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A Palm Tree Antipodal Vivaldi Antenna with
Exponential Slot Edge for Improved Radiation
Pattern

Alexandre M. De Oliveir, Sudent Member, |EEE, Marcelo B.Perotoni,Sergio T. Kofuji,and Jo&o F. Jus

Abstract— This letter presents an Exponential Slot Edge
Antipodal Vivaldi Antenna (ESE-AVA), with improved radiative
features as compared to the conventional AntipodaVivaldi
Antenna (AVA) design. It extends the low-end bandvdth
limitation, mitigates the side and back lobe leve|scorrects squint
effect, and increases its main lobe gain. In ordep confirm those
features, a comparative study among the ESE-AVA, th low
directivity conventional AVA and two popular modifications,
regular slot edge (RSE) and the tapered slot edg&%E) AVA is
performed. A comparison between AVA and the proposk ESE-
AVA at 6 GHz shows an improved gain of 8.3 dB, -15.dB of
Side Lobe Level (SLL), and 0 degrees of main lobgsint (MLS),
in contrast with 5 dB of gain, -5 dB of SLL, and Segrees of MLS
in the conventional AVA. By comparing the ESE-AVA wth RSE-
AVA and TSE-AVA, it was observed that its notches ri
exponential shape, similar to open the main radiato besides
mitigating the SLL also directs the E-fields distrbutions towards
the main lobe. It reflects into a main lobe gain iprovement.

Index Terms—ultra-wideband, Antipodal Vivaldi Antenna,
Directivity Improvement.

|I. INTRODUCTION

HE Vivaldi antenna was originally designed morent38

years ago in a coplanar shape [1], and was lateridiged
in an antipodal shape [2]. It is an ultra-widebaledice which
has drawn great attention from researchers, andbleas
considered for applications in essentially all roigave
systems, such as in imaging medicine [3], radaesys [4, 5],
astronomy [6], vehicular communication [7], andotigh-wall
localization [8].

The AVA is suitable for applications in compact teyss,
either in single form or in an array, due to ighliweight and
small dimensions. It is a directive wideband angewith high
efficiency and gain, which can be integrated diyeatito a
circuit board [8-11]. Despite such features, thevaldi
antenna still has its shortcomings. The originakigie
especially its side edges, increases the SLL corfinorg edge
currents, which compromises antenna directivityaddition
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to a squint on its radiation pattern, which compis@s the
directional control of the main lobe (ML). Over thast few
years, several antenna designs have been proposader to
mitigate this problem, using directors in many ferrauch as
dielectrics [3, 12, 13] and metamaterials [14], cthi
compromises its main constructive qualities, insireg the
final antenna dimensions and making its design ¢exap

In order to reduce the SLL of an AVA, a tapered sldge
(TSE) has been recently used [12, 15, 16], whicko al
improves directivity, without increasing the volunoé the
antenna, but no additional gain for the antenna repsrted.
The TSE design inhibited edge currents, which wauiimote
the emergence of side lobes, acting as a resorfdterefore,
by removing edge currents, there is a relevanta#tigon on
the SLL of the AVA [7, 12, 15-17].

Here, it is presented a new design for the VivAldienna,
featuring a slot edge with exponential opening kimio the
opening of the main radiator, called Exponentiadt Sdge
(ESE). Comparing with a conventional AVA, the nemtesna
simultaneously reduces the SLL, corrects squinectfand
increases the gain of the ML. As a result, it pdes
improvements on the radiation characteristics, @ms of
directivity and gain, with a simple design and with
increasing the antenna dimension.

This letter is organized as follows: Section |l g@ets the
antenna design, Section Ill presents the numesraalysis,
experiments and results. Finally, Section IV présen
concluding remarks.

Il. ANTENNA DESIGN

Fig. 1(a) presents a traditional AVA, while Fig.b}1(
presents the proposed ESE-AVA (in metal layers )oriigre
named Palm Tree antenna. This new design trieetoedse
(in controlled manner) surface current intensities the
antenna edges, consequently decreasing the AVA SLL,
expanding the low frequency limit, and increasihg tML
gain.

The improvements do not change the antenna dimessio
when comparing AVA and ESE-AVA, which corresponds t
an occupied area of 36.3 x 59.81 mm2, with the sut4 mm
substrate thickness. This antenna is considerabgller than
in other investigations [7, 11, 14, 15]. Additional
miniaturization is possible by using substrateshwitigh
dielectric constant, such as LTCC or Alumina.
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Fig. 1. Design and antenna parameters in xz-plgajereference AVA.
proposed ESE-AVA.

(b)

The antenna is formed by a microstrip transitione li
(MTL), a main exponential slot radiator (MESR), aB8Es.
The MTL has a length of 23.02 mm and a width ofrh om a
Rogers RO3206 substrate with dielectric constarg. % and
tangential loss of 0.0027, in order match with3Gf SMA
connector. The MESR is designed, according to R&f, by

are added on the side of the antenna and are doshgghtly
(6=25°) with respect to the perpendicular antennaamyation
direction, in order to promote the surface currexastrol at
edges, simultaneously decreasing the lower limit tioé
bandwidth and increasing the gain of the ML.

TABLE | - PARAMETERS OF THEAVA AND ESE-AVA ARCHITECTURES

Dimension parameters Angles
a 4.03 e 59.81 i 6.87 « 550
b 11.17 f 5.91 r 1312 B 20°
c 18.15 g 9.97 w 36.30 y 100°
d 23.02 h 21.59 W 21.35 1) 250

The parameters a, b, c, d, e, g, 1, and w are identical for AVA, RSE-
AVA, TSE-AVA and ESE-AVA architectures shown in ghiletter.
Dimensions are given in mm.

Ill. 3D NUMERICAL AND EXPERIMENTAL RESULTS

The design of the ESE-AVA was performed in two step
[19]. The first one is an optimization of the aman
characteristics by 3D numerical simulations, while second
one is associated to experimental measurements on
prototype antenna with optimized parameters.

Numerical analysis was performed using the softzsd
Microwave Studio. The AVA and its volumetric surnalings
are represented by a 3D mesh matrix of 212 x 535 lls
respectively inx, y, andz directions, which represent more

the exponential curvi(z), given by equations (1), (2) and (3),than 3.7 million of cells. Additional open space2@ mm was

defined by the opening rate (R=0.105) and the pdi(iz;,x1)
andP,(z,X,), shown in Fig. 1.

f(@) =cie® +c, @

where
. X2—X1
€= eRz2_oRz1 (2)
and
xpeRZ2_x eRZ1
€2 =" p—her 3)

eRz2_egRz1

Fig. 2 shows the palm tree antenna, the picturtherieft
shows a top view, while the one on the right shawsottom
view.

Fig. 2. Fabricated ESE-AVA photograph, top view the left and bottom
view on the right.

Table | presents the antenna dimensional paraméibes
ESEs, that have the same exponential opening oMEESR,

considered on each side of the antenndirection), as well as
15 and 40 mm respectively in its front and bac#ifection).

The simulations were performed with the CST Tramsie
Solver, and some parameters were adjusted for thgeling
of the matrix, such as a density of 15 cells pevedength at 8
GHz with a bandwidth between 0 to 16 GHz. The patam
PEC/lossy metal edges factor was adjusted to 6. other
parameters were left as default.

In order to mimic a real system, the SMA connector,
shown in Fig. 3(a), was modeled and integratechénAVAs
models, based on a Multicomp SMA connector, speddi
the 0.64 mm substrate thickness, used in the metunéal
antenna, shown in Fig. 3(b).

SMA Connector i

Fig. 3. SMA connector: (a) in numerical model §bpat ESE-AVA.

The experimental measurements were performed in two
steps. The S parameters were measured, outsiddnameber,
using a HP 8722D Network Analyzer, while the meamants
of the radiation pattern, inside the chamber, wesgormed
using the following setup: the transmitter systdire(l) is
formed by an HP 8350B Sweep Oscillator and an HF983
RF Plug-in 2 to 8.4 GHz. The receiver system igted by the
antenna under test and the HP436A Power Meterppgdi
with HP8470D Power Sensor — the system turns around
mechanically.

Fig. 4 presents the measured and simulated reftecti
coefficient (§,) of the AVA and ESE-AVA. As reported by
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Refs. [12, 15, 17], the lower limit frequency isiueed from 1; ] ¥ .
5.08 to 4.73 GHz. The results are in good agreeméhtthe 5 .. 2: il
ones obtained by numerical simulations, observirg ESE- T , | Vo )
AVA compatibility with ultra-wideband (UWB) applitians, £} g- ¥ Y
especially from 5.6 GHz to more than to 11 GHz. L) e e | R
Ay (3TN
0 3% i T
4 5 6 / 8 9 10 11 12 13 14 15 16
m-10 Frequency in GHz
_‘; - Fig. 7. Simulated gains of AVA, ESE-AVA, RSE-AVAnd TSE-AVA.
gso RN L il T Fig. 8 provides additional elements to confirm tliad
T, e aessres | i proposed ESE promotes improvement on directivity gain
0o oo , " with respect to the conventional AVA, RSE-AVA an&H-
S5 % 4 5 & 7 & 9 10 1 12 13 14 15 16 AVA. The ESEs that are notched with the same exptisle
Frequency in GHz i i i 1
Fig. 4. Measured and simulateg, 8f the AVA and ESE-AVA. Lower limit open.njg shape .as of the . main radiator . promote @tlm
frequency reduction of ESE-AVA in details. conditions to avoid the trapping of E and H fields,occurs in

In order to perform a comparison among severalnate conventional slot edges, such as observed in Re&fs15-17].

designs, which have been proposed recently, matiifics
were made to the reference AVA, shown in Fig. 5f@yo 0
types of slot resonator edges were consideredetiidar edge |
slot (RSE), shown in Fig. 5(b), and the tapered sidge N
(TSE), shown in Fig. 5(c). The WR1 width is equ@bt3 mm,
while the WR2 width is equal to 12.3 mm.

]

® § 0 o @ 0
Fig. 8. Surface current of (a) AVA, (b) RSE-AVAG)(TSE-AVA, and (d)
ESE-AVA at 6 GHz.

The improvement on the characteristic radiation aof
ESE-AVA is due to the control of current distritmrtinear the
lateral antenna edges. In the AVA, in Fig. 8(ag #econdary
current distributions are concentrated at the sittges, leading
Fig. 5. (a) Reference AVA. (b) Modified AVA with$E. (c) Modified AvA 10 @ high radiation SL of the order of 0 dB at 6 ith both

with TSE. (d) Proposed AVA with ESE. RSE-AVA, in Fig. 8(b), and TSE-AVA, in Fig. 8(c)hére is

Fig. 6 shows the ;$ parameter of the AVA, ESE-AVA, confinement of E and H fields in the resonator pathce the
RSE-AVA, and TSE-AVA systems. notches trap polarized surface currents. Henchowadih the

radiation generated by them considerably reducesShL,

0 NI there is no significant improvement on ML. In th8EEAVA,
@-10p -~ A e LA TP\ N/, in Fig. 8(d), there is an interesting effect, colitng the
£.20 AL M N WW W% ¥ current distribution similarly to what happens ifEBR, which
5_30 —aa ) for some moments enhances the main lobe radiaion (

—— ESE-AVA|
------ RSE-AVA|
40t |=+=TSE-AVA|

contrast to trapping in RSE and TSE), besides ptimgndhe
reduction of SLL.

In the simulations, the lower frequency limit of AVis
5.28 GHz, while of ESE-AVA is 5.08 GHz, and of TBEA
is 5.24 GHz. The RSE-AVA presented a worst lowsnitliof

] 1 2 3 4 5 6 7! 8 9 10 11 12 13 14 15 16 r
! / ) 132
5.43 GHz. t" = [

Frequency in GHz
Fig. 6. Simulated 3 comparison of the AVA, ESE-AVA, TSE-AVA, and
RSE-AVA. Lower limit frequency reduction of ESE-AVIA details.
Ly Ll 1l
Fig. 7 shows the simulated gains for the convemti®vA F(_“) : A‘éAf_ . d_‘ “?f%“%* |(°) TSE;AZAW( ;";\fig“(‘i‘)mRSE —
and three modifications (ESE-AVA, RSE-AVA and TSE-'9: 9. E-field distribution in xz-plane at a) AVA, -AVA,
AVA). The gain improvement promoted by the ESE &z (c) TSE-AVA, and (d) ESE-AVA at 6 GHz. o
is greater than 3 dB, and remains around 8 dB UPHGH?z. As a result of surface current distribution on #menna,
This almost constant gain, which is not observedrip other an E-field radiation pattern emerges, which issiifated in
AVA, is an ideal feature for UWB radar applicatiofis is  Fig- 9. The Efield distribution in different dirgens is
due to the relationship of the respective wavelengind the Ppromoted in the AVA, in Fig. 9(a). Both RSE-AVA, Hig.
distances between the notched ESEs, on the edgesenina.  9(b), and TSE-AVA, in Fig. 9(c), trapped E-fieldsside the
slot edges, which reduces the lateral E-field itistion
considerably, but the front-distribution (endfiregmains
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almost unchanged when compared to AVA.

In the ESE-AVA, the ESEs format is similar to th&SR,
providing a controlled and directional radiationtloé E-fields,
which is combined (added) with the front E-fielddition
(endfire), as illustrated in Fig. 9(d). In addititmreduce SLL,
the ESE-AVA provides higher gain. Fig. 10(a) shahsat at 6
GHz the gain goes from 5 dB in AVA to 8.3 dB in EBKA.

8l 6GHz o ESE-AVA __ESE-AVA |
% 4 Measured ™ Simumation|
s « xAVA
£ 0 £ 50\
T 4 I \
(L] I/;x \ \
3 ok E A\
—— hd \
12y . Ui
i£-16 (b) '
-20,
24

180 90 0 90 180-180 -90 O 90 180-180
Theta angle in degrees

Fig. 10. Measured and simulated radiation patt¢rf@) 6 and (b) 8.4GHz of
the AVA and ESE-AVA. (c) Simulated radiation pafteat 6GHz of the AVA
(dashed-line), ESE-AVA (solid-line), RSE-AVA (dotdide), and TSE-AVA
(dotdashed-line).

Figs. 10(a) and (b) display the radiation patteiorsco-
polarization at 6 and 8.4 GHz, respectively. Thisra good

90 0 90 180

Finally, the new design also led to a squint cdioacfrom 5
to 0 degrees. The addition of these ESEs promoted a
important improvement in antenna directivity.
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