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Abstract: A novel fractal inspired antipodal Vivaldi antenna is proposed for wideband applications. A step-by-step procedure
has been employed to design and optimise the performance of the proposed antenna. First, a conventional antipodal Vivaldi
antenna (CAVA) is designed as a reference antenna and then a Koch fractal-shaped parasitic lens is introduced in the CAVA.
Finally, a fractal-shaped dielectric lens has been added as an extension of the antenna substrate. The presence of parasitic
fractal lens in the flare aperture and fractal dielectric lens enhances the antenna bandwidth and also improves field coupling
between the antenna arms and produces stronger radiation in the end fire direction which in turn increases the gain and
directivity of the antenna. The optimised antenna is fabricated and tested showing|S11| below −10 dB from 4.2–42 GHz band.
The dimension of the proposed antenna is 186 × 66 × 1.524 mm3. Results show that |S11| characteristics and other parameters
are in good agreement with the simulation counterpart.

1 Introduction
Nowadays, the demand of broadcast and wireless communication
technology is increasing day-by-day. Therefore, the demand for
designing antennas with wide impedance bandwidth and higher
gain has been increasing. Directional antennas are used to improve
the capacity of wireless systems and to reduce the co channel
interference and multipath effects. On the other side, wideband
antennas are used in different fields including satellite
communications, radars, and microwave imaging systems, remote-
sensing systems, GPR detection, and medical field [1]. In a
broadband directional system, a wideband antenna is used in place
of multiple antennas because wideband antenna can have less
complexity, lower power consumption, and a more compact
footprint. Double-ridge guide horn antenna has been used for such
applications but its relatively large and heavy structure makes it
inappropriate for various fields [2]. Nowadays, Vivaldi antenna [3]
is one of the prominent candidates used for this purpose due to its
attractive features like wide bandwidth, planar structure, directive
radiation pattern, inexpensive fabrication, and easy integration.

Depending on the frequency of operation, Vivaldi antenna
operates as two antennas [4]. At low frequency, it operates as a
resonant antenna and at high frequency, as a non-resonant
travelling wave radiator. At higher frequency, the radiation is
produced from the travelling wave currents along the flare edges.
The increase in aperture flare separates the wave energy and
generates radiated space waves. In order to direct the radiated
fields in the end fire direction, the phase difference between the
waves travelling on both arms needs to be ∼180 degree as shown
in Fig. 1. This condition influenced the expansion of the antipodal
structure, which yields a wideband feed transition. Due to wide
operating bandwidth, the Vivaldi antenna is often preferred for
wide band applications but at higher frequencies, the unwanted
radiation produced from the currents travelling along the flare
ending sections of the antenna reduce the gain and distort the
pattern but it can be suppressed by corrugating the ending sections
[5] and avoiding the sharp edges, which produce diffracting wave.
Another reason for the reduction in performance at high frequency
is the sensitivity to the substrate thickness. Actually undesired
modes are excited due to increase in thickness. These modes
alternate the phases of the waves travelling along the flare section,
create the radiation pattern distorted, and cause higher cross-

polarisation levels. To avoid these problems, it is preferred to use
thin, low dielectric constant substrate materials. Vivaldi antenna
has long electrical flare length, which is necessary for the
broadband operation. This long electrical length limits its high-
frequency performance due to phase reversals along its length. It
can be seen from Fig. 1 that the phase reversal creates off-axis
radiation along with end fire radiation from the aperture end of the
antenna which is out of phase with the fields from the throat of the
antenna. The most effective approach to overcome this off axis
radiation problem is to reduce the size of the flare opening and the
flare rate. This approach enhances the coupling between the arms
as well as weakens the coupling that occurs between different
sections of the same arm due to the phase reversal. In this design,
parasitic lens is used to overcome this off-axis radiation problem. 

In recent years, the demand of Vivaldi antennas is increasing
because challenges still lie for size reduction, improvement on
radiation characteristics along with extension of impedance
bandwidth. In order to achieve this, several researchers have
presented different techniques [1, 4, 6–10]. For instance, in [1], a
new method known as Herein is used to enhance the directivity and
bandwidth of the antenna. In this method, an elliptical-shaped
parasitic lens is introduced in the flare aperture section of the
antenna to generate stronger end fire radiation by improving the E-
field coupling between arms. In [4], the substrate between the arms
of the antenna was designed as a triangular structure to increase the
high-frequency performance of the antenna. This comb-shaped slits
are used to provide gain at higher frequencies. In [11], a high
permittivity material lens and, in [12], meta-material were
introduced in the aperture of the antenna to direct the energy in end
fire direction. In [6], half elliptical-shaped dielectric lens as an
extension of the substrate is added to achieve better front-to-back
ratio and gain at higher frequency. In [7], to enhance gain and
front-to-back ratio of the antenna at high-frequency comb-shaped
slits etched on the edge of the radiators. In [8], corrugated structure
applied on the Vivaldi antenna to achieve wide bandwidth, higher
gain, and narrow-shaped beam over the entire frequency range. In
[9], tapered slot edge with resonant cavity structure is used in the
antenna design to extend the bandwidth of the antenna and improve
the gain of the antenna. The dielectric director of hemisphere shape
[10] is used to improve the higher frequency gain. These antennas
have lower gain at high frequencies [1, 4, 6–9] and the bandwidth
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