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Abstract — This paper proposes a novel slot-like
sleeve-monopole antenna for ultra wideband
applications with multi-resonances performance.
The antenna consists of a CPW-fed sleeve
monopole antenna with a coupled inverted U-
shaped strip, surrounded by a pair of folded strips,
which provides a wide usable fractional bandwidth
of more than 120 % (3.09 GHz - 12.86 GHz). By
adding a coupled inverted U-shaped strip with
variable dimensions on the radiating patch and
also by inserting two folded strips, additional
resonances are excited and hence much wider
impedance bandwidth can be produced, especially
at the higher band. The designed antenna has a
small size of 30 x 30 mm?. Simulated and
experimental results obtained for this antenna show
that it exhibits good radiation behavior within the
UWB frequency range.

Index Terms — Coupled inverted U-shaped strip,
slot-Like sleeve-monopole antenna, and ultra
wideband communications.

I.INTRODUCTION

Commercial UWB systems require small
low-cost antennas with omnidirectional radiation
patterns and large bandwidth [1]. It is a well-
known fact that planar monopole and slot
antennas present really appealing physical
features, such as simple structure, small size, and
low cost. Due to all these interesting
characteristics, planar monopoles and slots are
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extremely attractive to be used in emerging UWB
applications, and growing research activity is
being focused on them.

In UWB communication systems, one of the
key issues is the design of a compact antenna
while providing wideband characteristic over the
whole operating band. Consequently, number of
printed microstrip slot and monopole antennas
with  different = geometries  have  been
experimentally characterized [2, 3] and automatic
design methods have been developed to achieve
the optimum planar shape [4, 5]. Moreover, other
strategies to improve the impedance bandwidth
have been investigated [6-9].

A simple method for designing a novel and
compact CPW-fed slot-like sleeve-monopole
antenna with multi resonance performance for
UWB applications has been presented. In the
proposed structure, based on electromagnetic
coupling theory (ECT), by inserting a coupled
inverted U-shaped strip, surrounded by a pair of
folded strips, on the sleeve monopole antenna,
additional resonances are excited and the
bandwidth is improved that achieves a fractional
bandwidth with multi resonance performance of
more than 120 %. Good return loss and radiation
patterns characteristics are obtained in the
frequency band of interest. Simulated and
measured results are presented to validate the
usefulness of the proposed antenna structure for
UWRB applications.
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1. ANTENNA DESIGN

The proposed slot-like sleeve-monopole
antenna fed by a 50 Q coplanar waveguide (CPW)
line is shown in Fig. 1, which is printed on an FR4
substrate of thickness 1.6 mm and permittivity 4.4.
The basic antenna structure consists of a CPW-fed
monopole antenna with a pair of sleeves and a
coupled inverted U-shaped strip, surrounded by a
pair of folded strips. The proposed antenna is
connected to a 50 Q SMA connector for signal
transmission.

0

Fig. 1. Geometry of the proposed antenna (unit:
mm).

In this study, the modified inverted U-shaped
coupled strip act as an impedance matching
element to control the impedance bandwidth of the
proposed antenna, because it can creates additional
surface current paths in the antenna therefore,
additional resonance is excited and hence, much
wider impedance bandwidth can be produced,
especially at the higher band [10]. The electrical
current for the exited resonance frequency does
change direction along the surface of the coupled
strip. Additionally, based on electromagnetic
coupling theory, the folded parasitic strips, are
placed around the coupled inverted U-shaped strip,
and act as parasitic half-wave resonant structure
electrically coupled to the sleeve monopole
antenna with a coupled inverted U-shaped strip.
They perturb the resonant response and also act as
a half-wave resonant structure. At the new
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resonance frequencies, the current flows are more
dominant around the parasitic elements [10].

[11. RESULTSAND DISCUSSIONS

In this section, the proposed antenna with
various design parameters were constructed, and
the numerical and experimental results of the input
impedance and radiation characteristics are
presented and discussed. The simulated results are
obtained using the Ansoft simulation software
high-frequency structure simulator (HFSS) [11].
Figure 2 shows the structure of various antennas
used for multi-resonance performance simulation
studies. Return loss characteristics for ordinary
CPW-fed monopole antenna (Fig. 2 (a)), with a
pair of rectangular sleeves (Fig. 2 (b)), with a pair
of rectangular sleeves and a coupled inverted U-
shaped strip (Fig. 2 (c)), and the proposed antenna
structure (Fig. 2 (d)) are compared in Fig. 3. As
shown in Fig. 3, it is observed that by using these
coupled elements including a coupled inverted U-
shaped strip, and by inserting a pair of coupled
folded strips on the sleeve monopole antenna,
additional third and fourth resonances are excited,
respectively, and hence the bandwidth is
increased.

As shown in Fig. 3, in the proposed antenna
configuration, the ordinary sleeve monopole can
provide the fundamental and next higher resonant
radiation band at 4.5 GHz and 8.48 GHz,
respectively, in the absence of the coupled
elements. To design a novel antenna, also in order
increase the upper frequency bandwidth, a coupled
inverted U-shaped strip is inserted in the radiating
patch of the sleeve monopole antenna as displayed
in Fig. 1. The upper frequency bandwidth is
significantly affected by using the coupled
inverted U-shaped strip. This behavior is mainly
due to the change of the surface current path by
the dimensions of the inverted U-shaped strip as
shown in Fig. 4 (b). This figure shows that the
electrical current for the third resonance frequency
(9.8 GHz) does change direction along the coupled
inverted U-shaped strip. Therefore, the antenna
impedance changes at this frequency, the radiating
power and bandwidth will increases. Furthermore,
the radiation efficiency will increase. However,
the resonant resistance is decreased [6]. In
addition, by inserting two coupled folded strips the
impedance bandwidth is effectively improved at
the upper frequency [10]. The inverted coupled



folded strips can be regarded as a parasitic
resonator electrically coupled to the sleeve
monopole with the coupled inverted U-shaped
strip. It is found that by inserting these folded
strips of suitable dimensions at the antenna; much
wider impedance bandwidth can be produced,
especially at the higher band. As shown in Figs. 4
(a) and (c), the current is concentrated on the
edges of the interior and exterior of the coupled
folded strips at second (6.15 GHz) and fourth
(12.2 GHz) resonance frequencies, respectively.
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Fig. 2. (a) The basic structure (CPW-fed monopole
antenna), (b) the sleeve monopole antenna, (c)
sleeve monopole antenna with a coupled inverted
U-shaped strip, and (d) the proposed antenna.
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Fig. 3. Simulated return loss characteristics for the
antennas shown in Fig. 2.
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Fig. 4. Simulated surface current distributions for
the proposed antenna shown in Fig. 1 at new
exited resonance frequencies, (a) 6.15 GHz
(second resonance frequency), (b) 9.8 GHz (third
resonance frequency), and (c) 12.2 GHz (fourth
resonance frequency).
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The simulated radiation efficiencies of the
proposed antenna are shown in Fig. 5. Results
of the calculations using the software HFSS
indicated that the proposed antenna features a
good efficiency, being greater than 82 %
across the entire radiating band. The proposed
antenna with optimal design, as shown in Fig. 6,
was built and tested in the antenna measurement
laboratory at Iran Telecommunication Research
Center (ITRC). Figure 7 shows the measured and
simulated return loss characteristics of the
proposed antenna. The fabricated antenna has the
frequency band of 3.09 GHz to over 12.86 GHz.
As shown in Fig. 7, there exists a discrepancy
between measured data and the simulated results.
This discrepancy between measured and
simulated results is mostly due to a number of
parameters such as the fabricated antenna
dimensions as well as the thickness and
dielectric constant of the substrate on which
the antenna is fabricated, the wide range of
simulation frequencies and also the effect of
SMA soldering. In order to confirm the accurate
VSWR characteristics for the designed antenna, it
is recommended that the manufacturing and
measurement process need to be performed
carefully, besides, SMA soldering accuracy
and FR4 substrate quality needs to be taken
into consideration. In conclusion, as the slot is a
short radiator, the SMA connector can modify its
impedance matching [4, 5].
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Fig. 5. Simulated radiation efficiency values of the
proposed monopole antenna.
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Fig. 6. Photograph of the realized printed slot-like
sleeve monopole antenna.
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Fig. 7. Measured and simulated return loss
characteristics of the proposed antenna.

Figure 8 shows the measured radiation
patterns including the co- and cross-polarized in
the H- (x-z plane) and E-planes (y-z plane). The
main purpose of the radiation patterns is to
demonstrate that the antenna actually radiates over
a wide frequency band. It can be seen that the
radiation patterns in the X-z plane are nearly
omnidirectional even at higher frequencies, and
also the cross-polarization level is low for the
three frequencies.

Figure 9 shows the simulated and measured
maximum gain of the proposed antenna in the z-
axis direction (X-Z plane). As shown in Fig. 9, the
proposed structure has a gain that is low at 2 GHz
and increases with frequency [8]. Reasonable
agreement between simulations and measurements
is demonstrated.
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Fig. 8. Measured radiation patterns of the
proposed antenna at (a) 6.15 GHz (second
resonance frequency), (b) 9.8 GHz (third
resonance frequency), and (c¢) 12.2 GHz (fourth
resonance frequency).
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Fig. 9. Measured and simulated maximum gain of
the proposed antenna in the z-axis direction (X-z
plane).
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V. CONCLUSION

In this paper, a novel slot-like sleeve
monopole  antenna  with  multi-resonance
characteristics and wide bandwidth capability for
UWRB applications is proposed. In this design, the
proposed antenna can operate from 3.09 GHz to
12.86 GHz. By adding a coupled inverted U-
shaped strip and also by inserting a pair of coupled
folded strips with variable dimensions on the
radiating patch of a CPW-fed sleeve monopole
antenna, additional resonances are excited and
hence much wider impedance bandwidth can be
produced, especially at the higher band. The
designed antenna has a small size. Good return
loss and radiation pattern characteristics are
obtained in the frequency band of interest.
Simulated and experimental results show that the
proposed antenna could be a good candidate for
UWRB applications.
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