 mm) the frequency shi�s to the
higher frequency where the notch bandwidth decreases, as
it can be seen in Figure 4, the practical measurement shows
better result at the distance (� = 10 mm) where the notch
shi�s to the lower frequency (from 4.9 to 5.6 ≈ 12.7%) and
reduces the complete notch at higher frequency (8 GHz)
and provides the UWB bandwidth from 5.592 to more than
13 GHz.

In future, the work can be extended to focus on design
and development of Vivaldi Array Antenna with the help
of corporate feed power divider to reduce maximum side
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Table 2: Side lobes direction, front-to-back ratio and cross-polarisation.

f
Side Lobe Front/Back

Cross Polarisation
E H E H

[GHz] Amp [dB] Phase [∘] Amp [dB] Phase [∘] [dB] [dB] [dB]
4 -0.28 167.98 -5.58 11.67 10.1 10.3 -05.3

5 -0.15 41.14 -9.44 47.02 12.0 12.1 -09.3

6 -0.23 -61.21 -15.72 53.26 10.7 12.2 -15.5

7 -0.25 176.12 -9.42 66.72 17.5 15.5 -09.2

8 -1.73 78.90 -7.48 166.77 19.3 11.2 -05.7

9 -4.08 -39.91 -16.38 -179.40 13.3 13.3 -12.3

10 -2.89 -122.88 -15.20 -134.02 14.2 7.2 -12.3

11 -2.92 132.30 -14.48 -170.99 16.0 14.5 -11.6

12 -4.17 24.41 -8.20 -149.83 24.1 19.2 -04.0

lobes as well as back lobes, narrow beam width along
with high peak gain that can be used on di�erent applica-
tions such as ground penetrating radar, radar cross-section
reduction in stealth platform, and phased array applica-
tions.

Data Availability

�e CST-MW Studio model and measurement data used
to support the 	ndings of this study are available from the
corresponding author upon request.
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Figure 11: Measured far-	eld E (full red curve) and H (dashed blue curve) diagrams on chosen frequencies.
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