Journal of Southeast University (English Edition)

Vol. 24, No. 4, pp. 424 —427

Dec. 2008 ISSN 1003—7985
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Abstract: A simple and compact microstrip-fed ultra wideband
(UWB) printed monopole antenna with band-notched performance
is proposed for wireless universal serial-bus ( WUSB). The
antenna is composed of a U-shaped line radiator and a small strip
bar and is partially grounded, so that the measured impedance
bandwidth of the antenna is about 7. 88 GHz covering 3. 12 to 11
GHz with VSWR below 2, and the expected band rejection of
5.06 to 5.89 GHz is also obtained. The characteristics of the
proposed antenna are analyzed, and the geometric parameters for
optimal performance are investigated in detail. A relatively
stable, quasi-omnidirectional and quasi-symmetrical radiation
pattern is also found. The proposed band-notched UWB antenna
requires no external filters to avoid interference with other
systems, and thus, greatly simplifies the system design of an ultra
wideband WUSB communication system.
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I n the short-range communications'" of a wireless person-
al area-network (WPAN) containing consumer electron-
ics (CE) and computer-associated devices, a combination of
wired universal serial-bus ( USB) technologies and ultra
wideband ( UWB) wireless technologies is needed. The
wireless universal serial-bus (WUSB) provides instant UWB
connectivity for a wide range of devices'™ . A high perform-
ance antenna with high data rates and high-speed intercon-
nects and low-power consumption is important for short-dis-
tance wireless communications under 10 m in the WUSB
system'” .

Recently, a considerable amount of researches have been
devoted to the development of an ultra wideband ( UWB)
antennas' in order to enable high data transmission rates,
low power consumption and simple hardware configuration
in the WUSB system. The UWB antennas of such systems
are also required for small-size, non-dispersive and wideband
properties. In 2002, the commercial applications of the fre-
quency band from 3.1 to 10. 6 GHz were approved by the
Federal Communications Commission ( FCC) in America.
Besides the considerations of ultra wideband performance,
the designation of antennas for UWB communication also
needs a band-rejection filter to avoid interference with exist-
ing wireless networks with standards such as IEEE 802. 11a
in the USA (5. 15 to 5.35 GHz, 5. 725 to 5. 825 GHz) and
HIPERLAN/2 in Europe (5. 15 to 5. 35 GHz, 5. 47 to 5. 725
GHz)"™'. As a result, UWB transmitters cannot cause any
electro-magnetic interference on nearby communication sys-
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tems such as wireless LAN ( WLAN) applications. Howev-
er, the use of a filter can increase the complexity of the
UWB system. To tackle this problem, many novel UWB pla-
nar antennas'®"” with band-notched characteristics have been
presented. In these designs, the filter can be eliminated and
the radio frequency systems can be simplified. Among the
newly proposed UWB antenna designs, the printed monopole
antennas'® "' have received much attention due to their wide-
band matching characteristics, omnidirectional radiation pat-
terns, high radiation efficiency and compact size. These an-
tennas make use of different structures to meet the require-
ments of return loss and radiation patterns. These structures
include the following configurations: two monopoles with a
small strip bar'™, half-bowtie shape'”, a coplanar
waveguide (CPW) resonant cell (CCRC) U9 "and a new fol-
ded strip monopole antenna with band-notched characteris-
tics'"'". Furthermore, other antennas are shaped as a planar
half-ellipse-shaped radiation patch''” and a main patch with
a inverted U-slot'" etc. The time domain performances of
these monopoles are investigated by either simulation or
measurement or by both.

In this paper, a novel and compact ultra wideband printed
monopole antenna with the band-notched performance for
WUSB applications is proposed. To achieve ultra wideband
and band-notched characteristics, the proposed antenna con-
sists of a U-shaped line and a small strip bar. The measured
frequency bandwidth with VSWR below 2 of the antenna
covers 3. 12 to 11 GHz with expected band rejection of 5. 06
to 5. 89 GHz, which satisfies the WUSB system requirements
very well.

1 Antenna Design

The fabricated UWB antenna is shown in Fig. 1 and the
geometry of the proposed microstrip-fed monopole antenna
is illustrated in Fig. 2. The antenna is fed with 50 () micros-
trip line and is printed on the FR4 substrate (L, x W)
with the height (#) of 1. 5 mm and relative permittivity &, =
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Fig.1 Antenna prototype (front view and back view)
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3.5. The ground plane has the dimension of W, x L, so that
ultra wideband characteristic is obtained. To avoid the inter-
ference, the strip bar with the dimension of W_ x L is loca-

ted in the U-shaped line radiator.

W

Lsub

50 Q feed line
’-ﬁ

Fig.2 The geometry of the proposed UWB band-notched antenna

Ground plane

A band-notched characteristic is mainly controlled by the
length (L., W) of the small strip bar, and the length (L) of
the monopole mainly determines the first and second reso-
nant frequency of the monopole antenna. The first and sec-
ond resonant frequencies (f,,f,) are determined by'

C
fi=——= (D)
l 2Ll V‘gr
C
f=——= (2)
’ 2L, /e,
where
L, :L+W2_d 3)
L,=1,+%=4 (4)

The strip bar length L, at the centre of the radiator is approx-
imately determined by
A Ao c

g

L = =
44 /e, 4, e,

where c is the speed of light and f, is the central band-not-
ched frequency. The parameters of the proposed antenna are
optimized with Ansoft HFSS after the calculation with the
formulations outlined above. The main parameters of the an-
tenna are shown in Tab. 1.

(5)

2 Antenna Characteristics

To verify the high performance of the proposed antenna,
VSWR is simulated using Ansoft HFSS and measured with a
vector network analyzer of the Agilent Company
(N5230A) . The simulated and measured results are plotted
and compared in Fig. 3. It can be seen that, the two results
are in fairly good agreement. The antenna covers a 7. 88
GHz bandwidth from 3. 12 to 11 GHz with a rejected band

Tab.1 Geometry dimensions of the antenna

Parameters Size/mm
L 15
w 15
L, 5.5
W, 2
L, 13

diee 14

Ly, 35

Wb 31
d 3.3
d, 2.5
L, 12.5

from 5. 06 GHz to 5. 89 GHz, which completely satisfies the
WUSB system requirements. When the strip bar is elimina-
ted, the band-notched performance of the antenna disap-
pears, as are the measured and simulated results plotted in
Fig. 3. As a result, the small strip bar plays an important role
as a band-notched filter to eliminate the limited band as is
expected.

14r —=a— Measured result with strip bar
12t Measured result without strip bar
Simulated result without strip bar
10 Simulated result with strip bar
: |
2 o
4t
2 L
1 1 1 1
O34 % § 10 12
Frequency/GHz

Fig.3 Measured and simulated VSWR of the antenna

Furthermore, the effects of the length (L;) and width
(W,) of the strip bar on the band-notched performance of
the antenna are investigated thoroughly with the other pa-
rameters unchanged. Return loss of the antenna with differ-
ent lengths and widths of the strip bar are simulated and
plotted in Figs.4(a) and (b). As the length of the strip bar
increases from 5. 1 to 5.9 mm, the central frequency of the
rejected-band varies from 6. 11 to 5. 18 GHz almost linearly
and the bandwidth is decreased. On the other hand, as the
width (W) of the strip bar increases from 1. 5 to 2. 5 mm, it
is clear from Fig. 5 that the bandwidth and the centre fre-
quency of the rejected-band increase slightly. Generally
speaking, from the simulation results shown in Figs. 4(a)
and (b), it can be concluded that the notched-band is affect-
ed by the length and width of the strip bar. The bar has al-
most no effect on the return loss of the other band for its in-
herent bandwidth.

As shown in Fig.4(c), when the length of the U-shaped
strip increases from 14. 5 to 15. 5 mm and the other parame-
ters are unchanged, the first central frequency decreases al-
most linearly from 4. 09 to 3.95 GHz, which agrees fairly
well with the calculation results of Eq. (1) (declines from
4. 020 to 3. 688 GHz) . For the U-shaped printed monopole,
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Fig.4 Return loss optimization of the antenna. (a) Simulated return loss for different lengths of the strip bar; (b) Simulated return loss for
different widths of the strip bar; (c) Simulated return loss for different lengths of the U-shaped strip; (d) Simulated return loss for different lengths

of the ground plane

the ground plane serves as an impedance-matching circuit.
The length of the horizontal gap between the patch and the
ground has an important effect on the whole band perform-
ance as shown in Fig.4(d).

Fig. 5 shows the measured gains of the proposed anten-
na. The gain in the low frequency band is about 3 dBi, and
in the high frequency band about 1 dBi, and the sharp de-
crease of the antenna gain is observed in the notched fre-
quency band. Although the gain in the high frequency band
is not very large, it is fairly stable compared to the frequen-
cy. As a result, the antenna is almost non-dispersive in the
band of 6.5 to 11 GHz. Radiation patterns at different fre-
quency points are also investigated, the patterns in the H-
plane are measured, as shown in Fig. 6. The quasi-omnidi-
rectional and symmetrical patterns in the y-z plane in the
whole band are obtained, which are necessary in the WUSB
communication system. The quasi-omnidirectional perform-
ance in the high frequency band is worse due to interference
of high modes. The patterns in the E-plane simulated with
HESS are also presented in Fig. 7.
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Fig.5 Measured antenna gain
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Fig.6 Measured radiation pattern in H-plane
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Fig.7 Simulated radiation pattern in E-plane
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3 Conclusion

A novel and compact wide-band microstrip-fed monopole
antenna with band-notched characteristic for WUSB appli-
cations is proposed. To achieve wideband and band-notched
characteristics, the antenna consists of a U-shaped line radi-
ator with a small strip bar. The band-notched UWB antenna
is designed, simulated, measured and analyzed in detail in
this paper. The measured or simulated results validate that
the antenna satisfies the requirements of WUSB communi-
cations. Valuable future research can concentrate on the
minimization of the antenna.
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