
Study on Vivaldi Antenna Design 
MARDHIAH BINTIMOHAMED ZAID 

Faculty of Electrical Engineering, 
MARA University of Technology Malaysia, 

40450 Shah Alam, Selangor, Malaysia 
Email: mardhiahmz86@gmail.cpm 

Abstract - This paper summarizes a detailed 
computational study of behavior of Vivaldi 
antenna. The design, construction and 
characterization of the Vivaldi antenna 
implemented by using two (2) different substrates 
which is RT/Duroid 5880 and FR4. Generally, 
Vivaldi antenna is usually constructed on copper 
films on low permittivity low loss substrates such 
as RT/Duroid.m There were some modifications 
towards the antenna was carried out to improve 
its performance. At the end of project, a tapered 
slot Vivaldi antenna that operates from 2 to 10.6 
GHz is produced which is fulfill the UWB 
frequency range. The simulation has been 
conducted to study the effect of the different 
substrate towards its performance and also find 
the most optimized substrate and characteristic 
of the antenna. Simulation reveals that the 
antenna has satisfactory operating frequency 
band which acceptable amplitude of S-
Parameter. The simulated results are presented. 
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i. INTRODUCTION 

In recent years, ultra-wideband (UWB) antennas 
have been developing for many applications and 
usage includes in medical, military and mostly for 
communication system that tends to be more 
extensive, whilst its requirement of ultra-wideband 
antenna are brought forward. Antennas are essential 
to high frequency communications and electronic 
systems for radiating or receiving electromagnetic 
(EM) energy. Although there are many types of 
antennas, they all operate according to the same 
basic EM principles. The tapered slot antenna 
(TSA), which was introduced by Gibson in 1979, is 
well suited to meeting these requirements.I1] 

Many of early TSA experiments were conducted 
with CST Microwave Studio from CST Studio Suite 
software. For all this research, there has been* 
insufficient study of a practical TSA design, a high 
frequency single-sided exponential Vivaldi antenna, 
as will be presented here. ^ 

In general, the development of Vivaldi antenna is 
divided into three stages which begins with one-
layer structure called tapered slot Vivaldi antenna 
also known as conventional Vivaldi antenna which 
will its offer small dimensions and provides a 
sufficient return loss and a sufficient distortion. The 
development was followed by a two-layer structure 
which is called as the antipodal Vivaldi antenna that 
will offer minimum distortion in exchange for a 
larger antenna structure. Lastly, the three-layer 
structure which is called as balanced antipodal 
Vivaldi antenna. This antenna structure can reduce 
the cross-polarization of the antipodal structure.P1 In 
addition, the main characteristic of Vivaldi antenna 
is influence by broad band and dielectric substrate. 
That will influence on signal transition.[4] For this 
paper the second characteristic will be focused on. 

One of the goals of the antenna optimization is to 
minimize the antenna dimension. Thus, the tapered 
slot structure of the Vivaldi antenna was chosen. In 
this paper, the first stage of Vivaldi antenna, 
conventional structure is taken for research to do the 
design and simulation process and further with 
analyzing the result obtained compare with different 
type of materials implement. 

The channel sounding application imposes some 
challenging requirement for the antenna. The 
Conventional Vivaldi antenna have suitable features 
and very useful because of its simple construction, 
wide bandwidth, low cross polarization, high 
directivity and high gain. 
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In general, the Vivaldi antenna has an end-fire 
radiation pattern. I5] At different frequencies, 
different parts of Vivaldi antenna radiate, while the 
size of the radiating part is constant in wavelength. 

Along with their efficiency and light weight 
characteristics, conventional Vivaldi antennas satisfy 
UWB requirements [6] and also attractive because 
they can work over wide bandwidth and produce a 
symmetrical end-fire beam appreciable gain and low 
side lobes. As such, the Vivaldi antenna has 
theoretically unlimited frequency range, with 
constant beam width over the range. This antenna 
consists of a tapered slot etched onto a thin metal 
film, either with or without a dielectric substrate on 
one side of the film. In consequence, the resultant of 
differentiate characteristic of the antenna dimension 
will also be analyzed. 

2. ANTENNA DESIGN 

The design and simulation of the antenna is done by 
using CST Studio Suite 2009. The process of 
designing the by using CST Design Environment 
from consists of numerous steps: 

[1] Create the physical dimension for an UWB 
frequency band tapered structure Vivaldi 
antenna. 

[2] Choose the desired CST operating mode for 
simulating the Vivaldi antenna. 

[3] Define the required substrate material from and 
its characteristics. 

[4] Solve for the substrate parameters by 
precomputing the substrate used. 

[5] Assign the antenna wave guide ports and define 
their properties. 

[6] Set the specify boundary condition and mesh 
definition view of the physical antenna 

[7] Set up the simulation and optimize the 
perfoipiance of the Vivaldi antenna. 

[8] View the amplitude of S-parameter and contour 
plot. 

The difference between both designs is thickness of 
the substrate and copper respectively depending on 
the substrate used. 

Fig. 1 Antenna configuration 

The waveguide port is printed on the front of the 
substrate layer used for feeding the tapered slot 
antenna with one exponential taper element. The rear 
consists of the ground plane element. The top layer 
indicates the exponential taper profile [7] which is 
defined by the opening rate, R and the two points Pi 
(xi,yi) and P2 (X2,y2). The exponential taper profile is 
given by: 

y = Cie^* +c 2 for xoSx < xi 

where R is the rate of opening and 

Ci = yi-yo 
gXXx- -eRX0 

c2= 
eRx%-eRxa 

(1) 

(2) 

(3) 

Given the highest frequency of operational (fH), the 
width, W of the tapered slot antenna should satisfy 
equation (1) to circumvent the grating lobes of 
Vivaldi structure, 

W> 
fa<f*t 

(4) 

The Vivaldi antenna that is being discussed can be 
presented in this section. A description of a designed 
conventional Vivaldi antenna with the waveguide 
port is presented in Fig. 1. Both antennas have 
exactly same configuration. 

where se is the effective relative dielectric constant. 
After defining the parameter cited above, all other 
parameter are optimized with CST Design 
Environment to get both the compact size and good 
performance at the operating band. 



An antenna configuration for channel sounding 
applications has access antenna ports separately to 
enable subsequent signal processing. The path of 
active antenna is chosen electronically by switching 
matrix while the unused elements are terminated. 
The active part of the antenna is signed as a 
waveguide port during the designing process. A 
travelling wave which is excited in the slot line will 
propagate along the widening slot and gradually 
radiate in the end fire direction with E-field in the 
plane of the substrate which is the second layer 
elements of the material. [S] The magnitude and 
phases of the signal at antenna port is then processed 
to resolve parameters to get the result as presented in 
third section in this paper. 

Two different types of antenna elements (refers to 
substrate used) have been investigated. First antenna 
use RT/Duroid 5880 as the substrate while the 
second one uses FR4 as the substrate. The first 
antenna was designed on RT/Duroid 5880 material 
with a relative dielectric constant of 2.2, thickness of 
0.508mm and loss tangent of 0.9. The second 
antenna was designed and simulated on FR4 
material with a relative dielectric constant of 4.9, 
thickness of 0.117mm and loss tangent of 0.016. 

Simulations of both antennas were done with CST 
Design Environment software. The three 
dimensional (3D) finite elements field - simulator is 
capable of modeling the single antenna structures. 
The application of 3D simulation software was 
necessary because the Vivaldi antenna is not planar 
structure in a strict sense. [9] 

Fig. 2 show the 3D simulated model of the antenna 
included the mesh definition views and during 
specify boundary condition. Note that, both design 
of the antenna have similar configurations so that 
the views of the overall antenna are the same. 
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Fig 2(b) Mesh view 

X. 

Fig 2(a) 3D view 

Fig 2(c) Specify boundary condition view 

3. RESULTS 

From the result obtain, it views that the result 
designed by using material RT/Duroid 5880 is better 
than using material FR4. This is because 
characteristics of Vivaldi antenna are influence by 
dielectric substrate that influence on signal 
transition. From the simulation done, by using 
RT/Duroid 5880 as a substrate, it gives better in 
term of magnitude of S-Parameter magnitude in 
(dB). This is because this substrate its self improves 
the antenna efficiency due to its uniform structure 
for microwave designs. 

Fig. 3 illustrates the simulated amplitude (in dB) of 
S-Parameter for both antennas designed in the 
operating band from 9 to 11 GHz. The amplitude of 
the S-Parameter for the antenna design at operating 
frequency of 10GHz is -34.7dB and -16.7dB 
respectively. 



From the amplitude of the S-Parameter in dB, it is 
clearly shown that the amplitude for first design is 
better than the second one due to the frequency 
difference between the operating frequency and the 
frequency obtains that the curve show. For the 
second design the difference is about 0.74 GHz 
compare with 0.36 GHz for the first design. The 
small difference shows the small error, means that 
the first design is better than the second one. 
Therefore, it is proven RT/Duroid 5880 will give 
better performance than FR4 for Vivaldi. 

Figure below shows the S-Parameter amplitude 
curve for both designs. 
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Fig. 3 (a) S-Parameter for first Vivaldi antenna 
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Other than amplitude of the S-Parameter, the 
performance of antenna generally can be view on the 
radiation pattern if the antenna. In the simulation 
process, we get the radiation pattern on the S-
Parameter Polar Plot in ID Results view. Figure 
below show the radiation pattern for both designs. 
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Fig. 4 (a) Radiation Pattern for first Vivaldi antenna 

Fig. 4 (b) Radiation Pattern for second Vivaldi antenna 

But, the radiation pattern for the tapered slot Vivaldi 
antenna should be in the Fig. 4 (c) as shown below. 

Fig. 3 (b) S-Parameter for second Vivaldi antenna Fig. 4 (c) Radiation pattern for ideal tapered slot Vivaldi 
antenna 



From the radiation pattern obtained during the 
simulation on single element for tapered slot Vivaldi 
antenna is obviously different compare with the 
ideal radiation pattern of the Vivaldi antenna. The 
simulation identified currents on the lateral antenna 
rim as the reason for the deformed radiation 
characteristic. This effect can be reduced efficiently 
by connecting each antenna with its neighbor 
elements in array. This is because the arrangement 
of the Vivaldi antennas within the array has strong 
influence on the electrical behavior of each 
individual radiator.[8] 

The limitation, of half a wavelength for the lateral 
antenna dimension reduced the bandwidth of the 
Vivaldi antenna in the frequency domain drastically 
and, in addition the shadowing effects of the 
neighboring antennas limit the beam-width of the 
radiators. 

Since the second characteristics of the Vivaldi 
antenna cannot give the clear performance of the 
Vivaldi antenna, the alternative is applied to view 
the behavior or the performance of the Vivaldi 
antenna which is view on Contour plot. 

This plot shows the contour plot of the electric near 
field at 10GHz as presented in Fig. 5. 
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Fig. 5 (a) Contour plot for first Vivaldi antenna 
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Fig. 5 (b) Contour plot for second Vivaldi antenna 

The following figure shows a vector plot of current 
distribution on the antenna at 10GHz. 
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Fig. 6 (a) Current distribution for first Vivaldi antenna 
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Fig. 6 (b) Current distribution for second Vivaldi antenna 



From the contour plot views as presented in Fig. 5 
and 6, the better performance showed when more 
red color interfere in the contour plot. The red color 
indicates how much the signal from the antenna can 
radiates. All the performance showed is in this for 
the single structure. Therefore, it is proven that 
RT/Duroid 5880 has better behavior or performance 
than the second substrate, FR4 for tapered slot 
Vivaldi antenna. 

Form the amplitude of the S-Parameter and the 
Contour plot obtained, the results view that 
RT/Duroid 5880 will give better performance than 
FR4 for tapered slot Vivaldi antenna. 

4. FUTURE WORK 

For this paper, the tapered slot antenna is only 
simulated on the single structure of Vivaldi antenna. 
Thus, for future recommendations it can be done in 
array arrangement to get better performance. This is 
because the less the array element, the bigger the 
error will be. [I01 The further analysis on array 
Vivaldi antenna with the real model should be done. 
In addition, the feed mechanism should be analyzed 
thoroughly. Particularly by fabricating and testing 
the transition on the model, it could be found out as 
to why the single transition behaves worse than the 
double transition. 

5. CONCLUSIONS 

The ultra-wideband technologies (UWB) ask for a 
complete new view on small communication 
antennas. Not only a good matching of the antenna 
over the frequency band is required but a stable 
phase centre to avoid ringing and a good efficiency 
are necessary to have only a small impact on the 
transmission function of the radio impulse. Because 
of the various applications of Vivaldi antenna in 
ultra-wideband systems, the dispersion performance 
of two different Vivaldi antennas is analyzed. This 
paper presents the design and detailed 
characterization of a conventional Vivaldi antenna. 
In this paper only single structure of antenna is 
simulated by applying open (add space) boundary 
condition. The simulated results of the S-Parameter, 
contour plot and current distribution demonstrated 
the good performance of the first Vivaldi antenna 
structure compared with the second design structure. 
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