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A Novel Minaturized 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—TIn 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 haye been increas-
U ingly applied in wireless'.communication, biomedical.de-
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 III, 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 Fig. 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 E'g employed in this
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TABLE I
STRUCTURAL PARAMETERS OF DESIGNED ANTENNAS

Parameter Value (mm) Parameter Value (mm)
w 150.0 Ls 185.2
W, 31.1 Lg 193.0
W 43.3 L~ 172.2
W 47.0 g1 1.0
Wy 58.9 g2 1.5
W 54.5 g3 0.5
W 13.7 g4 0.9
L 258.0 s 0.2
Ly 206.2 96 0.5
Loy 36.0 Ry 15.0
Ls 221.8 Ro 15.0
Ly 17.3 Ry 10.0

design can be described by
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Fig. 1(b) illustrates the primary modified structure. A pair
of symmetrical tapered slots is inserted on the radiation fins
inspired by the TSE structure reported by Oraizi and Jam in
[8], which was used to reduce the size of the antenna. Using
the structure parameters given in Table I, the exponential curves
FEry and Ers of the TSE structure can be described using
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Configuration of the proposed TSERC structure Vivaldi an-
tenna is shown in Fig. 1(c). A pair of symmetrical resonant
cavities is inserted in the terminal of tapered slots for lengthen-
ing the effective length of the surface current path.

A microstrip-to-slotline transition structure is used to excite
the three antennas. As shown in Fig. 1(c), a tapered microstrip
feeding line is adopted for perfect impedance matching. The
port width of the microstrip feeding line is fixed to 1.5 mm to
achieve 50-(2 characteristic impedance.

III. RESULTS AND DISCUSSIONS

In order to validate the design of the proposed antenna, two
antenna prototypes as depicted in Fig. 2 have been fabricated and
tested. A 50-Q2 SMA connector was used to feed the antenna. The
fabricated antenna was measured using an Agilent ES071B pro-
grammable network analyzer and ETS-Lindgren measurement
system. Simulations were carried out using the CST Microwave
Studio. The xoy-plane and yoz-plane represent the E-plane and
H-plane.

A. Return Loss

Fig. 3 illustrates the S;; variation of the CVA, the TSE struc-
ture Vivaldi antenna, and the TSERC structure Vivaldi antenna.
As shown in the figure, the lower end S7; < —10 dB limitation
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Fig. 2. Photographs of the fabricated prototypes: (a) CVA, (b) TSERC Struc-
ture Vivaldi antenna.

Simulated CVA

Simulated TSE structure
—Simulated TSERC structure
— — —Measured TSERC structure
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Fig. 3. Return loss of proposed antennas.
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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 S7; 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 S7; variation is obtained by changing the joint
width (ge) and radius (R2) 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 (gg )
resulted in the reduction of low-end cutoff frequency. Mean-
while, the radius (Rjy) 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 (R») of resonant
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TABLE II
MEASURED HPBW OF PROPOSED ANTENNAS

Frequency 0.5 GHz 1 GHz 1.5GHz 2GHz
CVA - 89.7° 121.1° 60.5°
TSERC structure 89.5° 77.0° 55.6° 48.7°
Frequency 3 GHz 4 GHz 5 GHz 6 GHz
CVA 48.3° 53.8° 72.2° 58.1°
TSERC structure 45.1° 54.3° 71.1° 58.6°

cavity is kept at 0.5 and 15.0 mm, respectively, to maintain the
lower end S7; < —10 dB limitation at 0.5 GHz.

B. Radiation Patterns

The simulated and measured radiation patterns in E-plane
(zoy-plane) and H-plane (yoz-plane) at 0.5, 1.5, 2, 3, and 5 GHz
are all depicted in Fig. 5. The proposed antennas have endfire
characteristics with the main lobe in the axial direction of the
tapered slot (y-direction) with exception of the CVA at 0.5 GHz.
The difference between the simulated and measured results is
possibly due to misalignment errors between the measured an-
tenna and the reference antenna. Detailed comparisons of the
measured half-power beamwidth (HPBW) in E-plane of the
CVA and the TSERC structure Vivaldi antenna are shown in
Table II. At the lower tested frequencies, i.e., 0.5, 1.5, 2, and
3 GHz, both the simulated and measured results of the TSERC
structure Vivaldi antenna show significant improvement in di-
rectivity compared to the CVA. When the frequency is higher
than 3 GHz, the utilization_of the TSERC structure_does not
cause degradation of the directivity:

Table III lists out the comparison between the proposed an-
tenna and other published related antennas. From Table III, the
proposed TSERC structure Vivaldi antenna is smaller in dimen-
sions than the CVAs as reported in [11]-[15]. In addition, the
comparative results show the improvement in directivity of the
proposed antenna at 1 and 2 GHz.

C. Surface Current

In order to further understand the operating characteristic of
the TSERC structure Vivaldi antenna at the low frequencies, sur-
face current distribution of both conventional and the TSERC
Vivaldi antenna at 0.5 and 1.5 GHz are given in Fig. 6(a) and (b),
respectively. In region A, it is obvious that the proposed mod-
ification is able to enhance surface current along the radiating
edges, which can excite the lower frequency electromagnetic
wave. On the other hand, by inserting the slots and resonant
cavity, significant surface currents are observable in regions B
and C along the slot and resonant cavity edges. It means that
the effective length of the surface current path on the antenna is
lengthened due to the modification. Moreover, part of the sur-
face current along the radiating edges is coupled to the resonant
cavity indicating that the performance of the Vivaldi antenna at
the lower frequencies is further improved because of the pro-
posed structure. These characteristics of the TSERC structure
Vivaldi antenna contribute to extending the lower-end band-
width. Fig. 6(c) shows the surface current distribution of both
antennas at 5 GHz. The surface current in regions A, B, and
C showed no significant changes. Therefore, the TSERC struc-
ture has not worsened the performance apparently at the higher
frequencies.
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Simulated CVA
77777 Measured CVA
Simulated TSERC structure
x |- Measured TSERC structure

E plane
xoy plane

H plane
yoz plane

Fig. 5. Simulated and measured radiation patterns of two printed Vivaldi
antennas in E-plane (zoy) 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
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TABLE III
COMPARISON BETWEEN PROPOSED ANTENNA AND LITERATURE

HPBW in E-plane

Ref. no. Dimension (mm?)  Operating frequency 1 GHz 2 GHz
[11] 297 x 190 0.6-3.2 GHz 78.3° 51.4°
[12] 300 x 230 0.62-2.6 GHz 247.3° 173.6°
[13] 274 x 282 0.4-9.8 GHz 128.2° -
[14] 240 x 220 0.68-7.3 GHz - -
[15] 260 x 185 0.5-2.0 GHz 115.6° 58°
Proposed 258 x 150 0.5-6.0 GHz 77.0° 48.7°

(c)

CVA TSERC structure

Fig. 6. Surface current distribution of the CVA and the TSERC structure
Vivaldi antenna at (a) 0.5, (b) 1.5, and (¢) 5 GHz.

9- —®—Measured CVA
—e—Measured TSERC structure
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Fig. 7. Measured gain of proposed antennas.

the gain of the main lobe at the higher frequencies [12]. The
variations in the measured gain with frequency of the original
and proposed antenna are shown in Fig. 7. Compared to the
CVA, the measurement results show that the gain of the TSERC
structure Vivaldi antenna has increased at the lower frequencies
(<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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dition, the reduction of the gain at the higher frequencies of two
antennas attributes to the high cross-polarization level [16].

IV. CONCLUSION

In this letter, a TSERC structure Vivaldi antenna is proposed.
The lower-end S1; < —10 dB limitation of the proposed an-
tenna is extended to 0.5 GHz from the original 1.2 GHz. The
operation bandwidth has been increased by 14.6% and achieved
more than 19.5% size reduction compared to CVAs. Simulated
and measured results show that the TSERC structure Vivaldi an-
tenna performs with higher endfire directivity compared to the
conventional design. In addition, the antenna gain is improved
at lower frequencies using the TSERC structure. According
to the characteristics, the proposed antenna can be an excel-
lent candidate for the endfire directional UWB radio frequency
applications.

REFERENCES

[1] G. R. Aiello and G. D. Rogerson, “Ultra-wideband wireless systems,”
IEEE Microw. Mag., vol. 4, no. 2, pp. 3647, Jun. 2003.

[2] S. H. He, “An improved Vivaldi antenna for vehicular wireless com-
munication systems,” I[EEE Antennas Wireless Propag. Lett., vol. 13,
pp. 1505-1508, 2014.

[3] R. Nilavalan, I. Craddock, J. Leendertz, A. Preece, and R. Benjamin,
“Wideband micro strip patch antenna design for breast cancer tumour
detection,” Microw., Antennas Propag., vol. 1, no. 2, pp. 277-281, Apr.
2007.

[4] E.W.Reid, L. Ortiz-Balbuena, A. Ghadiri, and K. Moez, “A 324-element
Vivaldi antenna array for radio astronomy instrumentation,” /EEE Trans.
Antennas Propag., vol. 61, no. 1, pp. 241-249, Jan. 2012.

[5] J. Wu,Z.Zhao, Z. Nie, and Q. Liu, “A printed UWB Vivaldi antenna using
stepped connection structure between slotline and tapered patches,” I[EEE
Antennas Wireless Propag. Lett, vol. 13, pp. 698701, 2014.

[6] K.S. Yngvesson, T. L. Korzeniowski, Y. Kim, E. L. Kollbuerg, and J. F.

Johansson, “The tapered slot antenna-new integrated element for

millimeter-wave applications,” IEEE Trans. Microw. Theory Tech.,

vol. 37, no. 2, pp. 365-374, Feb. 1989.

K. Ebnabbasi, S. Sczyslo, and M. Mohebbi, “UWB performance of copla-

nar tapered slot antennas,” IEEE Antennas and Wireless Propag. Lett.,

vol. 12, pp. 749-752, 2013.

H. Oraizi and S. Jam, “Optimum design of tapered slot antenna profile,”

IEEE Trans. Antennas Propag., vol. 51, no. 8, pp. 1987-1995, Aug. 2003.

[9] T. H. Chio and D. H. Schaubert, “Parameter study and design of wide-
band wide scan dual-polarized tapered slot antenna arrays,” IEEE Trans.
Antennas Propag., vol. 48, no. 6, pp. 879-886, Jun. 2000.

[10] P. Fei, Y. C. Jiao, W. Hu, and F. S. Zhang, “A miniaturized antipodal
Vivaldi antenna with improved radiation characteristics,” [EEE Antennas
Wireless Propag. Lett., vol. 10, pp. 127-130, 2011.

[11] K. Ebnabbasi, D. Busuioc, R. Birken, and M. Wang, “Taper design of
Vivaldi and co-planar tapered slot antenna (TSA) by Chebyshev trans-
former,” IEEE Trans. Antennas Propag., vol. 60, no. 5, pp. 2252-2259,
May 2012.

[12] D. Navarro et al., “Compact wideband Vivaldi monopole for LTE mobile
communications,” IEEE Antennas Wireless Propag. Lett., vol. 14, pp.
1068-1072, 2015.

[13] J. Y. Siddiqui et al., “Design of an ultrawideband antipodal tapered slot
antenna using elliptical strip conductors,” IEEE Antennas Wireless Propag.
Lett., vol. 10, pp. 251-254, 2011.

[14] M. Sonkki, D. Sanchez, V. Hovinen, E. T. Salonen, and M. Ferrando,
“Wideband dual-polarized cross-shaped Vivaldi antenna,” IEEE Trans.
Antennas Propag., vol. 63, no. 6, pp. 2813-2819, Jun. 2015.

[15] F. Fioranelli, S. Salous, I. Ndip, and X. Raimundo, “Through-the-wall de-
tection with gated FMCW signals using optimized patch-like and Vivaldi
antennas,” IEEE Trans. Antennas Propag., vol. 63, no. 3, pp. 1106-1117,
Mar. 2015.

[16] Y. W. Wang, G. M. Wang, and B. F. Zong, “Directivity improvement
of Vivaldi antenna using double-slot structure,” IEEE Antennas Wireless
Propag. Lett., vol. 12, pp. 1380-1383, 2013.

[7

—

[8

—_





