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Abstract

A Novel Miniaturized Vivaldi Antenna utilizing resonant
structure to extend the low-end bandwidth limitation is
presented in this paper. The low-end bandwidth limitation of
the proposed antenna has extended to 2.45 GHz from the
original 3.07 GHz. In addition, the gain of the proposed
modified antenna has a significantly improvement compared
with the conventional Vivaldi antenna at the same size, the
directivity has been improved too in the lower frequency.
Moreover, the group delay of the antenna shows that the
proposed antenna has a good time-domain response.

1 Introduction

Ultra wideband antennas as an important part of Ultra
Wideband system are widely used in the military field,
wireless transmission and biological detection, etc. They have
been a rapid development in recent years especially. As the
kind of end-fire traveling wave antennas. The Vivaldi antenna
is one of the best candidates for the Ultra Wideband antennas
due to its good directivity. high gain. perfect time domain
performance. low cross polarization and so on[1,2,3].

The conventional Vivaldi antennas in order to achieve good
performance such as high gain, highly directive radiation
patterns, wide bandwidth etc. usually have a very large size [4,
5]. This is not a conducive to the direction of miniaturization.
A Vivaldi antenna presented in [6] using the tapered slot edge
with resonant cavity structure to realize miniaturization but its
length is also very long which is 0.431y (4 is the wavelength
refers to the minimum operating frequency which |S;;]| <
—10dB). According to [7], we can miniaturize the size of the
Vivaldi antenna by the ways of lowering the minimum
operating frequency.

In this paper, a symmetrical pair of resonant branches has
been added on a conventional Vivaldi antenna in order to add
the resonant points which can reduce the minimum operating

frequency. The lowest operating frequency of the |S;;| <
—10dB bandwidth has reduced by 620 MHz in the case of the
size remains unchanged, the relative bandwidth increased by
15.5%. The gain of the proposed antenna has a
significant improvement over almost the whole [S;4] <
—10dB bandwidth compared with the conventional Vivaldi
antenna. In addition, the group delay keeps relatively flat in
the whole operating bandwidth means the proposed antenna
can be used in the UWB system.

2 Antenna design

The design process to extend the low-end bandwidth
limitation of the Vivaldi antenna using resonant structure is
shown in Fig. 1. All antennas are printed on an FR4 substrate
(dielectric constant is 4.4, loss tangent is 0.02) with the
thickness of 1mm. The dimensions of the three antennas are
all 30mmx36mm. The detailed design process is as follows:
(Unit: mm).

Firstly, design a conventional Vivaldi antenna which was used
as the reference antenna is shown in Fig. 1(a). The exponential
profile curves E1 can be described by Equation (1).

x=c; Xexp[te Xy —6)] = (1 —2); (6 <y <36) ()

c1, ¢y and 1, are equal to 0.14, 0.15 and 0.172, respectively.

Secondly, cut off the outer edge region of the reference
antenna which was used to add the resonant branches. It is
shown in Fig.1 (b). The exponential profile curves E2 can be
described by Equation (2).

x=c3Xexp[tey; X (¥ —6)] = (c3 —¢4); (B5 <y < 24)
)

c3, €4 and 7,4 are equal to 0.5, 2.8 and 0.22, respectively.

Thirdly, a pair of symmetrical resonant branches structure is
inserted on the antenna which was used to add the lower
frequency resonant points thus can reduce the size of the
antenna. It is shown in Fig. 1(c). The exponential curves E3
and E4 can be described by Equations (3) and (4).
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X = C5 X explrex; X (y —6)] — (c5 — ¢6); (8.5 <y < 19)

3)
X =7 X explrexs X (y —6)] — (c; — cg); (8.5 <y < 24)

“4)
Cs, Cg and 7,,3 are equal to 1.2, 6.5 and 0.22, respectively,
¢y, cg and 7.y, are equal to 2.5, 11 and 0.24, respectively.
Photographs of the fabricated antenna are shown in Fig. 2. A
tapered micro-strip feeding line was adopted to achieve
prefect impedance matching. The width of the port is 2 mm
which can get 50 Q characteristic impedance. All parameters
were shown in Table 1.
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Ls 7mm R, 2.9mm
Lg 3mm R, 3.5mm
L, 6.2mm 0, 115°
Lg 11.3mm 0, 90’

TABLE 1: Optimized parameter of the proposed antenna

3 Results and analysis

In order to validate whether the design of the proposed
antenna can achieve miniaturization, the Type-B antenna has
been fabricated and tested. The radiation patterns and gain of
the Type-B antenna are measured using the Microwave
anechoic chamber, |S;;| and Group delay are measured using
the Network Analyzer N5230A. Simulation using the software
High Frequency Structure Simulator (HFSS).

3.1 Return loss

The simulation |S;;| of the reference antenna and Type-B
antenna are shown in the Fig. 3. The lower-end |S;4| <
—10dB limitation of the reference Vivaldi antenna is 3.07
GHz, while the Type-B antenna reduces the limitation to 2.45
GHz. The measured |S11| of the Type-B antenna is also drawn
in Fig. 3. From the fig.3. We can see that the measured lower-
end |S;;| < —10dB limitation is 2.55 GHz. The difference
between the simulated and measured results of the Type-B
antenna and there is a bulge in 9 GHz are probably due to the
effect of the SMA connector and the inaccuracy in fabrication.

04

—— Simulated Reference antenna
2.45GHz —— Simulated Type-B antenna
(C) 2.55GHz Measured Type-B antenna
Fig.1. Configurations of the three Vivaldi antennas: (a) /3_07GHZ f
reference antenna (b) Type-A antenna (c) Type-B antenna -10 A
o
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Fig.2. Photographs of the

(b) Bottom view

(b)

fabricated antenna (a) Top view.

parameter value parameter value
L 36mm w 30mm
Ly 4mm w; 0.8mm
L, 4.2mm w, 1.3mm
Ly 15.2mm |74 2mm
L, 3.7mm Ry 1.9mm

Frequency(GHz)

Fig.3. |S;1| of the reference antenna and Type-B antenna
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Fig.4. Simulated |S;;| of the Type-B antenna with different

value of L,.
The effect of paramater L, (major changes the value of c,) on
|S11] of the proposed antenna is simulated and shown in Fig.4.
It is observed that increase the length of the L, can get the
lower cutoff frequency. When L,=4.7mm the minimum cutoff
frequency is 2.32 GHz, but the |S;,] at 2.6 GHz and 7 GHz
are above —10dB . When L,=3.7mm the propose antenna can
get a relatively good return loss, the minimum cutoff
frequency is 2.45 GHz.

3.2 Surface current

In order to further understand the principle of adding the
resonant structure can achieve the minimum cutoff frequency.
The surface current of the Type-B antenna at 2.45 and 3.1GHz
are shown in Fig. 5. We found that 3.1GHz is excited by the
inside edge of the traditional slot line, while 2.45GHz is
excited by the Semi-enclosed cavity which was composed by
E2 and E3. It means that the effective length of the surface
current path on the Type-B antenna is lengthened due to the
adding resonant structure.

(b)

Fig.5. Surface current distribution of the Type-B antenna at (a)
2.45 GHz, (b) 3.1 GHz

3.3 Radiation patterns

The simulated and measured radiation patterns of the Type-B
antenna in E-plane (Xoy-plane) and H-plane (yoz-plane) at 2.
45 GHz. 4 GHz. 7 GHz and 10 GHz are depicted in Fig. 6.
In addition, the simulated radiation patterns of the reference
antenna is also added in Fig.6. From the Figure we can see
that the directivity of the Type-B antenna has a significant
improvement compared with the reference antenna in the low
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frequency. The difference between the simulated and
measured results of the Type-B antenna are probably due to
the effect of the SMA connector and the inaccuracy in
fabrication. (Unit: dB).

3.4 Gain and Group delay

According to the analysis of surface current distribution, the
resonant structure contributes to lengthening the effective
length of the surface current path to achieve the lower
frequency resonant points. The simulated gain of reference
antenna and the simulated and measured gain of Type-B
antenna are shown in Fig. 7. From the figure we can see that
the gain of the Type-B antenna can achieve a significant
increase in the low frequency and intermediate frequency. In
addition, the measured result is in great agreement with the
simulation, the difference probably due to the effect of the
inaccuracy in fabrication.

—— Simulated Reference antenna
—— Simulated Type-B antenna
—— Measured Type-B antenna
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(d)

E-plane (xoy-plane) H-plane (yoz-plane)

Fig.6. Radiation patterns of the Reference antenna and Type-B
antenna in E-plane (Xoy) and H-plane (yoz) at (a) 2.5 GHz, (b)
4 GHz, (c) 7 GHz, (d) 10 GHz.
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—— Simulated Reference antenna
2 —— Simulated Type-B antenna

Measured Type-B antenna

Frequency(GHz)

Fig.7. Gain of the proposed Type-B antenna
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Measured

— Simulated

Group delay(ns)

Frequency(GHz)

Fig.8. Measured and Simulated group delay of the Type-B
antenna

Group delay is an important parameter for an UWB antenna
because it can measure the waveform distortion in time
domain. Therefore, the group delay of the Type-B antenna is
also analysis, two identical antennas are placed face to face in
a distance of 300mm to analog signal transceiver experiment.
The measured and simulated group delay are shown in Fig. 8.
From the figure we can see that the measured group delay of
the Type-B antenna is around 1.6 ns in the entire operating
frequency bandwidth with a variation less than 0.4 ns. It is a
relatively flat group delay response.

4 Conclusions

In this paper, a planar printed Vivaldi antenna with resonance
structure is designed and experimentally studied for UWB
applications. The lower-end [S;;| < —10dB limitation of the
proposed antenna has extended to 2.45 GHz from the original
3.07 GHz, the size of the Vivaldi antenna reduced from
0.3145 x0.3724 to 0.2544 X0.304,, which is a quit compact
size for the Vivaldi antennas. In addition, the gain and
radiation direction are improved at low frequencies by using
the resonance structure. Moreover, the measured group delay
of the Type-B antenna shows that the proposed antenna has a
good time-domain response in the whole operating bandwidth.
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