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Abstract— Reconfigurable antennas capable of radiating in
only specific desired directions increase system functionality in
applications like direction finding and beam steering. This paper
presents the design simulation, fabrication and measurement of a
horizontally polarized, direction reconfigurable Vivaldi antenna,
designed for the lower-band UWB (2-6 GHz). This design
employs eight circularly distributed independent Vivaldi
antennas with a common port, electronically controlled by PIN
diodes acting as RF switches. Experimental results show that the
reconfigurable antenna has a bandwidth of 4 GHz (2-6 GHz),
with 5 dB gain in the desired direction and capable of steering
over the 360° range.
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I. INTRODUCTION

Antennas are critical components of the rapidly progressing
field of wireless communication technology. Reconfigurable
antennas have recently been a very active field of research [1]
and play a very important role in achieving increased
functionality for various specialized applications like MIMO
[2] and direction of arrival detection [3].

In this paper, we use eight switchable feed Vivaldi antennas
which are controlled using PIN diodes as RF switches to
electronically direct the radiation in the desired direction.

Vivaldi antennas have a simple planar structure and are
easy to fabricate and therefore are frequently used in UWB
applications [4], [5]. These antennas are also very directive
with a consistent high gain over a wide frequency range,
making it suitable for reconfiguration applications.

92, 9Bmm

50, 61lmm

59. 40mm
\ J‘
't

Fgure 1- Vivaldi element design
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II. VIVALDI ELEMENT DESIGN

The individual Vivaldi elements used in the reconfiguration
antenna implemented in this paper utilize the tapered slot
antenna [4]. The design incorporates an exponential taper
profile and a microstrip line with a series radial stub used for
feeding the tapered slot antenna, as shown in Figure 1.

The exponential taper profile is defined by the opening rate
R, the two points Py (x, y;) and P, (x,, y») [4], [6] defining the
limits of the taper profile, #; defines the opening width of the
taper profile while ¢4 defines the diameter of the circular short
opposite to the taper profile. The geometric parameters of the
Vivaldi antenna used in this configuration are listed in Table 1.

The Vivaldi antenna was designed on RO4003 substrate
with dielectric constant £=3.55 and thickness #=0.81 mm and
simulated using CST Microwave Studio 2015. This model was
optimized using the Nelder Mead Optimizer to achieve a good
impedance match across the frequency range.

TABLE 1= GEOMETRIC PARAMETERS OF THE VIVALDI ANTENNA
USED IN THE ARRAY
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Figure 2- Reflection coefficient of a single Vivaldi antenna
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Figure 2 shows the simulated results for the scattering
parameters of the single Vivaldi antenna.

The simulated result shows a return loss better than 10 dB
over the frequency range from 2 to 6 GHz. This element can
now be used to implement a reconfigurable Vivaldi antenna
based on a switchable feeding network.

III. RECONFIGURABLE ANTENNA DESIGN

In this design, we use eight Vivaldi elements described in
the previous section, distributed in a circular pattern and fed
using a common 50 Q SMA connector. There are eight
microstrip feeding structures, each connected to the SMA
connector via a PIN diode and feeding each of the eight Vivaldi
elements respectively. The geometry of the reconfigured
antenna is shown in Figure 3.

The position of the PIN diodes and the element spacing
from the centre of the port are crucial for achieving the
required frequency response. By slightly adjusting the
placement of the switches and leaving a small soldering pad as
shown in Figure 4, a desired frequency response similar to that
of an isolated Vivaldi element can be achieved.

Figure 6- Reconfigurable Vivaldi antenna prototype

The PIN diodes act as voltage-controlled RF switches,
leading to the activation of the Vivaldi element coupled to that
specific line. This effect can be seen in Figure 5, where the
electric field is only evident in the activated element.

Figure 3- Reconfigurable Vivaldi Design . .
Based on the synthesis process, optimum performance was

achieved with an element spacing of 31 mm from the centre
with the PIN diodes implemented 0.75 mm away from the port.
A prototype of the reconfigurable antenna shown in Figure 6
was fabricated and tested. The PIN diodes are activated using a
control circuit implemented on an external circuit board.

IV. RESULTS

The reconfigurable antenna was modelled and simulated
using CST MWS 2015. The manufactured model was tested
using a Rhodes and Schwarz Vector Network Analyzer in an
anechoic chamber where both the radiation pattern and the
scattering parameters were measured.

Figure 7 shows the antenna’s measured and simulated
reflection coefficient. Figure 8 compares the simulated
- reflection coefficient for different offsets of switches. Figure 9

compares the simulated and measured antenna patterns with the
0° feed activated using the PIN diode. The antenna behaves as
expected.

Figure 4- SMA fed mirostrip structure
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Figure 7- Simulated vs. measured scattering parameters
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Figure 8- Simulated reflection coefficient with varying switch offset
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Figure 9- Simulated vs. measured radiation pattern for antenna in
the 0° configuration
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V. CONCLUSION

In this paper, the design of a low cost, electronically
controlled, wideband reconfigurable planar Vivaldi antenna is
presented. By electronically controlling the state of the PIN
diodes, the proposed antenna shows a consistent 5 dB gain over
the entire 360° range within the frequency range of 2-6 GHz.

The reported results demonstrate the reconfigurable
properties of the proposed design over a wide frequency range
which can be implemented to achieve greater system
performance in various applications.
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