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Abstract

A compact planar ultra-wideband (UWB) antenna with WiMAX and WLAN notched band is
presented in this paper. The presented antenna consists of a rectangular patch and slotted par-
tial ground plane and fed by a microstrip feed line. The volumetric size of the antenna is
30 mm x 22 mm x 1.6 mm. Method of moment-based simulation technology is used to simu-
late and analyze the characteristics of the antenna. To generate two notch bands at WiMAX
and WLAN, a pair of parasitic resonator is placed beneath the radiating patch. The presented
antenna achieves an operating band (VSWR <2) ranging from 2.98 to 12 GHz with an average
gain of 3.95dBi along with considerable efficiency and symmetric radiation patterns.
Moreover, the antenna exhibits two notch bands at 3.5 and 5.45 GHz and is able to avoid pos-
sible interference with pre-existing narrow band services. The proposed antenna is low cost
and low profile and is modeled to be used as a transceiver in UWB communication
applications.

Introduction

Various advanced wireless communication technologies have already emerged during the past
few decades, which, have significantly influenced and benefited the human life in different
way. Despite of high data rate, ultra-wideband (UWB) system consumes low power compared
with the other narrow band systems, resulting in not causing undesired interference to the
existing communication systems. However, strong signals from pre-existing narrow bands
such as IEEE 802.16 WiMAX (operating at 3.3-3.8 GHz), IEEE 802.11a WLAN (covering
5.15-5.825 GHz band), and HIPERLAN (5.15-5.47 GHz) may degrade the UWB system’s per-
formance due to strong interference. Although this problem can be minimized by the use of
spatial filters, it will elevate the cost and system complexity. Therefore, it is necessary to design
UWB antennas with band-notch function.

To attain band-notch characteristics, several techniques have been proposed. These techni-
ques include insertion of different types of slots in the patch or ground plane [1-3], etching of
slot/s on the feed line [4], addition of parasitic strips and split rings near the patch, feed line, or
ground plane [5-8] and printing of different types of resonators on/beneath the radiating
patch [9, 10]. For example in [1], three rectangular slots have been cut on the patch to create
dual notch band at WLAN and X-band. Though it notches X-band used in satellite commu-
nication, it fails to filter out the popular WiMAX band. To achieve multiple band-notch char-
acteristics, in [2] four meander-shaped defected ground structured slots have been etched in
the ground plane. This design shows sharp band rejection characteristics, but it possesses a
large volumetric dimension of 8624.0 mm°. In [4], dual band-notch characteristics at 3.6/
5.5 GHz with UWB operating band is achieved by etching an S-shaped slot on the feed
line. Despite of fairly compact size (36 mm x 30 mm), the reported antenna’s notch bands
are larger than the required notch bands for WiMAX and WLAN which may degrade the
quality of the received signal. In order to generate dual notch bands at 3.3-3.7 and 5.15-
5.8 GHz, a pair of bended dual L-shaped parasitic branches is added to the slotted ground
plane of the antenna presented in [5]. But this design is characterized with irregular structure
and relatively large size. In [6], to create a notch band at 3.5 GHz, an angle-shaped parasitic slit
is etched in the front of the substrate along with the patch, while to attain another notch band
at 5.5 GHz, a pair of symmetrical slits is placed within the slot of the ground plane. In [7], to
realize a notch band at WiMAX, an inverted T-shaped stub is embedded in the square slot of
the radiating patch, while a pair of rotated U-shaped parasitic strips is imprinted beside the
feed line to generate another notch band at WLAN. Though the design is compact, the
achieved bandwidths (BWs) of the notch bands are larger than the required BW. To create
dual notch band at around 5.34 and 7.95 GHz, two pairs of square-shaped split-ring resona-
tors are printed on the back side of the antenna reported in [8]. However, the antenna size is
big and it does not notch the 3.5 GHz WiMAX band. To achieve stop band characteristics at
WLAN (5-5.4 GHz) and ITU band (7.8-8.4 GHz) in [9], one inverted U-shaped and one iron-
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Fig. 1. Layout of the presented antenna structure (i) top view, (i) bottom view, and (iii) resonators.

shaped parasitic resonator are etched on the back side of the radi-
ating patch. The layout of this antenna is fairly compact but it
notches the WLAN band partially. Uses of metamaterials and
electromagnetic bandgap structures have also been reported to
design band-notch UWB antennas [11, 12]. Although many of
the above mentioned antennas exhibit desired band-notch charac-
teristics, they are featured with disadvantages like complex struc-
ture, large volumetric size, and strong coupling between the
band-notch elements. Moreover, many reported band-notch
UWB antennas use band-notch elements that are simultaneously
imprinted on both sides of the substrate which may create fabri-
cation difficulties. Therefore, it is quite challenging to design
band-notch UWB antenna with compact volumetric size.

A compact planar UWB antenna with a size of 30 mm x
22mmx 1.6 mm is presented in the paper. To generate two
notch bands, a pair of parasitic resonator is placed beneath the
patch without changing the size and shape of the radiator and
ground plane. The presented antenna covers the frequency spec-
trum ranging from 2.98 to 12 GHz thereby maintain a VSWR
<2. Moreover, the designed antenna exhibits two notch bands
at 3.5 and 5.45 GHz, achieved an average gain of 3.95 dBi, and
demonstrates stable radiation patterns throughout the operating
BW except at notch bands.

Design of the proposed antenna

Figure 1 presents the design of the proposed microstrip planar
UWB antenna which is composed of almost square-shaped radi-
ating patch with partial ground plane. The microstrip patch of the
presented antenna is etched on one side of a standard FR4
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dielectric substrate. The substrate material has a compact dimen-
sion of W x L with a thickness of 1.6 mm, a relative permittivity of
4.6, and a tand of 0.02. To feed the antenna, a microstrip line of
size wyx Iy is printed on the same side of the substrate along with
the patch. To enhance the operating BW, the partial ground plane
is modified by inserting triangular-shaped slots and is printed on
the other side of the FR4 material. An SMA connector is attached
to the base of the 50 Q microstrip feed line. The change in the
ground plane shape and dimension causes the change in capaci-
tance and inductance of the input impedance resulting in a
change in operating BW. The slots in the top edge of the partial
ground plane alter the distances between the patch and the
ground plane and influence the coupling between them and con-
sequently the BW is enhanced. It is found that insertion of
triangular-shaped slots on the top edge of the partial ground
plane enhanced the operating BW by 43.6% [13]. The parameters
of the presented antenna structure without resonating elements
are as follows: W=30mm, L=22mm, Wp=145mm, Lp=
14.75 mm, Lg="7.5 mm, wy=3 mm, [r="7.25 mm.

To produce two notch bands with an aim to minimize the
electromagnetic interferences between WiMAX, WLAN, and
UWB systems, a pair of parasitic resonators has been printed
beneath the patch as depicted in Fig. 1(ii). To attain a notch
band at WiMAX band, first resonator of total length L, (=a +b
+c+d+e) is printed symmetrically at a distance x; mm from
the left edge of the substrate. The second notch band at WLAN
can be obtained by etching another resonating element of length
L, (=f+ g+ h) at a distance x mm from the first one. The first and
second resonators are, respectively, at y; and y, mm away from
the top edge of the slotted ground plane. The total length of
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Fig. 2. Distribution of surface current at (a) 3.5 GHz (WiMAX notch band), (b) 4.28 GHz (pass band), (c) 5.45 GHz (WLAN notch band), and (d) 8.0 GHz (pass band).
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Fig. 3. Real and imaginary parts of the input impedance.
the each resonator is equal to about half of the guided wavelength

and is given by

_ )\g _ /\0 _ Cc
2 2J/& +1 2fnotch«/ e+1 '

L

where A is the free space wavelength, c is the velocity of light, &, is
the relative dielectric constant of the substrate, and f,o, is the
center frequency of the respective notch bands. The detail dimen-
sions of the different parameters of the resonators are depicted in
Fig. 1(ii).
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The current distributions on the surface of the presented
antenna at 3.5 GHz (notch band), 4.28 GHz (pass band),
5.45 GHz (notch band), and 8.0 GHz (pass band) are displayed
in Figs 2(a)-2(d) correspondingly. In the plot, the currents are
strongly concentrated as it approaches the areas marked red and
distribution becomes denser. Figure 2(a) presents the current dis-
tribution at first notch band of 3.5 GHz where it is seen that most
of the surface current concentrated around the first resonator
while the currents in the rest of the antenna are very weak. The
current distribution at second notch band of 5.45 GHz depicted
in Fig. 2(c) indicates that the surface current at the second reson-
ating element is stronger than the other part of the antenna. Due
to this higher current concentration at resonators, the impedance
of the antenna is altered which results in a mismatch at WiMAX
and WLAN bands. It is also revealed from Figs 2(a) and 2(c) that,
in the similar arm of the resonators, the flow of currents is oppos-
ite to each other resulting in a weak radiation from the antenna at
these frequencies. These presented surface current distributions
indicate that at around 3.5 and 5.45 GHz, strong resonances are
created, resulting in the creation of notched bands at WiMAX
and WLAN frequency bands. Figures 2(b) and 2(d) correspond-
ingly depict the surface current distributions at pass band fre-
quencies of 4.28 and 8.0 GHz from where it can be observed
that surface current concentrations in the resonators are almost
similar to that of other parts of the antenna and hence the reso-
nators act as a part of the radiator and the antenna radiates
effectively.

The real and imaginary part of the input impedance of the pre-
sented antenna with and without resonators is displayed in Fig. 3.
It can be noticed from the figure that the real and imaginary parts
of the input impedance of the antenna without notch bands are,
respectively, very much close to 50 and 0 Q characteristic line and
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Fig. 4. Simulated VSWR for different values of (a) Ly, (b) b, (c) L, and (d) g.

demonstrate a good impedance matching resulting in a ultra-wide
operating band. On the other hand, at around 3.5 and 5.45 GHz,
the real and imaginary parts of the input impedance of the
antenna with notch bands are, respectively, much away from
the 50 and 0 Q characteristic impedance line and exhibit higher
impedances resulting in a mismatching. Due to this mismatching,
two notch bands are created at around 3.5 and 5.5 GHz that cover
the WiMAX and WLAN bands, respectively.

A parametric study is conducted to investigate the effects of
different electrical and geometrical parameters on the perfor-
mances of the presented antenna. As the parasitic resonators cre-
ate the notch bands, their position and sizes have a great influence
on band-notch characteristics and are studied. The entire sensitiv-
ity test is done by IE3D simulator from Zeland and during the
simulations all but the parameter of interest are kept constant.
The length of the first resonator L; has a significant role in the
creation of notch bands. Figure 4(a) presents the VSWR for dif-
ferent L,. The effect of length L, is significant at WiMAX band
where the current is concentrated around the first resonating
element while it has a very little effect on WLAN band. The vari-
ation in L; at certain values causes reduction in BW of WiMAX
notch band as well as shifting of center frequency from the
desired one. In Fig. 4(a), the first resonator length of 25 mm
has achieved the required notch band from 3.25 to 3.75 GHz
with a VSWR >2. Figure 4(b) depicts the effect of the first reso-
nator’s inner side length b on band-notch characteristics. In this
figure, it is seen that the side length b plays a vital role in notching
WiMAX band while it does not affect the higher WLAN band.
Figure 4(c) displayed the simulated VSWR with different L,,
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length of the second resonator. Increasing and decreasing of L,
from a certain value shifted the WLAN notch band, whereas
this variation has no effect on lower WiMAX notch band. It can
be noted from the plot that a length L, =18 mm can notch a
BW of 5.0-5.6 GHz to cover the WLAN band. The variation of
VSWR with second resonator’s inner side length g is demonstrated
in Fig. 4(d). It can be observed that at lower notch band, this par-
ameter has no effect, whereas at higher notch band, there is a
strong dependency of center frequency of the WLAN notch
band on g. Insertion of second resonator with an inner side length
of 4mm can successfully notch the desired WLAN band. The
effects of all the parameters of resonates and their optimized values
are summarized in Table 1 from where it can be commented that
the BW and center frequency (f.) of WiMAX notch band are
totally controlled by first resonator, whereas second resonator
can solely generate and adjust WLAN notch band, ie. each
notch band is not affected by the generation of others.

Results and discussion

The presented microstrip planar antenna has been simulated and
optimized with method of moment-based simulator and then fab-
ricated on FR4 printed circuit board for practical measurement.
The measurement has been performed using N5227A PNA net-
work analyzer (range 10 MHz-67 GHz) and SATIMO near-field
antenna measurement system. Figure 5 displays the simulated
and measured VSWR of the presented antenna in terms of fre-
quency. In the simulation, the proposed antenna achieved imped-
ance BWs ranging from 2.85 to 12 GHz to maintain a VSWR <2
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Table 1. Effects of different parameters on first notch band (WiMAX) and second notch band (WLAN)

First notch band

Second notch band

Parameters BW Centre frequency, fc BW Centre frequency, fc Optimized value (mm)
LAV AV Moves toward higher band - - 3.0
LAV VA Moves toward lower band - - 25.0
AV vv Slightly moves toward higher band - - 0.5
127 \ 4 vv Slightly moves toward higher band - - 8.0
LAV - - VA Moves toward lower band 18.0
hAV - - vv Moves toward lower band 75
LAV - - AV Moves toward higher band 0.5
V. AY - - vv Slightly moves toward lower band 8.0
AV mV Moves toward higher band mV Moves toward lower band 7.5
a x x x x 5.0
c x x x x 6.5
d X X X X 4.0
@ x x x x 6.5
f 7 o . x 6.5
h X X X X 7.5
X x x x x 8.75

“A” indicates increment from the optimized value, “W” indicates decrement from the optimized value, “sm” means unaffected, and “x” indicates not done.

Simulated — — - Measured
:
=
0 T T T T 1
2 4 6 3 10 12
Frequency(GHz)
Fig. 5. Simulated and measured VSWR of the presented antenna.

with two notch bands of 3.26-3.72 and 5.09-5.60 GHz, whereas
the BW in the measurement is from 2.98 to 12 GHz with the exhi-
bitions of notch bands from 3.26 to 3.82 and 5.01 to 5.75 GHz.
The displayed results are uniform over the whole operating
band, although minimal inconsistencies are observed between
the simulated and measured VSWRs. The discrepancy between
simulated and measured results occurs given the feeding cable
and fabrication inaccuracy.

The measured and simulated gains of the proposed antenna
are reflected in Fig. 6. Despite of some disagreement especially
at higher frequencies, the measured result significantly coincide
with the simulated one. In this figure, the antenna has 7.05 dBi
maximum gains with an average of 3.95 dBi. Sharp decrements
of the gain have been observed at WiMAX and WLAN notch
bands which indicate the effects of resonating elements.
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Fig. 6. Measured and simulated gain of the proposed antenna.

The radiation pattern of the presented antenna is measured in
SATIMO StarLab system. The SATIMO StarLab system measures
the antenna radiation patterns in near-field region using network
analyzer and is shown in Fig. 7. Here, the data become far field
considering the strongest forces of electromagnetic induction in
this field. The near filed can mathematically be expressed by

\/E
0.62/~~(R{

with R and D, respectively, are the far-field area and the max-
imum linear dimension of the antenna under test.

The far-field data are obtained from corresponding near-field
data by using a Fourier transformation resulting in the generation

2D?
A

)
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Fig. 7. Measurement set-up in SATIMO StarLab.
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Fig. 8. Radiation patterns of the proposed antenna at (a) 3.0, (b) 4.28, and (d) 8.0 GHz.
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Fig. 9. Measured group delay of the proposed antenna.

of radiation pattern. The measured and simulated radiation pat-
terns of the presented antenna with co-(Co-pol) and cross-
polarization (X-pol) levels for same frequencies in E-plane (¢ =
0°) and H-plane (¢= 90°) are plotted in Figs 8(a)-8(c). The radi-
ation pattern at 3.0 GHz is omnidirectional in both E- and
H-planes as shown in Fig. 8(a). The radiation pattern of the pro-
posed antenna at 4.28 GHz remains appreciably durable to be
omnidirectional. At a higher frequency of 8.0 GHz, the radiation
pattern turns to be slightly directive due to higher-order current
excitation. The cross-polarized level especially in H-plane increases
with frequency which may be due to the radiation from the non-
radiating edges of the proposed antenna. This high cross-polarized
radiation may also be due to the unwanted higher order radiating
modes that affect the far-field performance of the proposed
antenna. Moreover, as the proposed antenna is designed on sub-
strate with higher thicknesses and larger dielectric constant, this
cross-polarized radiation becomes significantly prominent near
the broadside direction in the H-plane which reflects the finding
reported in [14, 15]. This higher cross-polarized level can be sup-
pressed by the use of modified feeding arrangement, exploration of
defected patch surface, use of shorted patch, use of microwave
absorbers, and metamaterials. Despite some nulls and higher
cross-polarization level, the plot in Fig. 8 illustrates that the radi-
ation patterns of the presented antenna are remarkably stable
throughout the pass band of UWB spectrum.

Figure 9 depicts the measured group delay of the presented
microstrip planar antenna. The group delay with minimum distor-
tion is a prime requisite for time domain characteristic of the
UWB antenna. The group delay that indicates the time delay of
a signal can be expressed as the negative derivative of the phase
to the frequency. To measure the group delay, two prototypes of
the proposed antenna are connected to the two ports of the net-
work analyzer. In this research, it is measured in face-to-face
and side-by-side orientations and in both cases two antennas are
separated by a distance of 250 mm. The measured group delays
of the presented antenna are plotted in Fig. 8. The group delays
during face-to-face and side-by-side positions, except for the
notch bands, are linear and nearly same. This group delay corre-
sponds well to the transmission characteristics of the antenna,
thereby proving a minimal distortion of the transmitted signal.

In Table 2, the performance of the proposed antenna is com-
pared with the recently reported other dual band-notch UWB
antennas from where it is clear that there is a distinct trade-off
between band-notch performance and size of the UWB antennas.
From the comparison, it can be commented that the band-notch
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Table 2. Comparison of the proposed antenna with recently reported dual

band-notch UWB antennas

Dimension Volume

Antennas (mm) (mm?) Notch bands (GHz)

[2] 80x70x1.54 8624.0 3.00-3.70,
5.45-5.98

[8] 50 x50 x 1.575 3937.5 Centered at 5.34
and 7.95

[16] 50 x50 x1.52 3800.0 Centered at 5.80
and 7.50

[17] 30x12x6.0 2160.0 3.22-4.06,
4.84-5.96

[18] 40x30x%1.6 1920.0 3.30-3.70,
5.15-5.825

[19] 48 x36 % 1.0 1728.0 3.25-4.25,
5.00-6.05

[5] 40x30% 1.2 1440.0 3.30-3.70,
5.15-5.825

[20] 30x30%1.6 1440.0 4.97-5.48,
5.69-5.99

[21] 30x26x1.6 1248.0 3.10-4.00,
5.10-6.10

11 30x26x1.6 1248.0 5.15-5.82,
7.25-8.39

Proposed 30x22x1.6 1056.0 3.26-3.82,
5.01-5.75

technique presented in this antenna has a distinct advantage over
other designs as this technique possesses smaller footprint.
Moreover, the proposed antenna has a small volumetric size, exhi-
bits symmetric radiation patterns, and covers the entire UWB
band with two notch bands.

Conclusion

A compact low profile microstrip planar UWB antenna with dual-
notched bands is presented. The antenna has a small size of
30 mm X 22 mm on a low-cost FR4 dielectric substrate. The dual-
notched band is obtained by integrating two rectangular parasitic
resonators beneath the radiating patch. Experimental result shows
that the presented antenna could achieve a BW ranging from 2.98
to 12 GHz for VSWR <2 with two notch bands of 3.26-3.82 and
5.01-5.75 GHz. Both the simulated and measured results demon-
strate that the proposed antenna has a good gain except at notch
bands. The radiation patterns of the proposed antenna are also
robust throughout the operating band and it also demonstrates
linear time domain characteristics, hence is suitable for UWB
wireless communication applications.
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