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Abstract—In this paper, a printed slot antenna fed by a co-planar
waveguide for ultra wide bandwidth (UWB) with dual notch bands
has been presented and discussed. The band notches are realized by
etching one C-slot resonator inside a plaque shape exciting stub as
well as symmetrically adding a pair of open-circuit stubs at the edge
of the slot resulting in dual stop band filtering properties for WiMAX,
WLAN application. Surface current distributions are used to analyze
the effects of the slot and open circuit stub. The proposed antenna
is fabricated and experimental results show that it has an impedance
bandwidth of 2.6-14.34 GHz for VSWR < 2, except dual frequency
stop-bands of 3.3-3.7, 5.04-6.0 GHz. From the simulation results, it
is observed that the radiation patterns are omnidirectional in the H-
plane and dipole like nature in the F-plane. The gain varies from
3.7dB to 5.7dB over the whole UWB region excluding at notch bands.

1. INTRODUCTION

Ultra wideband (UWB) communication is a promising wireless
communication technology since the allocation of 3.1-10.6 GHz
bandwidth (BW) by the US-Federal Communication Commission in
2002 (FCC) [1]. This type of UWB antenna has been realized by
using either microstrip line or coplanar waveguide (CPW) feeding
structure. The advantages of printed UWB antennas are low profile,
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light weight, wide BW, low cost and good omnidirectional radiation
pattern [2,3]. In particular, CPW fed antennas have many salient
features like less radiation loss, less dispersion, easy integration with
monolithic microwave integrated circuits (MMIC). Therefore, CPW
fed slot antennas are currently under consideration for use of UWB
systems for the numerous applications such as remote sensing, radar,
imaging, localization and medical applications.

In these systems, printed slot (aperture) antennas with different
structures and performances have been developed [3-6]. From the
literature survey, it has been observed that the slot antenna [7—
12] is one of the promising candidates for UWB applications.
CPW fed square slot antennas have been presented for wide band
characteristics [13, 14]. In general, the wideband CPW-fed slot antenna
can be developed by tuning their impedance. One of the impedance
tuning techniques is to vary the slot dimensions. This tuning technique
has been carried out with various slot geometries like bowtie [15], wide
rectangular [16,17], circular [5,7] and hexagonal slots [18]. The CPW
feed line with various possible patch shapes, such as T, cross, fork
like, volcano and square is used to obtain wider bandwidth [19-25].
In addition to this, a notched ground plane can be used to act as
an impedance matching network to control the impedance bandwidth
of the proposed antenna. The notch creates a capacitive load that
neutralizes the inductive nature of the stub antenna to produce nearly-
pure resistive input impedance.

On the other hand, the frequency range for UWB systems
will cause electromagnetic interference with existing narrowband
wireless communication systems, for instance, the wireless local
area network (WLAN: IEEE 802.11a) and wireless microwave access
(WiMAX: IEEE 802.16) operating at 5.15-5.825 GHz and 3.3-3.7 GHz
respectively. Two band stop filters connected to a UWB antenna
can be used to reject these bands. However, this increases the
sizes and complexity of the system. Thus to avoid the potential
interference UWB antennas with band-notched characteristics are
desirable. Generally, the band-notched characteristics are realized by
introduction of an additional resonant structure to the antenna body.
The introduced resonant structure degrades the impedance matching of
the antenna and thus less energy can be transmitted to/received from
free space. Furthermore, the presence of the resonant structure changes
the current distributions on the antenna and may cause cancellation
of the radiation in far-field zone. The normally used techniques to
realize a band-notched performance include etching slots or slits on
the radiator [4], placing parasitic strips in close proximity to the
antenna [3,26]. To design slot antennas with band-notched function,
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one simple and effective way is to incorporate slots (known as half-
wave resonant structures) in the antenna’s tuning stub, such as a U-
shaped [27], V-shaped [3], C-shaped slots [27,28], etc. In this paper a
dual notch band UWB antenna has been proposed by using the above
technique.

2. ANTENNA GEOMETRY AND DESIGN THEORY

2.1. Prototype Antenna Geometry

Figure 1 shows configuration of a prototype antenna which has been
printed on a substrate with dielectric constant (e,) = 4.4, height
(h) = 1.59mm and loss tangent (tand) = 0.002. It consists of a
rectangular aperture, ground plane, CPW feed and exciting plaque
stub. The antenna and feeding structure are implemented on the
same plane. Therefore only one layer of substrate with single-sided
metallization is used. A 50 CPW transmission line is designed with
a strip width of 3.8 mm.

The design of the rectangular aperture is determined by
minimizing the aperture area while satisfying the input impedance
matched for the entire UWB especially for the lower frequencies. In
this paper, aperture area of 23 mm x 14mm is achieved, that is, the
dimension is less than a half wavelength for the lowest frequency
(3.1 GHz). The dimensions of the prototype antenna are LL-39, WW-
35, Ls-23, Ws-15, L-12, W-6, T-3.5. (All dimensions are in mm.)

«— L —» 7.5
1.7
AT 3.25

Figure 1. Geometry of the Figure 2. Geometry of prototype
prototype antenna. antenna with C-slot.
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2.2. Band-notched Antenna Design

In order to obtain a notch band in the frequency range of 3.15-5.88 GHz
a thin C-slot is etched out from the plaque shape stub. Usually, the
length of the slot is made approximately equal to half the guided
wavelength at the notch frequency of the band. This is given by
A c
Liotal. WLAN = 2 = (1)

2 .
2 fnotch - WLAN (a—jl)

where Lot wran is the length of the slot. For the notch frequency
Ffroteh.wran = 5.47 GHz the length of the slot is calculated as 17.4 mm.
The optimum slot width is found to be 0.3 mm by way of simulation.
The antenna layout is shown in Fig. 2 with dimensions.

In addition to this WiMAX stop band is realized by positioning
symmetrically a pair of narrow open circuited L-shape stub on both
sides of the aperture area (Fig. 3). Each stub has length of quarter a
wavelength at desired notch frequency. The center-rejected frequencies
for the stop bands may be empirically approximated by

Liotar-winax = A _ ‘ (2)

2 er+1
4fnotch_WiMAX —( TQ )

where Liota wimax 1S the length of the stub. For center notch
froteh.wirrax = 3.5 GHz, the length of the stub can be determined
as 13.06 mm. The optimum strip width is found to be 1 mm. From
Equations (1) and (2) the total length of the C-shape slot and L-
shape stubs may be obtained at the beginning of the design. Finally
the lengths are adjusted by using simulator for obtaining the desired
results.

Figure 3. Geometry of proposed antenna with C-slot and L-shape
stubs.
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3. PARAMETRIC STUDY AND DISCUSSION

The method of moment (MoM) based simulation software IE3DT™
is employed in this paper for design and optimization process. The
exciting stub is the key factor in the optimization process. Its three
parameters L, W, and T are selected to perform the parametric study.
Fig. 4 shows that the stub length L may affect the impedance in both
low and middle bands. Fig. 5 indicates that the stub width W mainly
influences the impedance at lower frequencies (3—4 GHz). Compared
to the stub width W and length L, the extrusion depth T is relatively
sensitive to the input impedance over the entire frequency span of
UWRB as given in Fig. 6. The notched ground is used for the impedance
matching resulting in wider BW (Fig. 7). The optimum values of
L=12mm, W =5mm, and T' = 3.5 mm.

The C-slot configuration on plaque shape stub has been used
independently to obtain WLAN stop band as shown in Fig. 2. The

6 8 10 12 2 4 6 8 10 12
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Figure 4. Effects of the stub Figure 5. Effects of the stub
length L on the VSWR. width W on the VSWR.
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Figure 6. Effects of the extrusion Figure 7. Simulated VSWR
depth T" on the VSWR. with and without notch in ground
plane.
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Figure 11. VSWR for various
width of L-strip.

simulated VSWR characteristics for these configurations of slot with
varying length and width are shown in Figs. 8 and 9 respectively. The
lengths are important factors to design the band stop structure. As
the total slot length increases, the stop band region moves toward
the lower frequency with higher VSWR peak. Slot width has less
impact over the length of the slot. Due to the slot inside the patch,
maximum current flows back to the feeding part and degenerates
radiation around 5.13 GHz to 6.04 GHz. All the optimized parameters
of the slot configuration are provided in Fig. 2.

To realize the WiMAX stop band in UWB region a pair of L-
shape strip have been used in the aperture area. The VSWR versus
frequency plots for various length and width are illustrated in Figs. 10
and 11 respectively. From the simulation result it has been observed
that the length has sufficient control for shifting the notch frequency.

The simulated return loss characteristics of all the configurations
(Fig. 1, Fig. 2 and Fig. 3) are presented in Fig. 12. Prototype
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Figure 13. Surface current distribution at (a) 3.59 GHz, (b) 4.59 GHz,
(c) 6.2GHz, (d) 8.1 GHz.

results indicate presence of four resonant frequencies in the desired
band.  From the surface current distribution (Fig. 13), it has
been observed that the rectangular aperture produces lower resonant
frequency (3.59 GHz). Plaque shape exciting stub yields second
resonant frequency (4.59 GHz) while notches in the ground plane near
the feed line are responsible for third (6.2 GHz) and fourth (8.1 GHz)

ones.

4. SIMULATION AND MEASURED RESULTS

The prototype antenna is fabricated (Fig. 14(a)) and tested by Agilent
make vector network analyzer (N5230A). The simulated and measured
VSWR plots are given in Fig. 15. The simulation and tested responses
exhibit 7.73 GHz (3.1 ~ 10.80 GHz) and 7.88 GHz (3.14 ~ 10.02 GHz)
impedance BW respectively. The simulated result of a prototype
antenna without notched characteristics is also shown for comparison.
It is clear that the measured result shows a reasonably good agreement
with simulated one. Thus it may be considered as a good UWB
antenna. The dimensional mismatch between simulated and physical
structures and wide flange of the SMA connector used for measurement
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(a)

Figure 14. Fabricated antenna structure of (a) prototype,
(b) prototype with C-slot, (¢) proposed.
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Figure 15. Measured and simulated VSWR of the proposed prototype
antenna.

may cause the difference between the simulated and measured results
in higher frequency band.

The simulated and measured VSWR performances of Fig. 14(b)
are plotted in Fig. 16. These responses yield 0.72GHz (5.15 ~
5.87GHz) and 0.91 GHz (5.13 ~ 6.04GHz) 2 : 1 VSWR impedance
stop band in UWB region, respectively which are very close to each
other.

The simulated and measured VSWR responses of Fig. 14(c)
are shown in Fig. 17. The simulated VSWR characteristic reveals
stop bands of 0.45GHz (3.18-3.63 GHz), 0.98 GHz (5.00-5.98 GHz)
for VSWR < 2 within the frequency span from 3 GHz to 14.34 GHz,
while the measured characteristic shows 0.4 GHz (3.3-3.70 GHz) and
0.96 GHz (5.04—6.0 GHz) stop band which cover the entire WiMAX and
WLAN band. The measured result agrees with simulated result which
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Figure 17. VSWR plot of Fig. 14(c).

has sharp frequency stop band of WiMAX and WLAN band when the
C-slot is inserted on the plaque patch and two stubs (L-shape) are
placed in the slot area. The discrepancy in VSWR between simulated
and measured results should be mostly attributed to the loss tangent
(tan 9) of the FR4 substrate and tolerance in manufacturing.

5. RADIATION PATTERN

The E-plane and H-plane radiation patterns at 3.4, 6, and 8 GHz
have been found by simulation as given in Fig. 18. It is found
that the antenna exhibits nearly omnidirectional radiation pattern in
the H-plane (zz-plane) and a dipole-like radiation pattern in the F-
plane (yz-plane). The co-planner ground plane is the main reason
for omnidirectional pattern in H-plane. The influences of slot and
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open stubs on the radiation patterns have also been investigated. It
is noticed that by adding a slot in the exciting stub and strips in
the aperture area does not significantly alter the radiation pattern
of the antenna. The H-plane pattern is nearly omnidirectional at
lower frequency, but changes occur at higher frequency. This is due
to the tuning stub acting as a radiator itself and its effect becoming
more prominent at high frequency. However the E-plane and H-plane
patterns are more or less stable in entire UWB region. Thus it may
be considered as a good antenna with WiMAX, WLAN notch band
characteristics for UWB applications.

6. ANTENNA GAIN AND EFFICIENCY

In the notch band most of the power fed into the antenna is reflected
back which leads to a decrease of the antenna efficiency and hence
the antenna gain. The simulated gain and radiation efficiency of the
proposed (Fig. 3) antenna are shown in Figs. 19 and 20 respectively
along with prototype antennas (Fig. 1 and Fig. 2). This is a
sharp decrease in gain and efficiency at notch bands. The proposed
antenna provides more than 85% efficiency and the gain varies from
3-5.7dB over the UWB frequency range except in notch bands. These
characteristics can make sure the ability of the proposed antenna to
reject unwanted bands effectively.

7. FIELD DISTRIBUTION AND ANALYSIS

Simulated surface current distributions of the proposed antenna at
different frequencies are shown in Fig. 21.

At a pass band frequency of 4.5 GHz (outside the notch band) the
distribution of surface current is uniform as is evident in Fig. 21(a).
In Figs. 21(b) and (c) the current distribution is concentrated and
oppositely directed on the interior and exterior side of the slot and
strips at the notch frequencies. This causes the antenna to operate
without significant transmission in the notch band. Therefore slot
stops the surface current and as a result notch band is obtained.
At the notch frequency the impedance is nearly infinite impedance
(open circuit) at the antenna feeding point. This infinite impedance at
the feeding point leads to the impedance mismatching near the notch
frequency. Therefore slot and strips behaves as open-circuited series
stub with infinite input impedance. So minimum amount of currents
are coupling between stub and radiating ground plane. Consequently
desired notch bands are created.
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Figure 21. Surface current distributions on the radiating patch at
(a) a pass band frequency of 4.5 GHz, (b) WiMAX notched band at
3.5 GHz, (¢) WLAN notched band at 5.5 GHz.

8. CONCLUSION

A UWB CPW fed planar aperture antenna with dual notched bands
has been proposed and discussed. Parametric studies of the antenna
characteristics are presented. Dual stop bands are realised by etching
one C-slot inside a plaque exciting stub as well as symmetrically adding
a pair of open-circuit stubs at the edge of the slot. Two types of band-
notched structures extended from the prototype design are provided
and verified. The VSWR performance of this antenna has been studied
both by simulation and experiment. E-plane and H-plane patterns are
more or less stable over operating band. The dual stop bands of the
antenna can significantly suppress potential EM interference in the
UWB region. The proposed antenna peak gain varies from 3.7dB to
5.7 dB over the entire operating band except in notch bands. Therefore
the proposed antenna is expected to be a good candidate in various
applications.
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