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Compact UWB Antenna With I-Shaped Band-Notch
Parasitic Element for Laptop Applications
Nakchung Choi, Changwon Jung, Joonho Byun, Frances J. Harackiewicz, Senior Member, IEEE, Myun-Joo Park,
Yong-Seek Chung, Taekyun Kim, and Byungje Lee, Member, IEEE

Abstract—A compact ultrawideband (UWB) antenna with a
band-notch function is proposed for laptop applications. The
band-notch function is realized by a half-wavelength parasitic
element printed on the rear side of the substrate. The impedance
) of the antenna is
GHz
bandwidth (
(114%) with a notched frequency from 5.05 to 5.90 GHz. The
antenna has a fairly good omnidirectional pattern, and the average
gain is
dBi over the UWB frequency band except
for the notched frequency band. The performance of the proposed
antenna is confirmed by simulation and measurement results.
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Index Terms—Band-notch function, laptop application, parasitic element, ultrawideband (UWB) antenna.

I. INTRODUCTION

W

ITH the development of wideband wireless communication systems, ultrawideband (UWB) systems
have been expanding rapidly. The Federal Communications
GHz
Commission allocated the frequency band
for the UWB services in 2002 [1]. These UWB systems have
been used for radar applications, localizations, data communications, etc. The UWB system for data communications is
especially applied to home networking systems as a technology
of wireless personal area networks (WPANs). The home networking system is widely used in multimedia devices such as
HDTVs, DVDs, cameras, and personal computers through the
UWB service channels. The antennas of UWB systems are
embedded into these multimedia devices. Here, the antenna design is challenged with the difficulties of satisfying the antenna
characteristics of wide impedance bandwidth, high gain, omnidirectional radiation pattern, and small and compact size [2].
Planar antennas have been proposed for UWB antenna solutions
[3]–[5]. For UWB systems, the antenna with a band-notch function is also necessary to provide rejection of the interference
from the wireless local area network service (IEEE 802.11a)

Manuscript received March 22, 2009; revised April 08, 2009. First published
April 21, 2009; current version published July 01, 2009.
N. Choi, M.-J. Park, Y.-S. Chung, and B. Lee are with the Department
of Wireless Communications Engineering, Kwangwoon University, Seoul
139-701, Korea (e-mail: bj_lee@kw.ac.kr).
C. Jung is with the Graduate School of NID Fusion Technology, Seoul National University of Technology, Seoul 139-743, Korea.
J. Byun is with Samsung Electronics Co., Ltd., Suwon-Si 433-742, Korea.
F. J. Harackiewicz is with the Department of Electrical and Computer Engineering, Southern Illinois University Carbondale, Carbondale, IL 62901 USA.
T. Kim is with the Division of General Education-Mathematics, Kwangwoon
University, Seoul 139-701, Korea.
Color versions of one or more of the figures in this letter are available online
at http://ieeexplore.ieee.org.
Digital Object Identifier 10.1109/LAWP.2009.2021286

Fig. 1. Geometry of the proposed antenna.

Fig. 2. Simulated current distributions at 5.49 GHz: (a) on the radiating element, (b) on I-shaped band-notch parasitic element.

band,
GHz. The methods to realize a band-notch
function have been studied by using the various shaped slots
[6]–[8], tuning stubs [9], [10], spurlines [11], embedded resonant cells [12], and parasitic elements [13]. Even though these
methods are able to achieve a frequency band-notch function,
their bandwidth of the notched frequency cannot be easily
tuned due to the difficulty in the input impedance match. The
dimensions of these antennas are also somewhat large (length:
mm width:
mm) so that they may not be
implemented into laptop computers since laptop computers
are getting thinner and smaller. Therefore, it is not easy to
find many articles about UWB antennas embedded into laptop
computers. In [14], although the UWB antenna is implemented
into a laptop computer, it has no band-notch function.
In this letter, we propose a planar embedded monopole antenna with a band-notch parasitic element for laptop applications. To achieve a band-notch function, an I-shaped parasitic el-
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Fig. 3. Simulated and measured VSWR of the proposed antenna.

ement is printed on the rear side of the substrate and yields great
stopband rejection. In addition, the I-shaped parasitic element is
easily able to adjust both the center frequency and the bandwidth
of the notched band. The parameters of an I-shaped parasitic element are analyzed in terms of the notch frequency and bandwidth. A compact optimized UWB antenna is then fabricated
and examined both experimentally and numerically. The results
show that a new design method with a band-notch function provides sufficient antenna performances such as, wide impedance
bandwidth, great band rejection, high gain, and omnidirectional
radiation pattern.

II. ANTENNA STRUCTURE AND DESIGN
Fig. 1 shows the geometry of the proposed antenna for
laptop computers. The overall size of the antenna that is
,
fabricated on the FR-4 substrate (dielectric constants
mm) is
mm . The size
thickness
of the ground plane on the 14-in display screen of a laptop
computer is 300 220 mm . The antenna is located 115 mm
away from the edge of the ground plane. The antenna is fed at
the center of the radiating element. Then, the input impedance
mm)
is matched by cutting off both lower sides (
of the radiator and adjusting the distance (1 mm) between the
radiator and the ground plane. The I-shaped parasitic element
is printed on the rear side of the antenna and is electrically
separated from the main radiator and ground plane. The electrical length of an I-shaped parasitic element is approximately
a half-wavelength at the center frequency (5.49 GHz) of IEEE
GHz) band. Fig. 2 shows the current
802.11a (
distributions both on the radiating element and on the I-shaped
parasitic element. It is noticed that the current distribution on
the I-shaped parasitic element is out of phase with that on the
radiating element so that the I-shaped parasitic element rejects
the IEEE 802.11a band. This parasitic element is placed near
to the feed point and electromagnetically coupled to the feed
line so that it does act as a microstrip transmission line at the
notched frequency band.

Fig. 4. Simulated VSWR with varying parameters: (a) l , (b) l , (c) w , (d) h.

III. SIMULATION AND MEASUREMENT
Fig. 3 shows the simulated and measured VSWR of the proGHz,
posed antenna. The notched frequency band is
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increases, the notched bandwidth becomes narrow because the
I-shaped parasitic element is less coupled with the feed line. It
is noticed that the bandwidth of the notch-frequency function
can be easily tuned by adjusting the length of this gap. Fig. 5
shows the measured antenna radiation patterns normalized by
the peak gain at 4 and 7 GHz. In the xy-plane, the proposed antenna has fairly good omnidirectional radiation pattern. The radiation patterns in the yz-plane are similar to each other. Without
taking in account the losses in the display panel, Fig. 6 shows
the measured average gains of the antenna without and with the
band-notch function. The proposed antenna has the average gain
dBi, except that it has much smaller gain at the
of
notched frequency band (5.05–5.90 GHz). The measured efficiency of this antenna ranges from 55% to 72%, except for the
notched band.
IV. CONCLUSION

Fig. 5. Measured radiation patterns (a) at 4 GHz and (b) at 7 GHz. (solid line:
copolarization, dashed line: cross-polarization).

A notch-frequency band for a UWB antenna, which can be
embedded into laptop computers, is obtained by employing an
I-shaped parasitic element. This novel band-notched UWB antenna has the capability to provide easy tuning of the notch-frequency function and bandwidth with good stopband rejection.
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Fig. 6. Measured average gain.
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