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Design of a UWB Antenna with Band-Notch Function
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Abstract

In this paper, a compact wideband antenna with a band-notch function is proposed. It operates over the UWB band
with a band-stop characteristic. To increase the impedance bandwidth, a ring-shaped radiator is used. By attaching a
circular stub to the ring-shaped radiator, the band-notch performance is obtained. The proposed antenna operates over
a frequency range from 2.7 GHz to 11 GHz to satisfy the 10-dB return-loss requirement and provides band-stop
performance in the frequency band from 5.15 GHz to 6.1 GHz. Experimental results reveal that the proposed antenna
exhibits good radiation performance and is suitable for UWB applications.
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1. Introduction

Since the release by the Federal Communications Co-
mmission(FCC) of a wide spectrum for an ultra-wide-
band(UWB) system in 2002, UWB technology has
received considerable attention. UWB systems have
been widely considered as an alternative to conventional
wireless systems due to their advantages, such as porta-
ble size, low power consumption, and high data rate.
Due to the attractive performance of UWB systems in
providing wide bandwidth and a reasonable radiation pa-
ttern, planar monopole antennas’™ ™' have been inves-
tigated for wireless UWB systems. Among them, cir-
cular monopole antennas® ™ have simple structure and
wideband characteristics. However, since the allocation
of the 5-GHz frequency band to WLAN(5.15 GHz to
5.825 GHz) services, a band-stop filter in UWB systems
has been necessary to avoid interference between UWB
and WLAN services. To avoid the increasing complexity
of the UWB system due to the use of a band-stop filter,
UWB antennas with a band- stop function have been

investigated using slots of various shapes®”
[10]

, tuning
stubs), spurline[g], and parasitic elements
In this paper, we propose a compact UWB antenna
that uses a circular stub in order to achieve the band-
stop characteristic. Wideband performance is obtained
by choosing a ring radiator connected to a circular stub
to provide band-notch functionality. The antenna is
mounted on the top portion of the ground plane. Critical
parametric analysis, measured and simulated return-loss
characteristics, and radiation patterns are presented.

Band Notch, Circular Stub, Ring Radiator, UWB, WLAN.

II. Antenna Design

2-1 Wideband Antenna Design

Fig. 1 shows the configuration of the proposed ante-
nna, which consists of a circular radiator with a circular
slot and a circular-shaped stub. In the antenna design,
the circular slot is inserted into the main radiator to
obtain the wideband characteristic. The antenna and
ground plane are fabricated on the FR4 substrate with a
dielectric constant of 4.4 and thickness of 1.6 mm. A 50
Q feed line and circular main radiator are attached to
the top of the substrate. The length of the feed line is
fixed at 3.5 mm, which is about A/8 at 10.6 GHz(the
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Fig. 1. Geometry of the proposed UWB antenna.
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highest frequency of a UWB band). The main radiator
is bent and separated by a distance of D¢ from the
substrate, as shown in Figs. 1(a) and 1(b). The dimen-
sions of the antenna are 40x18x2.6 mm. The dimensions
of the ground are fixed at 22x18 mm, which is the
system ground size of a typical USB dongle device. Fig.
2 shows the simulated return- loss characteristics for
various radii(Rs) of the circular slot from 2.7 mm to 4.7
mm. It is clear that the impedance matching depends
largely on the inner radius of the ring-shaped radiator.

Fig. 3 illustrates the simulated return-loss characteris-
tics at various distances(Dg) between the main radiator
and ground plane. As shown, the impedance bandwidth
reaches its maximum at Dg=1 mm, at which the im-
pedance bandwidth becomes about 8 GHz(from 2.72 GHz
to 10.98 GHz). One can conclude that the parameters Rs
and D¢ are the factors that determine the upper opera-
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Fig. 2. Return loss characteristics for various values of
Ry(Dg is fixed at 1 mm).
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Fig. 3. Return loss characteristics for various values of
Des(Rs is fixed at 3.7 mm).

40

ting frequency, impedance bandwidth and impedance
matching.

2-2 Design of a Wideband Antenna with Band-stop
Characteristic

To obtain the band-stop performance, the circular stub
is attached to the main radiator, as shown in Fig. 4. The
circular stub generates additional surface currents, which
are flowing in a direction opposite to that of the main
radiator, as shown in Fig. 5. The field radiated by this
opposite current will cancel that of the main radiator.
Fig. 6 shows the return-loss characteristics for the va-
rious radii of the circular stub. The stop-band frequency
is controlled by changing the radius of the circular stub.

. Measured Results

A picture of the fabricated antenna is shown in Fig. 7.

Circnlar stub
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(a) Detailed view (b) Side view

Fig. 4. Detailed configuration of the main radiator with
circular stub.

Fig. 5. Surface current distributions at 5.6 GHz.
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g. 6. Calculated return loss characteristics for various
radii of the circular stub.

Fig. 7. Photograph of the fabricated antenna.

The impedance performance of the proposed antenna
was measured using the HP 8719 ES network analyzer.
Fig. 8 shows the measured return-loss characteristics
with and without the circular stub. When the circular
stub is absent, the 10-dB return-loss bandwidth is about
8 GHz(2.6 GHz to 10.65 GHz). When the circular stub
is present, the impedance bandwidth is 8.3 GHz(2.7
GHz to 11 GHz), including the stop-bandwidth of 0.95
GHz(5.15 to 6.1 GHz).

The measured radiation patterns for the UWB antenna
with and without the circular stub in x-y, y-z, and z-x
planes are plotted in Fig. 9. These radiation patterns
show that the proposed antenna behaves quite similarly
to typical printed monopoles.

Fig. 10 shows the measured gain of the proposed
antenna with and without a stub. The gain drops sharply
around 5 GHz, as expected. The gain variation is about
2.98 dB, except for the stop-band.

Fig. 11 shows the measured group delay characteristic
of the proposed UWB antenna. In the UWB system, the
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Fig. 8. Measured return loss characteristics with and with-
out the circular stub.

phase of the radiated field should vary linearly with the
frequency. That is, a stable group delay response is
desirable. The group delay, g, is defined!"" as

__o¢

& 270f (1)

where ¢ is the far-field phase and f is the frequency.

In order to obtain the group delay characteristic, two
identical antennas were connected to a network analyzer
(Agilent's 8719ES, which converts the frequency domain
data into the time domain using a chirp-Z Fourier
transform with time domain option)[12]~[14]. The distance
between the two antennas was 300 mm due to the
low-output powers of the network analyzer and the iden-
tical face-to-face arrangement of the antennas. It can be
observed from this result that the group delay variation
of the proposed antenna is less than 0.72 ns, except for
the stop-band frequency. In the vicinity of the stop-
band, the group delay variation greatly exceeds 1 ns,
which can deteriorate phase linearity.

IV. Conclusion

A wideband antenna with a band-stop function for the
WLAN service(5.15 GHz to 5.825 GHz) has been pro-
posed. The antenna consists of a circular radiator with
a circular slot and a circular stub. The overall dimen-
sions of the antenna are 40x18x2.6 mm. The impedance
bandwidth of the designed antenna is 8.3 GHz(2.7 GHz
to 11 GHz), including a stop- bandwidth of 0.95 GHz
(5.15 GHz to 6.1 GHz). The measured gain variation is
about 2.98 dB, except for the stop-band. The overall
antenna characteristics are sufficient for UWB applica-
tion.
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Fig. 9. Measured radiation patterns of the proposed antenna.
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Fig. 10. Measured antenna gain characteristics for the pro-
posed antennas.
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Fig. 11. Measured group delay characteristics.

This research was supported by the MKE(Ministry
of Knowledge Economy), Korea, under the ITRC
(Information Technology Research Center) support pro-
gram supervised by the IITA (Institute of Information
Technology Assessment)(IITA-2009-C1090-0902-0019)

References

[1] First Report and Order, Federal Communications Co-
mmission(FCC), Feb. 2002.

[2] Z. N. Chen, "Broadband planar monopole antenna”,
IEE Proc. Microw. Antennas Propag., vol. 147, no.

. : DESIGN OF A UWB ANTENNA WITH BAND-NOTCH FUNCTION

6, pp. 526-528, Dec. 2000.

[3] Jianxin Liang, Choo C. Chiau, Xiaodong Chen, and
Clive G. Parini, "Study of a printed circular disc
monopole antenna for UWB systems", IEEE Trans.
Antennas and Propag., vol. 53, no. 11, Nov. 2005.

f4] J. Liang, C. C. Chiau, X. Chen, and C. G. Parini,
"Printed circular ring monopole antennas", Microw.

Opt. Technol. Lett., vol. 45, no. 5, Jun. 2003.

[5] Jianxin Liang, Lu Guo, Choo C. Chiau, and Xiao-
dong Chen, "CPW-fed circular disc monopole ante-
nna for UWB applications", [EEE International
Workshop on Antenna Technology 2005, Mar. 2005.

[6] Y. Kim, D. -H. Kwon, "CPW-fed planar ultra wide-
band antenna having a frequency band notch func-
tion", Electron. Leti., vol. 40, pp. 403-405, Apr.
2004.

[71 X. L. Bao, M. J. Ammann, "Printed UWB antenna
with coupled slotted element for notch-frequency
function", Int. J. Antennas Propagat., vol. 2008, pp.
1-7, 2008.

[8] Y. Gao, B.-L. Ooi, and A. P. Popov, "Band-notched
ultra-wideband ring-monopole antenna", Microw. Opt.
Technol. Lett., vol. 48, pp. 125-126, Jan. 2006.

[9] A. M. Abbosh, "Ultra wideband planar antenna with
spurline for subband rejection", Microw. Opt. Tech-

nol. Lett., vol. 50, pp. 725-728, Mar. 2008.

[10] K.-H. Kim, Y.-J. Cho, S.-H. Hwang, and S.-O.
Park, "Band-notched UWB planar monopole ante-
nna with two parasitic patches", Electron. Lett.,
vol. 41, pp. 783-785, Jul. 2005.

[11] Y. J. Cho, K. H. Kim, D. H. Choi, S. S. Lee, and
S. O. Park, "A miniature UWB planar monopole
antenna with 5-GHz band-rejection filter and the
time-domain characteristics", IEEE Trans. Ante-
nnas and Propag., vol. 54, no. 5, pp. 1453-1560,
May 2006.

[12] Agilent Technologies, Service Guide Agilent Tech-
nologies 8719ET/20ET/22ET 8719ES/20ES/22ES
Network Analyzers, Aug. 2006.

[13] Do-Hoon Kwon, "Effect of antenna gain and group
delay variations on pulse-preserving capabilities of
ultrawideband antennas", JEEE Trans. Antennas and
Propag., vol. 54, no. 8, pp. 2208-2215, Aug. 2009.

[14] Jia-Sheng Hong, and M. J. Lancaster, Microstrip
Filters for RF/Microwave Application, USA, Wiley,
2001.

43



JOURNAL OF THE KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE, VOL. 10, NO. 1, MAR. 2010

Zeng Fanli

Jaewon Lee

44

received the B.S. degree from Wuhan Uni-
versity, Wuhan, China, in 2008, and is cu-
mrently working toward the ML.S. degree at
Hanyang University, Seoul, Korea. Her
research interests are antennas and RF
systems.

was born in Yeoju, Korea, in 1981. He
received the B.S. degree from Kongju
University, Kongju, Korea, in 2007, and
is currently working toward the M.S. de-
gree at Hangyang University, Seoul, Korea.
His research interests include antenna de-
sign and microwave circuit design.

Chulhee Kim

was born in Seoul, Korea in 1970. He
received the B.S. degree from Hanyang
University, Korea in 1993. He is currently
working toward the M.S. degree at Han-
yang University, Korea. Kim worked in a
television research center at Daewoo Elec-
‘ tronics Co., Ltd., from 1996 to 2002, and
i has been working at the Reliability Techno-
logy Research Center within the Korea Electronics Technology
Institute(KETI). His research areas include reliability consul-
ting, assessment and Electromagnetic Susceptibility(EMS) per-
formance testing of electronic components and equipment.

Jachoon Choi

= was born in Seoul, Korea, in 1957. He
received the B.S. degree from Hanyang
University, Korea, the M.S. degree and
the Ph.D. degree from Ohio State Uni-
versity, Ohio, in 1980, 1986, and 1989,
respectively. From 1989~1991, he was a
research analyst with the Telecommunica-
~ tion Research Center at Arizona State
University, Tempe, Arizona. He had worked for the Korea
Telecom as a team leader of the Satellite Communication
Division from 1991 to 1995. Since 1995, he has been a pro-
fessor in the Department of Electrical and Computer Engi-
neering at Hanyang University, Korea. He has published more
than 100 refereed journal articles and numerous conference
proceedings. He also holds 20 patents. His research interests
include antenna, microwave circuit design, and EMC. Cu-
rrently, his research is mainly focused on the design of com-
pact, multi-band antenna for mobile wireless communication,
softiware defined radio(SDR) systems, and ultra-wideband
(UWB) systems.



