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A Novel Miniaturized Vivaldi Antenna Using
Tapered Slot Edge With Resonant Cavity
Structure for Ultrawideband Applications

Yushun Liu, Wenjun Zhou, Senior Member, IEEE, Shijie Yang, Weihao Li, Pengfei Li, and Shuai Yang

Abstract—In this letter, a novel tapered slot edge with resonant
cavity (TSERC) structure is adopted to improve the design of a pla-
nar printed conventional Vivaldi antenna. The proposed modified
structure has the capacity to extend the low-end bandwidth limi-
tation. In addition, the directivity and antenna gain of the TSERC
structure Vivaldi antenna has been significantly improved when
compared to a conventional Vivaldi antenna of the same size at
lower frequencies. Compared to the conventional Vivaldi antenna,
the TSERC structure lowers the gain at the higher frequencies.
A prototype of the modified Vivaldi antenna was fabricated and
tested. The measured results were found to be in good agreement
with the simulated, which validates the feasibility of this novel
design.

Index Terms—Miniaturized, tapered slot edge with resonant
cavity, Vivaldi antenna.

I. INTRODUCTION

LTRAWIDEBAND (UWB) antennas have Been increas-
U ingly applied in wirele§$icommutiigation \bibuleticdldé.
tection, and radar system in recent years [1]-{4]. The Vivaldi
antenna is one of the best candidates for the UWB technology
due to its broad bandwidth, low cross polarization, and highly
directive radiation patterns [5].

The Vivaldi antenna belongs to the class of endfire traveling
wave antennas, which has theoretically infinite bandwidth [6].
However, the Vivaldi antenna requires a large antenna size to
achieve excellent performance in the low-end working band
[7]-{8]. According to the research work in [9] the width of a
Vivaldi antenna should reach at least one half-wavelength for
effective radiation to occur. A Vivaldi antenna presented in [10]
utilized a tapered slot edge (TSE) structure to extend the low-end
frequency limitation for miniaturizing the antenna size. Though
the low-end cutoff frequency can be decreased by employing
this technique, the antenna gain and radiation characteristics at
lower frequencies are not improved obviously.

In this letter, a modified Vivaldi antenna is designed and mea-
sured. The structure of tapered slot edge with resonant cavity
(TSERC) is applied to improve the antenna performance. Com-
pared to the TSE structure, the low-end cutoff frequency of the
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Fig. 1. Configurations of the three Vivaldi antennas: (a) CVA. (b) TSE struc
ture Vivaldi antenna. (¢) TSERC structure Vivaldi antenna.

TSERC structure is further reduced with the same antenna size.
Simulation and measured results show that relative bandwidth
has been increased by nearly 17%. The directivity of proposed
modified Vivaldi antenna has also been improved. This letter is
organized as follows: In Section II, the structure of the antenna
is presented. Simulation and measured results are provided in
Section IT1, which is followed by conclusion in Section IV.

II. ANTENNA DESIGN

Configurations of three Vivaldi antennas, namely, the conven-
tional Vivaldi antenna (CVA), the TSE structure Vivaldi antenna,
and the TSERC structure Vivaldi antenna, are shown in Flg 1,
where the dimensions of all antennas are 258 x 150 mm?® with
structural parameters in Table 1. All the three have already been
optimized. The dielectric substrate used in this letter is chosen
as FR4 with a thickness of 0.8 mm, a dielectric constant of 4.6,
and a tangent loss of 0.01. The structure of the CVA is shown in
Fig. 1(a). The exponential profile curves employed in this
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Fig. 3 illustrates the Sy4 variation of the CVA, the TSE struc-
ture Vivaldi antenna, and the TSERC structure Vivaldi antenna.
As shown in the figure, the lower end S1; < —10 dB limitation
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(b)

Fig. 2. Photographs of the fabricated prototypes: (a) CVA, (b) TSERC Struc-
ture Vivaldi antenna,

Fig.3. Return loss of proposed antennas.
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Froquency(GHz)

D10 20 30 40 50 60
Frequency(GHz)
Fig.4. Simulated return loss of different resonant cavity parameters.

of the CVA is 1.2 GHz, while the TSE structure Vivaldi antenna
lowers it to 0.8 GHz. The TSERC structure Vivaldi antenna fur-
ther reduces the limitation to 0.5 GHz. It means that the TSERC
structure is able to miniaturize the size of the CVA by means
of lowering the minimum working frequency [11]. The mea-
sured i1 variation with frequency is also plotted in Fig. 3. It
is observed that the measured result is in excellent agreement
with the simulation proving the effectiveness of the proposed
design. The difference between the simulated and measured re-
sults is possibly due to the effect of the SMA connector and the
inaccuracy during manufacturing.

Simulated Sy; variation is obtained by changing the joint
width (gs) and radius (E;) of the symmetrical resonant cavity
as given in Fig. 4. It is observed that the operation bandwidth of
the TSERC structure Vivaldi antenna depends on the designed
parameters of the resonant cavity. Lowering the joint width (g6 )
resulted in the reduction of low-end cutoff frequency. Mean-
while, the radius (R,) of resonant cavity plays a vital role in
return loss characteristic of the proposed antenna. In the pro-
posed antenna, the joint width (gs) and radius (K, ) of resonant

DMl
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Fig. 5. Simulated and measured radiation pattems of two printed Vivaldi
antennas in E-plane (xoy) and H-plane (yoz) at (a) 0.5, (b) 1.5, (¢) 2, (d) 3, and
(e) 5 GHz.

D. Gains

According to the analysis of surface current distribution, the
TSERC structure contributes to the radiation of electromagnetic
wave at the lower frequencies. However, as shown in Fig. 6(c),
part of the surface current along the radiating edges in region C,
which can excite the higher-frequency electromagnetic wave,
is coupled to the resonant cavity. This characteristic lowers

mvll

=
=N

structure Vivaldi antenna
(<3.5 GHz) and lowered at the higher frequencies (=3.5 GHz)
due to the characteristics of surface current distribution. In ad-
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reduction of the gain at the higher frequencies of two
[tributes to the high cross-polarization level [16].

IV. CoNcLUSION

stter, a TSERC structure Vivaldi antenna is proposed.
-end Sy3 < —10 dB limitation of the proposed an-
itended to 0.5 GHz from the original 1.2 GHz. The
randwidth has been increased by 14.6% and achieved
19.5% size reduction compared to CVAs. Simulated
red results show that the TSERC structure Vivaldi an-
arms with higher endfire directivity compared to the
1al design. In addition, the antenna gain is improved
requencies using the TSERC structure. According
racteristics, the proposed antenna can be an excel-
late for the endfire directional UWB radio frequency
1s.
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- Sensor: Chap.5.4.3.1 #11 & Chap.5.4.6 #14

- Signal Process: Annex. A.1.1 #19

- Measure Method: Annex C.1 Gas
Insulated Switchgear #22-26
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- Sensor: Chap.5.4.3.1 #11 & Chap.5.4.6 #14

- Signal Process: Annex. A.1.1 #19

 Measure Method: Annex C.3
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