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A UWB antenna loaded by parasitic elements for wireless USB of mobile handsets is proposed for UWB service in which a band-
stop function of 5.725–5.825 GHz WLAN band is required. Two kinds of parasitic elements are incorporated into a rectangular
radiator to obtain enhanced impedance bandwidth and band-stop function. The proposed antenna is very compact in size.
Wide bandwidths of 3.15–4.75 GHz and 7.2–10.2 GHz are achieved while 5.725–5.825 GHz is notched. Three different shapes
of conventional mobile terminals are also considered for measurement.

1. Introduction

Ultra-wideband (UWB) antenna technology has been one of
the most fascinating design areas in indoor communications,
and it has been used with a variety of antennas [1–10].
It has the merits of high-speed transmission rate, low
power consumption, and simple hardware configuration
over conventional wireless communication systems. The
main challenge for UWB antennas is to maintain high
performance over a large bandwidth while having small
dimensions. Another design concern is that a UWB antenna
can allow a potential interference with a wireless local
area network (WLAN) [11–13]. Recently, there have been
attempts to include UWB systems in USB dongles [14–
17]. However, previous UWB antennas for wireless USB
devices are too large to be inserted into the terminals of
mobile handsets, and interference with the WLAN was not
considered in these designs.

In this paper, a UWB antenna for wireless USB for mobile
handsets is proposed that has both small size and a band-stop
function at the upper WLAN band of 5.725–5.825 GHz. Two
parasitic elements are used to achieve wideband characteris-
tics and the band-stop function. A tapered and folded feed
line is also used to obtain an enhanced impedance matching
characteristic [18]. All simulations in this work were carried

out using CST Microwave Studio. A design example of the
proposed antenna is demonstrated.

2. Antenna Structure

The three dimensional configuration of the proposed an-
tenna with its planar figure is shown in Figure 1. A
rectangular radiator and parasitic elements are fabricated
on the FR4 substrate with a dielectric constant of 4.5
and a height of 1 mm and mounted in the top left-hand
corner of a mobile handset board. The optimum design
parameters are: AW = 6.4 mm, AL = 6 mm, SL = 4.95 mm,
GW = 8 mm, GL = 2.5 mm, BW = 2.6 mm, FL = 7 mm,
and FW = 1.5 mm. The size of the radiator is 6.4 mm ×
6 mm × 3 mm, and the antenna clearance is 14.4 mm ×
16 mm. It has not only very compact size, but also low
profile. The PCB size is 35 mm × 80 mm × 1 mm, which
is typical for mobile handsets. The proposed antenna is
composed of a rectangular radiator, a folded and tapered
feed line, a parasitic element (1) on each side of the folded
feed line, and a parasitic element (2) on each side of the
rectangular radiator. The rectangular radiator has similar
characteristics to general planar monopoles [4]. The parasitic
elements (1) and (2) are connected to each other, and each
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Figure 1: Configuration of the proposed antenna. (a) Designed
structure, (b) planar figure.

element has a different role. The parasitic elements (1) can
operate as additional radiators due to their coupling with
the rectangular radiator, and these elements radiate at the
higher end of the band. The gaps between the radiator and
the parasitic elements (2) operate as lambda/4 short stubs,
achieving a band-stop function at 5.725–5.825 GHz in the
upper WLAN band by incorporating a parasitic element
(2) into each side of the radiator [2, 3]. These also act
as resonators that confine the energy formed by the fields
around the 5.725–5.825 GHz bands, and the stop band can
be made to correspond to the length (SL) of the parasitic
element (2). A folded and tapered feed line is used for
miniaturization of the proposed antenna and for enhanced
impedance matching.

3. Simulated Results Analysis

Based on our simulations using CST Microwave Studio, the
proposed antenna is designed and optimized to operate in all
UWB bands of 3.15–4.75 GHz and 7.2–10.2 GHz for VSWR
less than 2, including the band-stop function of 5.725–
5.825 GHz in the upper WLAN. According to the return loss
characteristics of the proposed antenna, the most strongly
influencing factor is the gap (SW) between the folded feed
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Figure 2: Simulated return losses due to width of gap (SW) between
a folded feed line and a parasitic element (1).
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Figure 3: Simulated return losses due to height (SL) of a parasitic
element (2).
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Figure 4: Simulated return losses due to parameter GL.
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Figure 5: Simulated return losses due to parameter GW.
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Figure 6: Current distribution of gaps between radiator and side
parasitic elements for band-stop. (a) 3.15 GHz, (b) 5.8 GHz.

line and each parasitic element (1). The results are shown
in Figure 2 and compared with an antenna without parasitic
elements (1). It can be seen that impedance matching can be
enhanced by adding parasitic elements into the radiator and
adjusting their widths. The width of 0.2 mm is determined
after considering characteristic of return losses.

The variations of design parameters due to SL are shown
in Figure 3. It can be observed that the desired band-stop
characteristic can be obtained from the gap formed by
adding a parasitic element (2), and the center frequency
for the band-stop function can be varied by adjusting the
height (SL) of a parasitic element (2). The length of SL
is determined to be 4.95 mm which is the lambda/4 at
about 5.725–5.825 GHz for considering dielectric constant
of 4.5 in the dielectric block. The return losses of the
proposed antenna due to parameter GL and GW are also
shown in Figures 4 and 5. It can be observed that their
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Figure 7: Photo of the proposed antenna.
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Figure 8: Measured return loss of the proposed antenna for the
various mobile terminals.

patterns are not largely influenced by those parameters. The
current distribution around lambda/4 short stubs for the
band-stop function at 3.15 GHz, compared with 5.8 GHz, is
shown in Figure 6. Currents around the radiator and gaps
have the same direction, and currents are distributed to the
entire ground plane at 3.15 GHz, while opposite currents are
strongly generated at gaps, and most of the currents are not
delivered to the ground plane at 5.8 GHz.
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Figure 9: Simulated and measured XZ-plane patterns of the
proposed antenna, 10 dB per division. (a) 3.15 GHz, (b) 7.2 GHz.

4. Experimental Results

Photos of the proposed antenna on the PCB are provided
in Figure 7, showing that the proposed antenna has a very
compact size. The proposed antenna is located in the top left
corner of the PCB. It is directly fed by coaxial cable on the
reverse side of the PCB, and the feeding point is connected
through a via. The tapered feed line of the antenna is directly
printed on the PCB and dielectric block. The main radiator

Table 1: Absolute gain of the proposed antenna for the various
mobile terminals.

Model
Maximum gain [dBi]

3.15 GHz 5.8 GHz 7.2 GHz

Bare-board prototype 5.75 −14.34 1.07

Slide type 1.71 −13.42 0.21

Clamshell type 2.79 −16.24 2.65

Bar type 1.42 −18.15 1.31

and parasitic the elements (1) and (2) are also attached to the
dielectric block after each etched pattern is fabricated.

The proposed antenna was housed in three kinds of
handset terminals of bar, slide, and clamshell type in order
to conduct measurements, and those return losses are shown
in Figure 8 compared with the return loss of a bare-board
prototype type that does not consider handset terminals.
That shows that the impedance bandwidths with VSWR less
than 2 are 3.15–4.75 GHz and 7.2–10.2 GHz. These cover
all UWB bands and reject the band at 5.725–5.825 GHz.
The measured radiation patterns of the proposed antenna
are compared with simulated results at 3.15 and 7.2 GHz,
as shown in Figure 9. These radiation patterns are omni-
directional, and it is observed that the measurement and
simulation results are in good agreement.

The radiation patterns of the proposed antenna housed
variously with handset terminals of bar, slide, and clamshell
types were also measured at 3.15, 5.8, and 7.2 GHz, as
shown in Figure 10. The antenna housed with handset
terminals is influenced by the terminals, distorting those
patterns. Table 1 shows the measured maximum gain of the
proposed antenna, which is the absolute gain considering
the reflections from the antenna [19]. It varies from 1.07 dBi
to 5.75 dBi on the XZ-plane except in the stop band of the
proposed antenna which has maximum gain from −0.21 to
2.79 when the antenna is housed with a mobile terminal.

5. Conclusion

We proposed a UWB antenna loaded by parasitic elements
for mobile handsets to operate over all UWB bands with a
band-stop function. This design can have wide impedance
matching due to the parasitic elements (1) that are incor-
porated into both sides of a folded feed line. Moreover, the
proposed antenna can have band-stop characteristic that are
created by adjusting the lengths of a pair of parasitic elements
(2). This proposed method can cover all UWB bands of 3.15–
4.75 GHz and 7.2–10.2 GHz for VSWR less than 2, while
5.725–5.825 GHz is notched. The proposed antenna has very
compact size and it is very easy to implement by bending
a simple metal plate into a compact structure. Ultimately,
this design has strong potential for the next generation of
convergence between UWB system and mobile handsets.
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Figure 10: Measured XZ-plane pattern of the proposed antenna for the various mobile terminals, 10 dB per division. (a) Bare-board
prototype, (b) slide type, (c) clamshell type, (d) bar type.
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