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Abstract — A dual-notched bands ultra-wideband (UWB)
antenna with coplanar waveguide (CPW) fed is presented
in the paper. The two notched bands are selected at 3.5
and 5.8 GHz frequencies to overcome the interference
from WiMAX and WLAN bands. The overall size of the
antenna is 17.5x17.5 mm?, which can be considered as
one of the smallest UWB antennas in the literature. The
developed antenna has an impedance band width ranging
from 2.9 to 13 GHz. The measured radiation patterns on
E and H planes are nearly omni-directional and stable
with acceptable gain over the entire band. The dual-band
notched at WiMAX and WLAN is created by embedding
I-shaped and C-shaped stubs in the radiation patch of the
antenna. Due to the compactness, good radiation patterns
and the reasonable stable gain, this antenna is well suited
for integration into portable wireless communications
devices for UWB applications.

Index Terms — CPW fed antenna, dual-band-notched
characteristics, Ultra-Wideband (UWB), C-shaped stub.

I. INTRODUCTION

The federal communications commission (FCC)
permitted 3.1 GHz to 10.6 GHz band for unlicensed civil
applications with a good radiation power [1]. Since then,
ultra-wideband (UWB) technology is one of the most
promising wireless technologies owing to its high data
rate, low power consumption, and increased flexibility to
multipath interference. Microstrip feeding with full or
partial ground and CPW-fed antenna are widely used for
designing UWB Antennas of bandwidth ranging from
3.1t0 10.6 GHz. Over this band, there are several narrow
band wireless communication systems, such as WiMAX
(3.3-3.7 GHz) and WLAN (5.15-5.875 GHz), and the
downlink of X-band satellite system (7.25-7.85 GHz),
etc. [2, 3]. So, in order to overcome the interference with
these narrow bands, a new UWB antennas design with
band-notched characteristics were presented to filter out
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the interferences caused by the narrow bands wireless
systems [2-17]. Many of these techniques used various
types of slots in the radiating patch or/and in the ground
to create the notch band at certain frequency bands. Some
of these designs fail to achieve the desired notched bands
and some designs have complex structures to generate
notched band at certain bands. In [2], a comprehensive
review for achieving band notch characteristics in UWB
using different techniques such as etching slots, parasitic
element, metamaterials and electromagnetic band gap
(EBG) are discussed. In [3 — 6], a single band notched is
created by etching certain shapes in the radiating patch
or in the ground.

In [7 — 14], dual-band notched UWB antennas were
presented where E-shaped, L-shaped, C-shaped or
inverted C-shaped, split rings are employed to create
notches in in the WiMAX and WLAN bands. In these
examples the structures are more complicated and with
bigger size. In [9], the overall size is 29 X 20.5 mm?, but
the structure is more complicated than our structure and
controlling the notched bands needs more than one factor
and it might require a major change in the antenna
structure. The antenna proposed in [10] covers the
WLAN 2.4/5.8 GHz and the WiMAX band at 3.5 GHz,
but the size is 38 X 20 mm?2. In [11], an octagonal-shaped
UWB with Minkowski fractal notch and dual C-shaped
notch at the either side of the feed line for rejection of
the WLAN band is presented and the size of this antenna
is 26 X 16.5 mm2. In [12-14], triangular patch and
double rectangular ring-shaped were suggested, but the
dimensions are still big and the structures are more
complex.

In [15 - 17], triple notch band characteristics are
achieved by adding two modified S-shaped cells on
either side of Microstrip line as in [15], or etching open-
ended L-shaped slot in the ground plane for notching the
downlink of the X-band [7.25-7.85 GHz] as in [16], or
by adding two separated quarter-wavelength strips in the
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patch and etching a half wavelength hook-shaped slot on
the ground as in [17].

In this paper, a very compact, simple and low cost
CPW-fed UWB antenna design is presented and analyzed.
The characteristic of this antenna is investigated
numerically and experimentally. A dual-band notched at
WIMAX and WLAN is created by embedding I-shaped
and C-shaped stubs in the radiation patch of the antenna.
The center frequency and the band of the WLAN is
controlled by the length and width of the I-shaped stub,
while the center frequency and the band of the WiMAX
is controlled and adjusted by the minor and the major
radii of the elliptic C-shaped stub. The overall size of this
antenna is 17.5 x 17.5 x 1.5 mm?®, which is very compact
to be integrated in hand-held high-speed wireless devices.

I1. ANTENNA STRUCTURE

The schematic view of the proposed antenna is
shown in Fig. 1. The design and optimization of the
proposed antenna dimensions are carried out using
ANSOFT HFSS electromagnetic simulator [18]. An FR4
substrate with a relative permittivity of 4.4 having a
substrate thickness of 1.5 mm and a loss tangent of 0.02
is used for the antenna design. A coplanar waveguide
CPW-fed of a trapezoidal shape of width, Fy and P.3
with a gap distance of g; and g, are used to feed the
antenna in order to achieve a 50 Q input impedance
matching. The antenna consists of trapezoid ground
planes symmetrically around the CPW feed line. The
bottom plane dimensions are taken with a width of Gw,
a lower length of G.. mm and an upper length of Gy, as
shown in Fig. 1. The dimensions of the two trapezoids
are C1 and C2 respectively, and the lengths of the bottom
and top parallel sides are P4, P2 and Pys.

The elliptic slot of major and minor radii of A and B
is etched from the radiating area to insert the C-shaped
and the I-shaped resonators which are using for
controlling the band notched characteristics for the
WIMAX and WLAN, respectively.

I11. DESIGN PROCEDURE

Three antennas are presented in Fig. 2 to analyze
the evolution process of the final designed antenna. As
in traditional antenna design procedures, design starts
by initial theoretical calculation to estimate dimensions
of Antenna 1 as illustrated in Fig. 2. The first antenna
has two trapezoid shapes fed by a 50-Q CPW-line
surrounded by symmetrical ground planes in both sides
with optimized dimensions as given in Table 1. The
current distribution of Antenna 1 at 3.5 GHz is shown in
Fig. 3, where it can be seen that the current distribution
is minimum at the middle portion of the patch at this
particular frequency. Hence, this portion is removed and
an elliptic slot is etched at the middle portion as shown
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in Antenna 2 and this elliptical slot is responsible in
achieving the wideband with notch characteristics as
explained below. In the next step, an I-shaped monopole
resonator is incorporated with length L, as shown in Fig.
2 to achieve band-notched characteristic at WLAN.
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Fig. 1. Geometry of proposed antenna.

Another notch band rejecting WiMAX band is
realized by embedding a C-shaped stub at the center of
the ellipse resulting the final antenna structure as indicated
in Fig. 2, Antenna 3.

Yy

Antenna 2

Antenna 1 Antenna 3

Fig. 2. Evolution of the Proposed Antenna.

The numerical reflection coefficients of the three
designed antennas without, with one-notch at 5.8 GHz
and with 2 notches at 3.5 GHz and 5.8 GHz are shown in
Fig. 4.
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Fig. 3. Current distribution of Antenna 1 at 3.5 GHz.
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Fig. 4. Simulated reflection coefficient of Antenna 1,
Antenna 2 and Antenna 3.

V. DUAL-BAND NOTCH DESIGN
PARAMETERS

Antenna 1 covers the entire UWB band. For obtaining
band-notch for WLAN frequency (5.8 GHz), amonopole
I-shaped quarter-wavelength stub, L, is inserted on
radiating part as shown in Antenna 2. The length of I-
shaped slot is given approximately by Eq. (1), [3, 6]:

[

L= deore @)
where L, is the length of the I-shaped stub for WLAN
band, c represents light speed, &:is dielectric permittivity
constant 4.4 and fsg represents center frequency of
WLAN band (5.8 GHz). After exhaustive simulation
studies, it is found that the practical length of L, is 7.55
mm compared with 7.87 mm obtained by Eq. (1). The
value of L, is critical in determining the center frequency
of rejected band of WLAN. By inserting C-shaped stub,
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we can generate the second notched band at 3.5 GHz to
reject WiMAX band. The length of C-shaped stub acting
as a half-wavelength resonator [6, 10] as given by Eq.
-

Cc
Le= 2f35y/(er+1)/2' @)

where Lc represents C-shaped stub length, and fss is
center frequency of WiMAX band (3.5 GHz). Lc is
approximately equal to the perimeter of the ellipse of
major radius a = (a;+t) mm and minor radius, b = (b1 +t)
mm. The approximate perimeter equation is given by Eq.

(3), [6]:
P~21 /% 3)

Equation (3) gives P ~ 24.98 mm while the optimized
Lc = 26.06 mm is obtained using Equation (2). By
introducing the strip with length of Lc, the desired dual-
band notched characteristics with UWB operating band
is obtained. Hence, the etched gap (gs) in the C-shaped
stub is to adjust and control the middle frequency of
lower notch band of the WiMAX, a compromise result
of gz = 1.0 mm is obtained.

The surface current distributions of the final antenna
structure at both the notch frequencies are shown in
Fig. 5. From Fig. 5 (a), it is clear that surface current
distribution on the C-shaped of the patch at WiMAX
frequency is maximum. Similarly, the current distribution
presented on I-shaped stub at WLAN frequency is
maximum as shown in Fig. 5 (b).

V. PARAMETRIC STUDY
Parametric analyses of the antenna is carried out to
compute the optimal parameters of the desired antenna
using Ansoft HFSS electromagnetic simulator [18]. The
final optimized parameters are listed in Table 1.
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Fig. 5. Current distribution of Antenna 3 at: (a) 3.5 GHz
and (b) 5.8 GHz.

Table 1: Optimized parameters of proposed antenna

Parameters Unit (mm)
SL 17.5
Sw 17.5
P 17.0
P2 13.0
Pis 3.0
Gi 12.0
Gw 3.5
Gu 5.85
GuL 3.47
01 0.15
92 1.23
03 1.0
Fuw 1.5
ai 3.9
b1 3.0

t 0.5
C1 6.0
C2 5.0

A 5.46

B 4.2

The parametric study of all the parameters is
conducted and in the figures below we present some
of these studies. Figures 6 and 7 show the reflection
coefficients as a function of the ground width and length,
Gw and G. In Fig. 6, it is observed that as the parameter
Gw increases, the center frequency of the WiMAX band
increases while the center frequency of the WLAN notch
frequency is slightly changed. However, increasing the
length, G, of ground will slightly shift the WLAN and
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WiMAX notched bands as shown in Fig. 7. Figure 8
illustrates the effect of the minor radius of the inner
ellipse of C-shaped, b; which mainly controls the center
frequency of WiMAX band. The other parameters are
studied and the final results are listed in Table 1.
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VI. RESULTS AND DISCUSSION

To evaluate the performance of the optimized
antenna, the proposed antenna is fabricated and tested.
The photograph of the final version of the fabricated
antenna is shown in Fig. 9. Vector Network Analyzer
(VNA) N5225A is used to carry out the measurements
of the reflection coefficient, gain and radiation patterns
of the designed antenna. Figure 10 gives the simulated and
measured results of the reflection coefficients. As shown
from the figure, a good agreement between the measured
and simulated reflection coefficients is observed. The
slight variation between the results is due to the
fabrication tolerances and the SMA connector soldering
to the feeder, which is included in the measurements but
not taken into account in the simulated results. As seen,
the developed antennas rejects both the WiMAX and
WLAN bands, while covering the entire UWB band.

Fig. 9. Fabricated antenna.
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Fig. 10. Comparison of simulated and measured results.
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At different frequencies like 4.5 GHz, 7.0 GHz, and
10.0 GHz the measured radiation patterns in the E and
H planes are displayed in Fig. 11. From this figure, it
is observed that the radiation patterns in the H-plane
(x-z plane) are nearly omni-directional for the three
frequencies. In the E-plane (y-z plane), they are
approximately omnidirectional at 7 GHz and
bidirectional at the other two frequencies. Hence, the
developed compact antenna has a good radiation patterns
over the operating bands. The measured gain of the
antenna is given in Fig. 12. It is clearly seen that the
proposed antenna exhibits a moderate gain response with
gain variation between 2.4 dBi and 5.2 dBi throughout
the desired UWB frequency band and except at the
notched bands, a sharp reduction of the gain to -1.1 and
-2.3 dBi, respectively is observed at WiMAX and
WLAN notched bands which shows that the antenna
performed well in these bands.
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Fig. 11. Measured E-plane (red) and H-plane (green) of
the proposed antenna at: (a) 4.5 GHz, (b) 7.0 GHz, and
(c) 10 GHz.
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Fig. 12. Measured gain of the proposed antenna.

VII. CONCLUSION

In the proposed work, a very compact with a size of
17.5 mm x 17.5 mm UWB antenna with dual band-notch
characteristics is designed and studied. The dual-notch
characteristics are obtained by simply inserting C-shaped
and I-shaped stubs on the antenna to attain dual-notch
properties for rejecting the interference of signals at
WiMAX and WLAN applications with a wide bandwidth
from 2.9 to 13 GHz. The desired notch frequencies can
be adjusted and tuned by properly choosing the I-shaped
length, L,, for the WLAN and the major and minor radii
of the elliptic C-shaped for the WiMAX. Also, good
radiation patterns and stable gain are achieved in the
entire operating band. The operation of the antenna with
dual-notch band is justified using reflection coefficient
and gain values over the UWB except at the two
notched bands. The compact size and the good radiation
performance of this presented antenna make it appropriate
for UWB system applications.
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