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Abstract — A wideband dual-polarized Vivaldi antenna
covering 1.85-18.3 GHz band with enhanced gain is
presented in this letter. The proposed antenna consists
of two Vivaldi antenna elements (VAES), which are
designed based on the conventional Vivaldi antenna.
Dual-slot structure is employed to improve the gain of
the conventional Vivaldi antenna. As a result, spherical-
like waves across the slot aperture of the conventional
Vivaldi antenna can be transformed to be plane-like
waves and thus gain enhancement can be achieved. In
order to extend lower frequency limit of the VAE,
elliptical slots are adopted. The proposed dual-polarized
Vivaldi antenna is obtained by combining two VAEs
in a cross-shaped form. The prototype is simulated,
fabricated, and measured. A good agreement between
EM simulated and measured results evidently validates
the proposed antenna.

Index Terms — Dual-polarized Vivaldi antenna, enhanced
radiation characteristics, wideband.

I. INTRODUCTION

Vivaldi antenna has been widely used in the
wideband communication system owing to the features
of planar structure, low profile, ease of fabrication and
compatibility with backend circuits since its appearance
in 1979 [1]. Moreover, modern antenna measurement
systems such as material testing systems or near-field
antenna measurement systems require antennas with the
capability of dual-polarization. In recent years, dual-
polarized Vivaldi antenna has attracted considerable
interests.

A common way to design dual-polarized Vivaldi
antennas is to place two Vivaldi antenna elements (VAES)
orthogonally along the edge. Wideband dual-polarized
antenna arrays based on this placement method are
presented in [2-5]. However, for single dual-polarized
antenna, this placement method causes displacement
of the phase center between two VAEs. In [6], a dual-
polarized cross-shaped Vivaldi antenna covering 0.7
to 7.3 GHz is presented, which obtains good cross-
polarization isolation.
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One of the challenges in designing the Vivaldi
antenna is to improve the gain. In [7-10], corrugated
ripples are used to reduce the current distribution along
the antenna edge to achieve gain enhancement. In [11],
a dual-polarized cross-shaped Vivaldi embedded in a
dielectric is presented, which obtains a maximum gain
value of 10.5 dBi.

In this letter, a wideband dual-polarized Vivaldi
antenna covering 1.85-18.3 GHz band for the antenna
measurement system is presented. Two VAEs are placed
in a cross-shaped form to achieve dual-polarization. The
VAE is modified from the conventional Vivaldi antenna
by introducing dual-slot structure, which can improve
the gain without increasing size of the antenna. Elliptical
slots are adopted to extend lower frequency limit of the
Vivaldi antenna and the radiation characteristics at lower
frequencies are improved. The proposed dual-polarized
Vivaldi antenna is simulated, fabricated, and measured.
The measured results show that the proposed antenna
features wideband, high gain and good cross-polarization
isolation performance.

I1. ANTENNA DESIGN

Figure 1 illustrates evolution process of the VAE.
Three antennas denoted as Ant I, Ant 1l and Ant 111 are
designed on the Rogers RO4350 substrate with relative
permittivity & = 3.66. The radiation surfaces are printed
on the top side of the substrate and feedlines are printed
on the other side of the substrate. Three antennas have
the same size of 145 mm x 58 mm x 0.5 mm. Simulated
S11 and boresight (Phi = 0°, Theta = 90°) gain of Ant I,
Ant Il and Ant Il are shown in Fig. 2. The simulated
results are obtained by using High Frequency Structure
Simulation (HFSS) software with Finite Element Method
(FEM).

Ant | is a conventional Vivaldi antenna, whose
lower frequency is set as 2.6 GHz. It is known that lower
frequency of a Vivaldi antenna is related to the aperture
width, which is denoted as W, in Fig. 1. The reason for
setting an initial frequency higher than the required
lower frequency (1.85 GHz) is to maintain a relatively
compact size before the optimization. The aperture width
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Wi is set to be 58 mm based on analysis in [12]. Tapered
transmission lines are used to feed the antenna to
improve impedance matching. Exponential curves ye
and yc, of Ant | are described by the equations as follows:

y,, =0.000012546°** 406  0<x<L,, 1)
y,, =—0.00001254¢"> 06  0<x<L,. (2
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Fig. 1. Evolution process of VAE.
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Fig. 2. Simulated S;1 and boresight (Phi = 0°, Theta =
90°) gain of Ant I, Ant Il and Ant I1I.

It can be seen from Fig. 2 that -10 dB impedance
bandwidth of Ant | can cover 2.6-18.3 GHz band with
maximum boresight gain of 6.7 dBi. To improve boresight
gain without introducing a dimensional increase, dual-
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slot structure is used to design Ant Il as shown in Fig. 1.
Four exponential curves denoted as Va1, Ydz, Yas and Yaa
can be described by the equations as follows:

y,, =0.000007837** +105  0<x<L,,  (3)
y,, =—0.000007837e*** ~105  0<x<L,, (4)
Y,; =-0.000043246°** 195  0<x<L,,  (5)
Y., =0.00004324¢° —95  0<x<L,  (6)

Accordingly, the feedline is changed to a T-shaped
network. In contrast to traditional Vivaldi antenna, dual-
slot structure can generate two columns of in-phase
waves with equal amplitudes, which are mutually coupled
across the aperture.
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Fig. 3. Simulated electric field distributions of Ant | and
Ant Il at 10 GHz.

Shown in Fig. 3 are simulated electric field
distributions of Ant | and Ant Il at 10 GHz. It can be
observed that compared with spherical-like waves across
the slot aperture of Ant I, waves generated by dual-slot
structure are plane-like waves, which can produce high
boresight gain. However, the aperture size of each slot in
Ant Il is actually reduced compared with Ant | and the
lower frequency of VAE is increased as shown in Fig. 2.
In order to solve this problem to meet the required lower
frequency, elliptical slots are etched in Ant 11l as shown
in Fig. 1. Simulated surface current flow of Ant Il and
Ant 11l at 1.85 GHz is shown in Fig. 4 to illustrate the
operating characteristics of the elliptical slots at lower
frequencies. It can be seen that the effective length of
the surface current path is visibly lengthened with the
utilization of elliptical slots and new resonant mode can
be introduced to enhance the radiation characteristics at
lower frequencies. It can be observed from Fig. 2 that
-10 dB impedance bandwidth of Ant Il can cover 1.85

GHz to 18.3 GHz. Thus, Ant 11 is chosen as the final VAE.
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Fig. 4. Simulated surface current flow of Ant Il and Ant
Il at 1.85 GHz.

I11. SIMULATION AND TEST OF ANTENNA

HFSS with FEM is used to simulate and optimize
the proposed VAE. The numerical analysis procedure is
demonstrated as follows. In this paper the parameters
under study include the total length of radiation slot line
L, the length of middle structure Lz and the location
of elliptical slot Le. The results are obtained when one
single parameter is changed and other parameters are
constant.

A. The influence of Lz on the performance of VAE

The effect of varying the total length of radiation
slot line L, on Si1 of VAE is shown in Fig. 5. It can be
seen that with increasing Lz from 112 mm to 132 mm,
S11 curves in low frequency bands have larger changes
and stop-bands occur around 2.6 GHz. And with
decreasing L, from 112 mm to 102 mm, Si; curves
also cannot fully cover 1.85-18.3 GHz. Therefore, the
optimal value L, = 112 mm is obtained.

S (dB)

11

- =L =102 mm

------- L,= 107 mm
-50 4 —L:= 112 mm
—-=L,= 122 mm
= =« L =132 mm
60 L ————— r ‘ r . . .
2 4 6 8 10 12 14 16 18

Frequency (GHz)

Fig. 5. Simulated S1; of VAE under different values of
Lo.

B. The influence of L3 on the performance of VAE
The initial value of length L3 is set based on the
design rule:

L, > max{0.52,,, 240} » (")

where Amin and Amax Stand for the minimum and maximum
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wavelengths in the operation band [13]. The length L3
has direct influence on the coupling effect between
waves generated by dual-slot structure. Thus the length
Ls has significant effect on the bandwidth of VAE.
Figure 6 shows simulated Si; of VAE under different
values of Ls. It can be seen that when Lz is equal to 62
mm or 72 mm, lower frequency of VAE cannot cover
1.85 GHz. And a stop-band occurs around 4 GHz when
Ls is increased. Hence, the length L3 is set to be 82 mm.
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Fig. 6. Simulated S1; of VAE under different values of
Ls.

C. The influence of L. on the performance of VAE

The major axis and minor axis of the elliptical slot
are 25 mmand 5 mm. This paper is focused on the location
of elliptical slot, which has direct influence on the
surface current distribution. Figure 7 shows simulated
S11 of VAE under different values of Le. As depicted in
Fig. 7, a stop-band is presented around 3 GHz when L is
equal to 52 mm or 47 mm, and as L. arrives at 62 mm
and 57 mm, two stop-bands are presented around 5 GHz
and 9 GHz. To obtain good performance from 1.85 GHz
to 18.3 GHz, the position of elliptical slot L. is optimized
to be 57 mm.
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Fig. 7. Simulated S1; of VAE under different values of L..



D. Configuration of dual-polarized Vivaldi antenna

By combining two VAES in a cross-shaped form, the
proposed dual-polarized Vivaldi antenna is obtained.
Figure 8 (a) shows the implementation details of proposed
dual-polarized Vivaldi antenna. Two complementary
cuboid slots are cut in substrates of VAEs for mounting
the VAEs orthogonally. The lengths of two cuboid slots
are 133.9 mm and 11.1 mm and the widths of two cuboid
slots are 0.5 mm.

b)

Fig. 8. (a) Implementation details and (b) photograph of
the proposed cross-shaped dual-polarized Vivaldi antenna.

In order to avoid feedlines overlapping, feedlines of
two VAEs are staggered to each other and that means
line L7 is shortened while Lio is lengthened to keep the
total length of feedline unchanged. Thus, the phase
center of VAE can remain the same. The stagger distance
between two feedlines is optimized to be 2 mm. As shown
in Fig. 8 (a), two semicircle slots are etched in radiation
surfaces of VAEs to avoid galvanic contact between
feedlines and radiation surfaces. Besides, mounting holes
are cut in substrates for RF connectors. The optimized
dimensions of the VAE are given as follows (all in mm):
L1 =145 1,=112,L3=82, L4 =32, Ls = 16, Ls = 19.91,
L7=12,Lg=8.3, Ly =1.86, L1o = 19.72, L11 = 8.58, L. =
57, Wy =58, W, = 19, W5 = 18.5, W, = 1.18, W5 = 0.36,
Ws = 0.2, W7 = 0.32, Ws = 0.16, Wg = 0.2, D1 = 16, Dz =
6.1. A prototype of the proposed dual-polarized Vivaldi
antenna is fabricated as shown in Fig. 8 (b).

E. Test of antenna
Simulated and measured S-parameters are shown in
Fig. 9. The measurement is performed on an Agilent
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8720ES network analyzer. It can be seen that the
proposed dual-polarized Vivaldi antenna can cover
1.85-18.3 GHz band with S;; better than -10 dB. The
measured isolation level between two VAEs across
operation band is better than -25 dB. The discrepancies
between simulated and measured results may be caused
by fabrication errors, the variation of material properties
and extra loss of the RF connectors.

S-parameters (dB)

S-paremeters (dB)

-60

2 HE 5 100 1z 14 16 I8
Frequency (GHz)

(b)

Fig. 9. (a) Simulated and (b) measured S-parameters of
the proposed antenna.

Figure 10 presents measured normalized radiation
patterns of the proposed antenna prototype at 1.85 GHz,
6 GHz, 13 GHz and 18 GHz. The patterns are presented
in xoy and xoz planes with the same coordinate system
shown in Fig. 8 and each plane contains both polarization
components (co-polarization and cross-polarization).
The results are obtained when one VAE is excited and
the other one is terminated to a 50Q load. It can be seen
that radiation patterns of VAE | in xoy plane are similar
to radiation patterns of VAE Il in xoz plane due to the
orthogonal orientation of two VAEs.

Figure 11 presents simulated and measured boresight
gain of the proposed antenna. The results are obtained
when one VAE is excited and the other one is terminated
to a 50Q load. It can be seen that gain values at lower
frequencies are higher than 4 dBi and peak gain values

of VAE | and VAE Il are as highas 11.3 dBiand 11.18 dBi.

Figure 12 presents measured cross-polarization isolation
as a function of frequency in the boresight direction. It can
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be seen that cross-polarization isolation of the proposed
antenna is better than 16.5 dB across 1.85-18.3 GHz
band, which means that the power ratio of radiated cross-
polarized components to the co-polarized components is
less than 2.2%. Table 1 shows comparisons between this
work and previous research. The proposed antenna
obtains good gain performance with compact aperture
width in the operation band.
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Fig. 11. Simulated and measured boresight gain of the
proposed antenna.
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Fig. 12. Measured cross-polarization isolation in the
boresight direction of the proposed antenna.

Table 1: Comparisons between this work and previous
research

0dB

-10dB

-20 dB

-30dB

-20dB

=10 dB 4

0dB

180

—— VAE I co-polarization
— = VAE I cross-polarization
st VAE 11 co-polarization
~ = VAE Il cross-polarization

(d)

Fractional | Aperture | Aperture Gain
Ref. | Bandwidth | Width Width/ (dBi)
(GHz) (mm) Amax

6 0.7-7.3 220 0.51 3.8-11.2

8 1.4-12 110 0.51 4-11.3

9 0.8-3.8 150 0.4 2.4-8.1
ThiS |1 85183 | 58 036 |4.06-113
work

Note: Amax Stands for maximum wavelength in the
operation band.

IV. CONCLUSION
A wideband dual-polarized Vivaldi antenna covering

Fig. 10. Measured normalized radiation patterns of the
proposed antenna in xoy and xoz planes at: (a) 1.85 GHz,
(b) 6 GHz, (c) 13 GHz, and (d) 18 GHz.

1.85-18.3 GHz band is presented in this letter. The
proposed antenna consists of two VAEs, which are placed
in a cross-shaped form to achieve dual-polarization.



Dual-slot structure is utilized and optimized to enhance
radiation characteristics. Elliptical slots are used to
extend lower frequency limit and enhance the radiation
characteristics at lower frequencies. A prototype of the
proposed dual-polarized Vivaldi antenna is fabricated
and measured. Measured results agree well with simulated
ones and the proposed antenna is qualified to be used in
modern antenna measurement systems.
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