A Multilayer-Stacked UWB Yagi Antenna
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Abstract—By taking advantage of a wideband bow-tie
antenna in the Yagi configuration, a novel multilayer-stacked
ultra-wideband (UWB) Yagi antenna is proposed. First, the
fundamental 3-layered UWB Yagi model is studied with respect
to a few critical dimensions. Then, several directors are added to
form a multilayer-stacked Yagi antenna, where the width of the
directors is optimized in a monotonic decreasing manner. A Six-
layered UWB Yagi antenna is studied by simulations. It covers
3.4-10.6 GHz with its return loss better than 10 dB, and it
achieves a high directivity up to 13 dBi and a relative cross-polar
level better than -10 dB in the whole band.
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I. INTRODUCTION

FCC in 2002 declared the ultra-wide band (UWB) ranging
from 3.1 GHz to 10.6 GHz as a license free band. During
recent decades, the UWB antennas have found many
applications in radar, telecommunications, wireless sensor
networks, remote sensing and so on [1]-[4]. In recent years,
Yagi and quasi-Yagi antennas have drawn much attention
because of high gain and simple structure [5]-[6]. In our
previous research on feeds for reflector antennas, we presented
the gain enhancement and matching improvement of a bow-tie
antenna with a stacked parasitic patch on top [7]. The present
study extends the use of the parasitic patches and investigates
the effect of various parameters on antenna performance.

Il. FUNDAMENTAL 3-LAYERED UWB YAGI MODEL

First, a planar bow-tie dipole is investigated as a driver of
the Yagi antenna, whose petal is constructed by a rectangular
and a semicircular patch, whereas the central of the dipole is
cut into straight edges for connecting an UWB balun to a
ground plane. The surface currents of the driver dipole at 3
and 11 GHz are simulated by HFSS, as shown in Fig. 1. It can
be observed that most of the currents is distributed along the
edges near the feed gap at both frequencies. Therefore, a
number of closely-spaced identical parallel patch bars can be
used as directors, as shown in Fig. 2(a). If we increase the
width of the bars and reduce the spacing until they join
together, then the patch bars will be evolved into a solid patch,
as depicted in Fig. 2(b). The S-parameter and co- and cross-

polar far-field components of the patch bars and the solid
patch are compared by using CST MWS. The results exhibited
in Fig. 2(c) and (d) indicate that the two director configura-
tions lead to very similar performance in both matching and
radiation. For convenience, we use the solid patch for the
director design.
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Fig. 1. Surface current on driver dipole: (a) 3 GHz, (b) 11GHz.
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Fig. 2. Director evolution: (a) parallel-bars director, (b) solid patch director, (c)
S-parameters, (d) co- and cross-polar directivities of the two configurations
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The fundamental 3-layer-stacked Yagi antenna model is
drawn in Fig. 3. The antenna is with air-substrate and consists
of a planar bow-tie dipole as the driver, a patch as the director
and the ground plane as the reflector, which are all made of
copper plates with a uniform thickness 0.5 mm. The driver
dipole is fed by an UWB balun in connection with a coaxial



cable that passes through the ground plane from beneath.
Detailed dimensions are given in Table I.
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Fig. 3. Configuration of the 3-layered UWB Yagi antenna model: (a) 3D view,
(b) top view, (c) side view, (d) source dipole.

TABLE |. PARAMETERS OF 3-LAYERED ANTENNA MODEL (mm)

Parameter | Lx | Ly | Dx1 | Dyl | H1 | H2 | D1 S1 S2

Value 60 | 60 24 12 5 13 | 26 4.4 1.6

I1l. 6-LAYER-STACKED UWB YAGI MODEL

Based on the 3-layer-stacked model, we simply add more
identical directors with same spacing H1 (see Fig. 3(c)) above
the first director to form a multilayer-stacked UWB Yagi
antenna. The relationship between its maximum gain in the
operating ultra-wideband and the number of directors is
investigated and compared with the linear narrow-banded
Yagi antenna [8], as shown in Fig. 4(a). It can be found that
the two Yagi antennas have a very similar trend for the gain
curves, which indicate a saturation on the gains when the
number of directors hits a certain value, 8, in this case;
meanwhile, the gain of the UWB Yagi model is greater than
its counterpart when the director number of the two is same.
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Fig. 4. (a) The gain versus the number of directors (the green curve is by
courtesy of [8]), (b) A 3D view of a Yagi model with 4 directors.

Shown in Fig. 4(b) is a 6-layer-stacked model, for
compromise on the gain and the compactness. However, the
S11 parameters as well as the directivities of the 6-layered
model with identical directors are not so good in the upper
band (see Fig. 5). In order to improve the performance, the y-
axis width of the 4 directors is optimized in a monotonic
decreasing manner, while the x-axis length and the z-axis
spacing are kept same as previous. Fig. 5 clearly shows that

the model with decreased-width directors performs as well as
the one with equal-width directors in the lower band, while the
former greatly outperforms the latter in the upper band; the Si;
parameter is better than -10 dB over 3.4-10.6 GHz, the
directivities vary around 8-13 dBi and the relative cross-polar
level is below -10 dB in the whole band.
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Fig. 5. (@) Si: and (b) co-polar directivity and cross-polar directivity vs.
different y-axis width directors. The marking of 12 10 8 6 means the width of
the 1% (closest to the driver dipole), 2™, 3 and 4" director, respectively.

IV. CONCLUSION

A six-layer-stacked UWB Yagi antenna has been proposed
and optimized. The antenna can operate over 3.4-10.6 GHz
with return loss better than 10 dB, the directivity between 8-13
dBi, and the relative cross-polar level below -10 dB.
Compared with the linear narrow-banded Yagi antenna with
the same gain, this UWB Yagi antenna is more compact by
using fewer directors, a candidate for UWB communication
applications.
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