
IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 55, NO. 12, DECEMBER 2007 3391

Design of a Planar Ultrawideband Antenna With a
New Band-Notch Structure

Chong-Yu Hong, Ching-Wei Ling, I-Young Tarn, and Shyh-Jong Chung, Senior Member, IEEE

Abstract—A novel planar ultrawideband (UWB) antenna with
band-notched function. The antenna consists of a radiation patch
that has an arc-shaped edge and a partially modified ground plane.
The antenna that makes it different from the traditional monopole
antenna is the modification in the shape of ground plane, including
two bevel slots on the upper edge and two semicircle slots on the
bottom edge of the ground plane. These slots improve the input
impedance bandwidth and the high frequency radiation perfor-
mance. With this design, the return loss is lower than 10 dB in
3.1–10.6 GHz frequency range and the radiation pattern is highly
similar to the monopole antenna. By embedding a pair of T-shaped
stubs inside an elliptical slot cut in the radiation patch, a notch
around 5.5 GHz WLAN band is obtained. The average gain is lower
than 18 dBi in the stopband, while the patterns and the gains at
frequencies other than in the stopband are similar to that of the
antenna without the band-notched function.

Index Terms—Band-notched antennas, planar antennas, ultra
wideband (UWB).

I. INTRODUCTION

THE FEDERAL Communication Commission (FCC)’s al-
location of the frequency band 3.1–10.6 GHz [1] for com-

mercial use has a sparked attention on ultrawideband (UWB) an-
tenna technology in the industry and academia. The UWB sys-
tems can be divided into two categories: direct sequence UWB
(DS-UWB) and multiband orthogonal frequency division mul-
tiplexing (MB-OFDM). The DS-UWB proposal foresees two
different carrier frequencies at 4.104 (low band) and 8.208 GHz
(high band). By the MB-OFDM format in 802.15.3a, the interval
between 3.1 and 10.6 GHz is divided into 13 sub-intervals. Each
sub-interval corresponds to one band of the MB-OFDM, with
the bandwidth of 528 MHz [2], [3].

The UWB antennas proposed in the open literature mainly
focus on the slot and monopole antenna. Printed wide slot an-
tennas have an attractive property of providing a wide operating
bandwidth, especially for those having a modified tuning stub,
such as the fork-like stub [4]–[7], the rectangular stub [8], [9],
and the circular stub [10] inside the wide slot. Broadband planar
monopole antennas have received considerable attention owing
to their attractive merits, such as ultrawide frequency band, good
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radiation properties, simple structure and the ease of fabrication.
The typical shapes of these antennas are half-disc [11], circle,
ellipse [12], [13], and rectangle [14].

Despite the approval of the FCC for UWB to operate over
3.1 to 10.6 GHz, it may be necessary to notch-out portions of
the band in order to avoid interference with the existing wire-
less networking technologies such as IEEE 802.11a in the U.S.
(5.15–5.35 GHz, 5.725–5.825 GHz) and HIPERLAN/2 in Eu-
rope (5.15–5.35 GHz, 5.47–5.725 GHz). This is due to the fact
that UWB transmitters should not cause any electromagnetic in-
terference to nearby communication system such as the wire-
less local area network (WLAN) applications. Therefore, UWB
antennas with notched characteristics in the WLAN frequency
band are required. There are various methods to achieve the
band-notched function. The conventional methods are cutting
a slot (i.e., U-shaped, arc-shaped, and a pie-shaped slot) on the
patch [15]–[19], inserting a slit on the patch [20]–[22], or em-
bedding a quarter-wavelength tuning stub within a large slot on
the patch [23]. Another way is putting parasitic elements near
the printed monopole as filters to reject the limited band [24] or
introducing a parasitic open-circuit element, rather than modi-
fying the structure of the antenna’s tuning stub [25].

In this paper, a microstrip-fed planar UWB antenna is pro-
posed. The arc-shaped edge radiation patch and the two bevels
on the upper edge of the ground plane cause a wide bandwidth
from 3 to 10 GHz for UWB application. Additionally, two semi-
circle slots cut on the bottom edge of the ground plane fur-
ther improve the high frequency performances, including the
impedance matching and radiation characteristics. The notched
band, covering the 5-GHz WiFi band, is achieved by an equiv-
alent parallel LC circuit formed by two T-shaped stubs inside
an ellipse slot cut in the radiation patch. This approach provides
more degrees of freedom in design, and is capable of producing
a steeper rise in VSWR curve at the notch frequency. The an-
tenna has a compact size of 24 mm 35 mm 0.8 mm. The
measured 10-dB return loss shows that the proposed antenna
achieves a bandwidth ranging from 2.95 to over 11 GHz with
a notched band of 5–6 GHz. The proposed antenna presents
omnidirectional patterns across the whole operating band in the
H-plane.

Section II presents the geometry of the proposed UWB an-
tenna. The effects on the impedance bandwidth are then ana-
lyzed, including full band and band-notched function designs.
After that, the measured return losses and radiation patterns are
presented in Section IV. Section V gives the conclusions.

II. ANTENNA CONFIGURATION

Fig. 1 shows the geometry of the proposed antenna. It con-
sists of a radiation patch with an arc-shaped edge and a partially
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Fig. 1. Geometry of the proposed antenna. W �L = 24 mm� 35 mm, L =

13 mm, g = 0:6 mm, L = 9:7;W � L = 7 mm� 3:7 mm, W = 3:6

mm, W = 3 mm, r = 3 mm.

modified ground plane with two bevels to achieve a broad band-
width. The arc-shaped edge of the radiation patch is a half-el-
lipse with the major axis of 8 mm and the axial ratio of 1.5. The
lengths and width of the straight-edges of the radiation patch are

and , respectively. The bevels with dimensions of
are placed on the upper side of the ground plane. Additionally,
the antenna performance in the high frequency band can be fur-
ther improved by cutting two semicircle slots on the bottom side
of the ground plane. The two semicircle slots have the same radii
of and are placed away from the side edge of the ground
plane. The gap between radiation patch and ground plane is de-
noted as . A 50 microstrip line of 1.5 mm width is connected
to the radiation patch as the feed line. Moreover, an elliptical
slot cut in the radiation patch with a pair of T-shaped stubs em-
bedded inside produces a notched band in the vicinity of 5.5
GHz and thus prevents the interference with the WLAN system.
The antenna is printed on both the top (the radiation patch and
microstrip line) and back-side (the ground plane) of a FR4 sub-
strate with thickness of 0.8 mm, relative permittivity of 4.4, and
loss tangent of 0.02. The total antenna size is 24 mm 35 mm.

III. ANTENNA DESIGN

In this section, the antenna covering the full UWB band
(3.1–10.6 GHz) is first described. Then, the new band-notched
structure, which is equivalent to a parallel LC circuit, is inves-
tigated. The effects with respect to the geometric parameters of
the proposed antenna on impedance bandwidth and radiation
pattern are discussed. The proposed antenna structure is sim-
ulated using the Ansoft High Frequency Structure Simulator
(HFSS) [26], which is a commercial 3-D full-wave electromag-
netic simulation software.

A. Full Band UWB Antenna Design

At low frequencies, the current is mainly distributed over the
radiation patch and the ground plane, which is similar to the

Fig. 2. Simulated return losses for the proposed antenna with various patch
length L . W = L = W = W = r = 0 mm. Other geometric parameters
are the same as given in Fig. 1.

Fig. 3. Simulated return losses for the proposed antenna with various ground
plane length L . Other geometric parameters are the same as given in Fig. 2.

current of a printed finite-ground monopole antenna. Thus, in-
creasing the patch length is equal to increasing equivalent
current length and decreasing the resonant frequency. Fig. 2
shows the simulated return losses for varied from 7 to 13
mm. It can be seen that the edge of low frequency decrease as

increase. When varies from 7 to 13 mm, the low fre-
quency edge moves from 3.25 to 2.75 GHz.

The ground plane of the proposed antenna is also a part of the
antenna. The current distribution on the ground plane affects the
characteristics of the antenna. The monopole antenna as well
as the ground plane forms an equivalent dipole antenna. Fig. 3
shows the effects of varying the ground plane length (
7.4, 9.4, 11.4, and 13.4 mm) on the simulated return losses, with

13 mm. In Fig. 3, the edge of low frequency decreases as
increases, the behavior is similar to changing . When

varies from 7.4 to 13.4 mm, the edge of low frequency moves
from 3.5 to 2.75 GHz.

The gap between the radiation patch and the ground plane has
an important effect on the impedance matching of the proposed
antenna, as shown in Fig. 4. When the gap is increasing from
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Fig. 4. Simulated return losses for the proposed antenna with various gap g.
Other geometric parameters are the same as given in Fig. 2.

Fig. 5. Simulated return losses for the proposed antenna of various bevel length
L with a fixed value ofW = 7 mm. Other geometric parameters are the same
as given in Fig. 2.

0 to 0.6 mm, the impedance matching at low frequencies can be
greatly improved, at the expense of little deterioration in high
frequency matching.

By comparing Figs. 1 to 3, it is found that , and
are principally relevant to the low frequency characteristics, but
not the high frequency performance. The reason is that in the
low frequency band, the proposed antenna acts like as a printed
monopole (or dipole) antenna, while in the high frequency band,
the antenna behavior is like a slot antenna. Hence, properly
designing the shape of the two bevels between the patch and
ground plane will enhance the slot mode radiation and improve
the impedance matching in high frequency band. Figs. 5 and 6
show the simulated return losses for various bevel sizes of the
ground plane. It is clearly seen that changing or is an
efficient way to improving the input impedance matching, es-
pecially at the high frequency. For the case of the bevel size

0 mm, which means no bevel on the ground plane,
the bandwidth is not sufficient. Properly choose and , a
widest bandwidth can be obtained. From the simulated results
in Figs. 5 and 6, it occurs when 7 mm and 3.7 mm.

Fig. 6. Simulated return losses for the proposed antenna of various bevel width
W with a fixed value of L = 3.7 mm. Other geometric parameters are the
same as given in Fig. 2.

Fig. 7. Simulated return losses for the proposed antenna of various slot radii r
with a fixed value of W = 3 mm. Other geometric parameters are the same as
given in Fig. 1.

Additionally, two semicircle slots cut in the bottom side of
the ground plane may further improve the antenna performance.
The effects of different radii and positions of the semicircle
slots were investigated. The simulated return losses for various
sizes and positions of the semicircle slot are shown in Figs. 7
and 8. It can be seen in Fig. 7 that the return loss curves have
similar shapes for the three different slot radii ( 2.0, 2.5, and
3.0 mm) at low frequencies, but the high frequency impedance
matching changes significantly with the variation of . In Fig. 8,
when becomes larger (i.e., becoming farther from the side
edge of the ground plane), the high frequency matching is
slightly improved.

The radiation pattern in low frequency band is omnidirec-
tional, but it usually deteriorates in the high frequency region.
It is because that at the high frequencies, the magnetic cur-
rents mainly distributed over the slots between the radiation
patch and the ground plane. The waves travel through the slots
cause directional radiation patterns in the horizontal plane (i.e.,
the xz-plane). By introducing these two semicircle slots, the
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Fig. 8. Simulated return losses for the proposed antenna of various distance
W with a fixed value of r = 3 mm. Other geometric parameters are the same
as given in Fig. 1.

Fig. 9. Simulated 3-D radiation patterns with and without semicircle slots in
the ground plane of the proposed antenna at 9 GHz.

transverse currents on the ground plane near the bottom side
diminish. Thus the waves radiated from the slot propagate in
a more omnidirectional way. Also, since the currents on the
ground plane at high frequencies are rectified with the inser-
tion of the two semicircle slots, more power is fed into the slots
between the patch and the ground plane. As the results, the re-
turn-loss bandwidth of the antenna is broadened, and the gains
in high frequency band become larger. Fig. 9 shows the compar-
ison of the simulated 3-D radiation patterns with and without the
semicircle slots at 9 GHz. In Fig. 9, the radiation pattern with
semicircle slots is more omnidirectional than that without slots
in the horizontal plane (i.e., the xz-plane).

B. UWB Antenna With Band-Notched Function Design

The frequency range for UWB systems approved by the FCC
is between 3.1 to 10.6 GHz. It might cause interference to the ex-
isting wireless communication systems, for example the WLAN
operating in 5.15–5.85 GHz. Therefore, the UWB antenna with
a band-notched characteristic is required.

To obtain the band-notched function, the concept of the par-
allel LC circuit is applied. At resonant frequency, the parallel
LC circuit will cause high input impedance that leads to the
desired high attenuation and impedance mismatching near the
notch frequency. In this paper, a pair of T-shaped stubs is em-
bedded inside an elliptical slot cut in the radiation patch to form

Fig. 10. Simulated return losses for the proposed antenna of various axial ratio
(AR), the minor axis is 2.3 mm with a fixed value of W = 3.6 mm. Other
geometric parameters are the same as given in Fig. 1.

the parallel LC circuit. The elliptical slot and the T-shaped stubs
are equivalent to an inductor and a capacitor, respectively. By
adjusting the inductor and capacitor values, the suitable notch
frequency and bandwidth can be achieved.

Fig. 10 shows the simulated return losses for various axial
ratios (AR) of the elliptical slot with the minor axis fixed at 2.3
mm. It is seen that, increasing the axial ratio, which is similar
to increasing the inductor value of the parallel LC circuit, has
the effects of adjusting the center notch frequency as well as
increasing the notch bandwidth. When AR varies from 1.8 to 2.2
mm, the center notch frequency varies from 6 to 5 GHz. On the
other hand, as increases, the rejection-band region moves
toward lower frequency with a narrower notch bandwidth. It is
similar to increasing the capacitor value of a parallel LC circuit.
The simulated return losses for various are shown in Fig. 11.
When varies from 2.6 to 5.6 mm, the center notch frequency
varies from 6.5 to 4.75 GHz. Thus, the notch frequency can be
adjusted by selecting the suitable and AR.

In the case of 3.6 mm and 2.2, the resistance and
reactance of the proposed antenna at 5.5 GHz are 112 and 146

, respectively. This high input impedance causes impedance
mismatching at the notch frequency, and the band-notched func-
tion covering the WLAN frequencies is obtained. Based on the
analysis described above, the optimized design value of each
physical dimension of the proposed antenna is determined and
as shown in Fig. 1. The simulated current distribution at 5.5 GHz
is shown in Fig. 12. It reveals that the currents mainly concen-
trate over the area of the two T-shaped stubs inside the elliptical
slot cut in the radiation patch.

IV. EXPERIMENT RESULTS

The measured return losses of the proposed antenna with
and without the band-notched function are also shown in
Fig. 11. Without band-notched function, the antenna bandwidth
(2:1 VSWR, or about 9.5 dB return loss) covers the range of
3.1–10.6 GHz assigned for the UWB application. Whereas
with the band-notched function, the bandwidth is from 2.95
GHz to more than 11 GHz, and the antenna has a rejection
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Fig. 11. Simulated and measured return losses of the proposed antenna for var-
ious T-shaped stub widthW with a fixed value of AR = 2. Other geometric
parameters are the same as given in Fig. 1.

Fig. 12. Simulated current distribution of the proposed antenna at 5.5 GHz.

frequency band of 5 to 6 GHz, where the wireless LAN service
is allocated, when inserting the equivalent parallel LC circuit
into the radiation patch. An immediate sharp increase in VSWR
is observed at the notch frequency.

Fig. 13 (a) to (d) shows the measured radiation patterns at 3,
5.5, 6, and 9 GHz, respectively. It can be seen that the patterns
of the proposed antenna at frequencies out of the notched band
present omnidirectional and stable radiation characteristics in
the xz-plane (H-plane) over the operating frequency range,
which are similar to that of the typical monopole antenna. The
patterns measured at 5.5 GHz demonstrates that the antenna has
much lower gains in the notched band than at other frequencies
(3, 6, and 9 GHz), as shown in Fig. 13(b).

Fig. 13. Measured radiation patterns at (a) 3 GHz, (b) 5.5 GHz, (c) 6 GHz, and
(d) 9 GHz. (solid line: E dashed line: E ).

The measured antenna gains from 3 to 10 GHz of the realized
antenna are shown in Fig. 14. The figure indicates that, the pro-
posed antenna has good gain flatness except for in the notched
band. The measured antenna gain variations are less than 4 dB
throughout the desired UWB frequency band, and a sharp gain
drop of about 10 dB occurs at 5.5 GHz.
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Fig. 14. Gains and radiation efficiency of the proposed antenna with band-
notched function.

The reduction in gain at the notch frequency is significantly
greater than the reduction of power fed into the antenna caused
by the return loss. This phenomenon can be investigated by ex-
amining the radiation efficiency. In Fig. 14, the simulated ra-
diation efficiency, which excludes the impedance mismatching
effect, at 5.5 GHz is only about 21%. It is because that most
currents are trapped in a small region of the equivalent parallel
LC circuit at this frequency, as shown in Fig. 12, the resultant
radiation fields cancel out, and thus the antenna does not radiate
efficiently.

V. CONCLUSION

A compact microstrip-fed planar UWB antenna with the
band-notched characteristic at around 5.5 GHz has been pro-
posed and implemented. The total antenna size is 24 mm 35
mm 0.8 mm. Several design parameters have been investi-
gated for the optimal design. By using two bevels on the upper
side of the ground plane, the impedance matching in high fre-
quency band can be improved. Moreover, adding two semicircle
slots in the bottom side of the ground plane improve not only
the input matching, but also the radiation characteristics at high
frequencies. A pair of T-shaped stubs inside an elliptical slot,
which is an equivalent parallel LC circuit, is realized to obtain
the band-notched function. The center notch frequency and
desired notch bandwidth are achieved by the properly designed
equivalent capacitor and inductor values (i.e., and AR of
the elliptical slot). It is seen from the measured results that the
proposed antenna has omnidirectional radiation patterns and a
rather flat gain variation over the full UWB band expect for in
the notched band. Therefore, the proposed antenna is suitable
for the UWB communication applications and at the same time
prevents interference with the WLAN systems.
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