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Abstract. A compact ultra-wideband (UWB) printed slot
antenna  with additional bands of 870-960 MHz,
1.67-1.84 GHz, 2.33-2.57 GHz for GSM-900, GSM-1800
and Bluetooth respectively along with WiMAX band rejec-
tion functionality at 3.27-4.02 GHz is presented for various
wireless applications. A simple circular patch fed by
a trapezoidal-shaped microstrip line is conceived to cover
entire UWB (3—10.5 GHz). Three additional bands have
been accommodated by incorporating two pairs of spider
arm-shaped resonators at the top of the slotted ground.
Coupling between the extended feed line and extended back
resonator is used to acquire a stop band characteristic for
the reduction of possible interference between WiMAX and
UWB bands. Moreover, an arc-shaped resonator and
a cross-shaped slot on the feed line are conceived to
enhance the bandwidth of the UWB. The proposed design is
simple in structure and compact with an overall dimension
of 50 x 50 x 1.6 mm’, hence length is only 0.046). with re-
spect to the lower edge frequency (3 GHz) of the UWB. The
simulated and measured results are in good agreement that
ensures the potentiality of the proposed antenna structure
for UWB and multiservice wireless applications.

Keywords

UWB, printed antenna, extra bands, band rejection,
GSM-900, WIMAX

1. Introduction

In recent years a considerable amount of interest is
focused in ultra-wideband (UWB) technologies as the Fed-
eral Communications Commission (FCC) [1] allocates the
ultra-wide unlicensed 3.1-10.6 GHz band for UWB appli-
cations. The increasing demands for wireless connectivity
necessitate a single antenna to cover several useful fre-
quency bands. Demand of multiservice microstrip antenna
for portable wireless devices is forced to integrate other
useful bands GSM-900 (935-960 MHz), GSM-1800
(1810-1880 MHz), and Bluetooth (2400-2500 MHz) with
the UWB. Another demand for the UWB antenna design is
to avoid the possible interference with the coexisting fre-
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quency bands WiMAX (3.3-3.6 GHz), and WLAN
(5.15-5.35 GHz, 5.725-5.825 GHz). Thus, a compact
UWB antenna with extra operating bands and multiband
rejection characteristics is essential to fulfilling the de-
mands of modern compact wireless devices.

Simple and compact basic UWB antennas using cir-
cular disc monopole [2], circular printed monopole with
steps [3], printed slot planar inverted cone [4], and slot
loaded rectangular patch [5], have been reported. To avoid
the possible interference between the UWB and other co-
existing frequency bands, different UWB antennas [6—11]
with only band-notch characteristics are also explored to
understand the effectiveness of the established methods.
Printed monopole antenna [6] for UWB applications with
dual band-notched has been achieved using a T-shaped slot
and an inverted T-shaped parasitic structure inside the slot
of the radiating patch. Variable dual band-notched has been
realized by embedding two inverted U-shaped slots in the
corner modified patch [7]. U-slot on the radiator along with
inverted patch shaped downscaled parasitic load at the
opposite end of feed line is used to achieve dual band-
notched UWB antenna [8]. Tri-band notched characteristics
are achieved by introducing electrically small, capacitive-
loaded loop (CLL) resonator [9], and co-directional rectan-
gular split ring-shaped slots [10]. Metamaterial inclusions
have been also proposed for filtering purpose in a UWB
antenna [11]. Till date, very few works have been reported
on the integration of the useful wireless bands with the
UWB band along with band-notched characteristic. An L-
shaped strip is connected to the monopole radiator [12] to
accommodate an extra Bluetooth band. A modified mean-
dered shaped stub to create an extra Bluetooth band and
a quadratic fractal slot on the radiator to achieve a single
band notched, results in a complicated fractal shaped UWB
antenna [13]. Further, a triangular shaped patch, an L-
shaped ground plane and a tapered microstrip feed line [14]
have been conceived to accommodate extra Bluetooth band
along with a single band notched. In [15], a quarter-wave-
length stub is attached to the ground plane to create
an extra Bluetooth band and also two similar stubs are used
to create dual notch bands. A Fibonacci type GSM-UWB
band antenna [16] with triple band-notched characteristics
and integrated GSM band functionality has been proposed
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Fig. 1.

by Srivastava et al. An approximate trapezoidal spiral for
Bluetooth application and rectangular resonant spiral
structures for rejection of quadruple frequency bands are
conceived with a semi elliptical planar monopole [17]. In
all the previous cases the number of the extra band is only
one and number of notch-band ranges from zero to four. In
[18], three bands Bluetooth, GSM, and GPS have been
added along with the UWB by using inverted U-shaped
strips at the upper part of the slotted ground. However, this
design was unable to provide any band-notch characteristic.
Therefore, the design of a UWB antenna with extra
operating bands and multiband rejection characteristics is
still a challenging task for the antenna designer.

In this paper, a compact UWB printed slot antenna
with three additional bands and a notch band is presented.
This antenna is designed to achieve a —10 dB impedance
bandwidth ranging from 0.9 to 10.3 GHz, convenient for
multiple wireless applications. The proposed design is
operated on the GSM-900, GSM-1800, Bluetooth and
UWB bands with a band-notch characteristic covering the
WIiMAX band. All the simulations are carried out using
FEM-based Ansys HFSS EM simulator. Antenna design
concepts and the structure are described in Sec. 2. The
simulated results are validated in Sec. 3 and finally, con-
cluding remarks are presented in Sec. 4.

2. Antenna Design and Configuration

The basic antenna configuration is shown in Fig. 1. It
consists of a circular radiating patch, a trapezoidal shaped
microstrip feed line, and a slotted ground plane. The an-
tenna is printed on a 50 mm x 50 mm FR4 substrate of
thickness h = 1.6 mm, permittivity &= 4.4 and loss tangent
of 0.02. The antenna is fed by a trapezoidal shaped micro-

(b)

Proposed antenna structures: (a) top view, and (b) bottom view.

strip line of 5 mm width near the feeding point and 2 mm at
the top and a length of 40 mm for better impedance
matching [19]. The feed line is running through the patch
of radius 12 mm centered at (22, 20, 1.6).

The basic ground plane is modified by introducing
a big slot considering the two side walls of width 3 mm,
top wall of width 5 mm, and a protruding triangle of height
8 mm and base of 39.3 mm is also made adjacent to the
lower wall to support multiple frequencies. Moreover, two
pairs of spider arm-shaped resonators [18] in the top of the
slotted ground are also introduced to achieve extra bands.
Further, an arc-shaped resonator of width 3 mm and
a cross-shaped slot on the feed line are used to enhance the
bandwidth of the UWB. This resonator starts from (16, 6,
1.6) and ends at (20, 20, 1.6) with an angle of 26.5°.

For better impedance matching and to optimize the
various dimensions of the proposed antenna a large number
of simulations have been carried out. The optimal dimen-
sions of the proposed antenna parameters are as follows:
{W1=50mm, W2=3mm, W3 =38 mm, W4 = 14.4 mm,
W5=14mm, W6=2mm, W7=0.5mm, W8=25mm,
W9=103mm, W10=11.7mm, W11=10mm, W12=
12mm, WI13=235mm, WI14=5mm, WI15=2mm,
W16 =3.5mm, W17=14mm, L1 =50 mm, L2 = 5 mm,
L3=7mm, L4=14mm, L5=6mm, L6=8mm, L7=
55mm, L8 =0.6 mm, L9=4.5mm, L10=20mm, L11=
35mm, L12=13mm, L13=40 mm, A1 =9°, A2 =18°,
A3 =34°, 44 =25°, and 45 = 18°}.

2.1 Design Steps

An asymmetrically fed circular patch [2] type mono-
pole structure is considered as the reference antenna (A),
as shown in Fig. 2(a). The feed line is selected as trapezoidal



546 A. DAS, J. ACHARJEE, K. MANDAL, COMPACT UWB PRINTED SLOT ANTENNA WITH THREE EXTRA BANDS ...

Top(A) Bottom(A Top(B |
Pl (A) op(B) Bottom®
@) (b) B
Top(C) Top(D)
Bottom(C) Bottom(D)
L+
(© (d)
Fig.2. Evolution of the proposed antenna structure:

(a) Antenna-A, (b) Antenna-B, (c¢) Antenna-C, and
(d) Proposed.

----- - Antenna A
Antenna B

—-etree Antenna C

Proposed antenna

S, (dB)

-40 |

Frequency(GHz)

Fig. 3. Stepwise improvement of reflection coefficient (S;;).

shaped [19] in structure to provide better impedance
matching at the additional bands. A simple ground of
length of 8 mm is considered. The circular monopole pro-
vides an ultra-wideband bandwidth 1.4-12 GHz, as shown
in Fig. 3. Now to accommodate extra bands the concept of
background resonators [18] has been conceived. Coupling
between the resonators is a useful technique to increase the
bandwidth [20]. Thus the two sides of the ground are ex-
tended and joined at the top. This configuration is named as
antenna-B and shown in Fig. 2(b). This ground modifica-
tion provides an extra band which is later finely tuned to
the desired frequency bands. The corresponding reflection
coefficient (Sy;) is shown in Fig. 3.

To get two more extra bands the ground is modified
further by adding two pairs of spider arm-shaped resona-
tors. This configuration is termed as antenna-C and shown
in Fig. 2(c). This design provides three extra bands along
with a stop band over 3.18—4.12 GHz which is mainly due
to the coupling between the extended feed line and ex-
tended back resonator. However, the bandwidth of UWB is
reduced and it only covers 2.9-8.1 GHz, as shown in
Fig. 3.

A cross-shaped slot is introduced on the feed line and
an arc-shaped resonator is used to enhance the bandwidth
of the UWB. This design is optimized to get the desired
results and termed as the proposed antenna (antenna-D) as

---- Patch only (a)
5 - - Patch + cross-shaped slot (b)

Patch + Arc-shaped resonator (c) - = =
—— Proposed design (d)

Sq4 (dB)

Frequency (GHz)

Fig. 4. Effects of cross-shaped slot and an arc-shaped
resonator, on the surface current distributions
(@9GHz) and Sy, plots.

shown in Fig. 2(d). The proposed design is operated over
the UWB (2.81-9.8 GHz) along with three extra bands
GSM-900 (0.85-1.03 GHz), GSM-1800 (1.72-1.83 GHz),
Bluetooth (2.33-2.48 GHz) and a notch at the WiMAX
(3.18-4.12 GHz) band. This is summarized in Fig. 3. Fur-
ther, to explain the function of cross-shaped slot and
an arc-shaped resonator, the surface current distributions
and comparative S;; plots for different design steps are
shown in Fig. 4. The design (Fig. 4a) without any slot and
resonator is unable to cover the upper edge frequencies of
UWB and surface current (@9GHz) is distributed ran-
domly throughout the patch. The cross-shaped slot
(Fig. 4b) helps to increase the current distribution along the
feed-line and the BW also increases slightly. Considering
the possible coupling with the feed line, an arc-shaped
resonator is introduced (Fig. 4c), but the resonator alone is
not able to cover the upper edge frequencies of the UWB.
This is because without the cross-shaped slot current con-
centration is lower on the feed line. So, the arc-shaped
resonator in presence of the cross-shaped slot provides
better coupling due to the higher current concentration on
the feed line. The dimension of the arc-shaped resonator
is chosen in such a way so that it resonates around
9.5-10 GHz and staggered with the higher resonances of
the patch thereby able to cover the entire UWB band.
Hence due to the introduction of cross-shaped slot and
an arc-shaped resonator better impedance matching has
been realized near the higher cut-off frequency of the UWB
and the higher edge frequency (8.1 GHz) has been shifted
to 9.8 GHz.

2.2 Parametric Study

In order to optimize the patch radius (R), it has been
varied from 11 mm to 13 mm and the corresponding re-
flection coefficients (S;;) are shown in Fig. 5. It is found
that for R = 12 mm the impedance matching is better over
the entire UWB. The side walls width (#2) of the slotted
ground is also an important parameter to optimize the posi-
tion of the first operating band covering the GSM-900
band. The width is varied from 2 mm to 4 mm and the cor-
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Fig. 5. Change in S;; characteristics due to radius variation of
circular patch.
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responding S;; (only for the first band) is summarized in
Fig. 6. It has been observed that for W2 =3 mm, the oper-
ating band covers the entire GSM-900 band with resonating
frequency at 900 MHz.

The overall length of two spider arm-shaped resona-
tors has been varied to optimize the position of the two
additional operating bands so that they can cover the entire
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Fig. 9. Confirmation of stop band characteristic due to length
variation of feed line.

GSM-1800 and Bluetooth bands exactly. The larger reso-
nator arms with length 64 mm to 68 mm provide variable
operating band centered at 1.8 GHz. Similarly, the varia-
tion of smaller arm’s length from 56 mm to 58 mm exhibits
a resonance at 2.4 GHz. These are illustrated in Fig. 7(a)
and Fig. 7(b), respectively. The larger and smaller arm’s
length is optimized at 66 mm (A/2.6), and 57 mm (A4/2.48)
respectively, where A is the wavelength corresponding to
the individual resonance frequency. The dimensions of the
resonators are considered such that its resonance frequency
is close to that of the modified ground. Thus, coupling
among multiple resonances provides a wide bandwidth

(> 500 kHz) for each extra operating bands (GSM-900,
GSM-1800, and Bluetooth).

The surface current densities at three resonant fre-
quencies of the extra bands have been illustrated in Fig. 8.
It is evidence that the two side walls of the ground, larger
spider arm-shaped resonator, and smaller spider arm-
shaped resonator are responsible for the GSM-900, GSM-
1800, and Bluetooth bands respectively. Due to the asym-
metric nature of the patch (inclined more towards the left-
hand side); the mutual coupling is more with the left arm of
the ground plane. Hence, the surface current density is also
more to the left arm than the right arm of the ground plane.

As discussed in the design steps that the overlapping
between the extended feed line and the extended back res-
onator is responsible for the stop band characteristic. The
parametric study of feed line length variation is confirming
the same. With the change in length (L13) of the extended



548 A. DAS, J. ACHARJEE, K. MANDAL, COMPACT UWB PRINTED SLOT ANTENNA WITH THREE EXTRA BANDS ...

20| IsurflA_per_ml

| S e
i o
i | =
h . 5. 0000 +001 |
. 4. usoe-001 |:4

3. 9000e+001 | .

3. 3500e+001 B

2. 800004001 | 1

L - 2. 2500e+091 H
: | 1. 7000e.001 | 1%,

1. 15004001 2

H

1

4 6. BO0De 000
. 5. 0000:-001

Fig. 10. Vector plots of surface current distributions at
(a) 3.5 GHz, and (b) 8.2 GHz.

feed line the stop band is affected and the length has been
optimized at 40 mm for the band notch functionality over
3.184.12 GHz. This is shown in Fig. 9, and the surface
current distribution at the center frequency (3.5 GHz) of the
notch band is also shown in the inset of this figure. The
vector plots of surface current distributions at 3.5 GHz, and
8.2 GHz (out of notch band) are shown in Fig. 10(a) and
Fig. 10(b), respectively. It shows that at the center fre-
quency of the notch band the extended ground and patch
acts as a single unit. Hence, they are shorted and no radia-
tion takes place in the far-field as the field lines originating
at the patch and ends in the ground. Whereas, at out of the
notch band the direction of current flow on the extended
feed line and extended back resonator is in the opposite
direction.

3. Measured Results and Discussions

In order to realize the improved performance of the
proposed antenna, the dimensions of the geometrical pa-
rameters are chosen from the parametric studies of the
antenna as described in Sec. 2. The proposed antenna is
fabricated for experimental verifications. The measured
and simulated frequency responses of the reflection coeffi-
cient (S;;) for the proposed antenna are shown in Fig. 11.
Photos of the fabricated prototype are shown in the inset of
Fig. 11. The measured impedance bandwidth, defined by
S11 £-10 dB, covers the GSM-900 (870-960 MHz), GSM-
1800 (1.67-1.84 GHz), Bluetooth (2.33-2.57 GHz), and
entire UWB (3-10.5 GHz). The measured result shows
a sharp band notched, covering the WiMAX (3.27 to
4.02 GHz) band. The comparison shows that the measured
result reasonably agrees with the simulated result through-
out the operating bands. The alignment of different arms,
slots, and resonators may be the main reason for fabrication
tolerances. The low-cost SMA connector contributes to
conductor loss in the practically implemented antenna.
Hence, fabrication tolerances and low-cost SMA may be
responsible for the slight mismatch between the measured
and simulated S;; plots. Considering the difficulties to
implement such a compact antenna, this amount of mis-
match can be accepted as an encouragement.

The measured E-plane and H-plane far-field normal-
ized radiation patterns at 0.9 GHz, 1.8 GHz, 2.4 GHz,
4.58 GHz, and 9.55 GHz are shown in Fig. 12(a), (b), and
Fig. 13(a), (b), (c¢), respectively.

35GHz  _ __ Simulated

—— Measured

12
Frequency (GHz)

Fig. 11. Simulated and measured S,; characteristics for the
proposed antenna.
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The simulated and measured peak gain and the simu-
lated efficiency of the proposed antenna are shown in
Fig. 14. At notch band, the peak gain and efficiency falls
remarkably and in the UWB region, the gain is sufficiently
high. The maximum realized peak gain is 3.8 dBi at
6.5GHz and the maximum efficiency is 91.15% at
5.5GHz. With the dimension of approximately
0.0464 x 0.0464, the area of illumination is least for
0.9 GHz followed by 1.8 GHz and 2.4 GHz. Thus the gain
is lower for the corresponding lower frequency bands.

To enlighten the advantages of the proposed design
over the previously published designs of its class, a com-
parative study is carried out and summarized in Tab. 1. In
[13] and [15] the UWB antennas with notch band charac-
teristic have been able to accommodate a single extra band
only. The UWB antenna [16] successfully accommodates
three extra bands but fails to include a single notch band.
The overall dimension of the proposed antenna is also
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lower or of the order of other antennas of its class. So, the
proposed design is able to cross the design hurdle of com-
pact UWB antenna design for multiple wireless services
along with band rejection functionality. Realizing Blue-
tooth band along with UWB is the necessity for wireless
personal area network (WPAN) applications. On the other
hand, realizing Bluetooth and GSM in a single antenna,
makes the design suitable for mobile phones also. Further,
there is a possibility to allocate different transmitting power
for the different transmitting bands by using separate mod-
ulator and amplifier circuits for the individual bands.

Related . Operating Pe?k Notch
works Size bands gain band
(dBi)
[13] 23 mm x 28 mm 24 GHz -3 3.5 GHz,
(0.0264 x 0.0322) UWB ~4 5.8 GHz
2.4 GHz 3
[15] 18.5 mm X 39 mm 35 GHz
(0.0194 x 0.0402) UWB 58
1.5 GHz -6
1.8 GHz -
[16] 54 mm X 55 mm Nil
(0.0554 x 0.056 1) 2.4 GHz 4
UWB 2.5
0.9 GHz -6
50 mm x 50 mm 1.8 GHz 5.6
Proposed (0.046 x 0.046.) e 3 3.5 GHz
UWB 3.8

Tab. 1. Comparison of the proposed antenna performances
with some previous related works.

4. Conclusion

A compact printed slot antenna for UWB and multiple
wireless applications along with single band rejection
functionality is proposed, fabricated and validated with the
experimental data. This antenna is able to avoid the inter-
ferences with WiMAX (3.27-4.02 GHz) band. In compari-
son to the related articles, this antenna provides UWB plus
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a maximum number of extra bands along with single band
rejection functionality. Side walls of the slotted ground and
the length of spider arm shaped back resonators are crucial
to adjust the band and center frequency of the additional
bands. Amount of overlapping between the extended trape-
zoidal shaped feed line and extended back resonators play
the important role to adjust the notch band. Stable radiation
patterns and acceptable gain make this antenna attractive
for UWB applications along with GSM-900, GSM-1800,
and Bluetooth services.
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