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Abstract—A new directive ultra wideband (UWB) antenna
using a cavity-backed monopole is presented. This compact,
broadband, and high-gain antenna consists of a triangular-shaped
monopole radiating element along with a tapered cavity. The proposed design uses two pairs of shorting lines to improve radiation
pattern consistency at higher frequencies and a tapered cavity
to enhance the gain and impedance bandwidth of the antenna.
Electromagnetic simulations show an impedance bandwidth with
voltage standing wave ratio (VSWR) < 2 from 3.0 GHz to
14.5 GHz (133%) using the proposed bandwidth enhancement
techniques. The antenna achieves a gain greater than 6 dBi from
3.0 GHz to 10.8 GHz (113%) with a peak of 10.8 dBi. The
proposed antenna is relatively compact with overall dimensions
of 0.65λl × 0.32λl × 0.18λl where λl is the free-space wavelength
of the lowest operating frequency.

I. I NTRODUCTION
Over recent years, ultra wideband (UWB) antennas have
become increasingly popular due to the extensive range of
potential applications such as radar, medical imaging, and
high-data rate wireless communications. As these applications
aim to become more portable, it is desirable to minimize the
size of the antenna while maintaining high gain and radiation
pattern consistency over the antenna bandwidth.
In [1], a symmetrical folded antenna was used in a waveguide structure to attain a directional radiation pattern for use
in brain stroke detection. Though achieving a small form
factor with a maximum dimension of 0.29λ, the impedance
bandwidth is relatively small at 63% and it has a low average
gain of 3.5 dBi. Alternatively, a cavity-backed printed dipole
antenna can be used to achieve a much wider impedance
bandwidth with a higher gain [2]. However, this comes at the
cost of increasing the antenna dimensions.
Various other antenna designs have been proposed for
directive UWB applications such as a U-shaped bow-tie dipole
[3], or cavity-backed bow-tie antenna [4]. The goal in these investigations was to increase impedance bandwidth, peak gain,
and gain bandwidth while decreasing antenna size as much
as possible. However, in realizing each of these designs one
attribute typically suffers a degradation as another improves.
The antenna design in [5] uses a cavity-backed rectangular
aperture modiﬁed-dipole antenna to achieve an impedance
bandwidth (VSWR < 2.5) from 1.08 GHz to 4.9 GHz (128%)
with a peak gain of 11 dBi. However, in that work the input
impedance of the bow-tie antenna was 100 Ω. Therefore the
design required an impedance transforming balun in order to
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Fig. 1: Structure of the proposed antenna.

be matched to a 50 Ω system, which complicates both the
design and fabrication of the antenna. To address this issue, a
new compact UWB directive antenna is presented in this work
using a cavity-backed monopole that eliminates the need for
an impedance transforming balun. Techniques for enhancing
the bandwidth, radiation patterns, and gain are also presented
for the proposed design.
II. A NTENNA D ESIGN
The input impedance and operating frequency of a bowtie antenna structure are directly related to the bow-tie angle
and length, respectively [6]. Simulations showed that cavitybacked bow-tie dipole implementations achieve more desirable radiation patterns (i.e., a single high gain main lobe at
boresight) within the impedance bandwidth when matched to
100 Ω. To eliminate the need for a balun and impedance
transformation as in [5], a half bow-tie monopole design was
implemented. This design enables a TE10 ﬁeld distribution at
the aperture of the antenna despite the shorted waveguide’s
TABLE I: Dimensions of proposed antenna.
Variable
H
H1
H2
D

Value (mm)
32.3
24.8
30.5
17.9

Variable
W
W1
W2
θ

Value (mm)
64.6
48.1
15.7
67◦

H-Plane

electrically small size. The proposed antenna and its dimensions are presented in Fig. 1 and Table I.
There are two symmetrical sets of conducting lines on the
monopole which are used to combat the resonance created
between the side-walls and the monopole feed at frequencies
within the operating band. The outer and inner pairs have
widths of 0.4 mm and 1.7 mm, respectively, which could
be implemented with thin wires. These lines enhance the
boresight directivity at high frequencies. The taper at the back
end of the cavity provided signiﬁcant matching improvements
at the low end of the operational band as will be shown in
the following section. At the lowest operational frequency,
fl =3.0 GHz, the wavelength is λl = 100 mm. The overall
width, height, and depth dimensions of the antenna relative to
fl are therefore 0.65λl × 0.32λl × 0.18λl .




IV. C ONCLUSION
A compact ultra wideband cavity-backed monopole antenna
with bandwidth and gain enhancement has been designed and
simulated. Conducting lines and a tapered cavity were added to
the monopole element to enhance radiation pattern directivity
and improve input impedance matching. Relative to previous
designs of this type, the proposed antenna exhibits wider
impedance and gain bandwidths while achieving a similar
form factor. Furthermore, the proposed design eliminates the
need for an impedance transformer and balun, simplifying the
design and fabrication, and potentially reducing cost.
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III. S IMULATION R ESULTS
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Fig. 2: H- and E-plane patterns (gain in dBi) at (a) 5.0 GHz
and (b) 9.0 GHz.

Reflection Coefficient (dB)

The proposed antenna was designed and simulated with
FEKO [7], using the method of moments. The results are presented in comparison to an identical cavity-backed monopole
antenna without the conducting lines and tapered cavity, referred to as the ‘original’ design. The H- and E-plane radiation
patterns at 5.0 GHz and 9.0 GHz are shown in Fig. 2. These
patterns show the improvements with respect to gain across the
operational band. Both the proposed and equivalent monopole
antennas provide similar patterns at low frequencies. The
proposed antenna maintained peak H-plane gain at boresight
from 3.0 GHz to 11.0 GHz while the original antenna’s Hplane pattern is distorted from 4.8 GHz to 6.1 GHz and beyond
10.1 GHz.
The reﬂection coefﬁcient and gain at boresight versus
frequency can be seen in Fig. 3. Tapering the back of the
antenna cavity provided important matching improvements
from 3.0 GHz to 5.6 GHz giving the proposed antenna an
impedance bandwidth of 3.0 GHz to 14.5 GHz (133%) with
a VSWR < 2 (|S11 | < −10 dB).
The gain of the proposed antenna is shown to be higher than
that of the equivalent monopole over the entire operational
bandwidth. The gain is at least 6 dBi from 3.0 GHz to
10.8 GHz resulting in a gain bandwidth of 113%. The gain
bandwidth of the original design (gain > 6 dBi) occurs
between 6.3–10.0 GHz (46%). Additionally, the proposed antenna maintains near-peak gain (> 9 dBi) from 6.4–10.3 GHz
with a peak of 10.8 dBi occurring at approximately 8.7 GHz.
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Fig. 3: Reﬂection coefﬁcient and boresight gain of the
proposed and original antennas.
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