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A novel design of a compact ultra wideband antenna with triple band-notched characteristics is proposed. Much wider imped-
ance bandwidth (from 2.63 to 13.02 GHz) is obtained by using a star like-shaped radiator and a defected rectangular ground
plane and band-notched functions are obtained by attaching L- and I-shaped structure on the ground and a capacitive-loaded
loop (CLL) resonator on the patch. The triple band-notch rejection at WiMAX, WLAN, and ITU bands are obtained by
attaching I-shape strip, CLL resonator, and flip L-shape, respectively. The parametric study is carried out to study the influ-
ence of varying dimensions on the antenna performance. To validate simulation results of the design a prototype is fabricated
on the commercially available FR4 material. The measured results reveal that the presented triple band-notch antenna offers
a very wide bandwidth of 10.41 GHz (2.63–13.04 GHz) with triple band-notched characteristics at WiMAX (2.94–3.7 GHz),
WLAN (5.1–5.9 GHz), and ITU (7.4–8.7 GHz).
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I . I N T R O D U C T I O N

In the year 2002, the Federal Communication Commission
released frequency band from 3.1 to 10.6 GHz for ultra wide-
band (UWB) services with high data rate transmission cap-
ability (typically 100 Mbps) and Effective isotropic radiated
power (EIRP) less than 241.3 dBm/MHz [1]. The wireless
systems have gained a lot of popularity due to wide band-
width, high data rate, and short-range characteristics. Thus,
UWB is being used for numerous applications such as
Radar, Wireless Personal Area Network (WPAN), Wireless
Body Area Network (WBAN), military, and commercial
applications. The antennas for the UWB system should have
compact size, low-profile, low-cost, and omni-directional
radiation. Abundant innate merits i.e. low-profile, light
weight, easy fabrication, suitability of mass production with
acceptable radiation properties of the planar monopole have
instigated researchers to utilize it as UWB antenna [2–5].
However, the range of frequency for UWB system causes an
interference to the existing wireless communication system
such as WLAN (5.15–5.35 GHz, 5.725–5.825 GHz), WiMAX
(3.3–3.7 GHz), and ITU (8.025–8.4). Therefore, it is necessary
to notch out portions of the band to avoid interference with
existing wireless networking technologies [6–9]. To overcome
this problem, UWB antennas are designed with single/dual

and triple stop band performance by inserting different
shape structures to the UWB design [10–12]. A circular radi-
ating patch with an embedded T-slot on the patch with
a rectangular parasitic element is used to obtain ultra
wide bandwidth and two ideal switches are inserted over
two L-shaped parasitic elements placed in the left and
right of the patch for band-notch function [7]. In [8],
dual-band-notched characteristics are obtained by inserting
two C-shaped structure on the back surface of the substrate.
In [10], triple band notches are obtained using the closed
loop ring resonator and in [11], H-shaped resonator is embed-
ded in the radiating patch to generate triple band-notch func-
tions. Two C-shaped slots on the radiating patch are used to
generate a bandstop performance in [12, 13]. Whereas, in
[14], the band-notch function is achieved by inserting an
Archimedes spiral-shape slot in microstrip line and in [15],
the quarter wavelength stubs are attached in the ground
plane. The modified capacitive-loaded loop (CLL) resonator
beside the microstrip feed line are used for band-rejection at
3.3–3.6 GHz for WiMAX, 5.15–5.825 GHz for WLAN, and
7.25–8.295 GHz for the X-band satellite [16].

In this paper, the design of a compact UWB antenna with
triple band-notched characteristics is proposed. The band-
notched functions are obtained by attaching L- and I-shaped
structures on the ground and a CLL resonator on the patch.
Much wider impedance bandwidth (from 2.63 to 13.04 GHz)
is obtained by using a star-like-shaped radiator and a defected
rectangular ground plane. The triple band-notch rejection at
WiMAX (2.9–3.7 GHz), WLAN(5.1–5.9 GHz), and ITU (7.5–
8.7 GHz) is obtained by I-shape strip, CLL resonator, and flip
L-shape, respectively. To validate the design, a prototype with
an overall size of 25 × 20 × 1.6 mm3 is fabricated and mea-
sured. The experimental results show that the band-notched
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characteristic can be easily accomplished, while the antenna still
preserves a simple structure, compact size, and omnidirectional
radiation pattern. The Ansoft “HFSS” [17] is used for the simu-
lation which is based on a finite-element method. The entire
design and parametric study of the proposed antenna will be
discussed in different sections.

I I . A N T E N N A D E S I G N

The antenna is fabricated on FR4 epoxy (er ¼ 4.4 and loss
tangent of 0.02) with dimensions of 25 × 20 × 1.6 mm3 as
depicted in Fig. 1. The proposed antenna consists of symmet-
rical hand-shape structure and defected ground plane on the
other side of the dielectric substrate. In place of the conven-
tional radiator, the proposed antenna uses a star-like-shape
which is formed by joining two symmetrical hands-shape
geometries at lower end. The 2.4 mm wide microstrip-line is
connected at the bottom of this structure to provide feeding.
The conventional solid ground plane is modified to a defected
ground structure by cutting one rectangular slot of 7.5 ×
18 mm2 in the upper side and two rectangular slots of 7.5 ×
9.5 mm2, respectively. The above discussed radiator and
defected ground plane are designed to achieve UWB. Further,
triple band-notch rejection at WiMAX (2.9–3.7 GHz),
WLAN(5.1–5.9 GHz), and ITU (7.5–8.7 GHz) is obtained by
I-shape strip, CLL resonator, and flip L-shape, respectively.
The CLL structure near to the radiator is attached for band-
notched characteristics at WLAN band. One I-shape strip is
attached at lower rectangular slot and on flip L-shape strip is
added to upper rectangular slot of the ground plane to
achieve the band-notched characteristics at WiMAX and ITU
bands.

To verify the band-notched operation, the HFSS predicted
current distributions at various frequencies are shown in
Fig. 2. In Figs 2(b)–2(d), the simulated current distributions
on radiating patch and ground plane of proposed antenna
for I-, L-shaped, and CLL resonator are shown to clarify the
band-notch performances. As shown in Fig. 2(b) current
flows more dominant on feed line and concentrated around

I-shaped strip under the lower side of the ground plane.
Also in Fig. 2(c) current flows on feed line and concentrated
around the CLL resonator. As shown in Fig. 2(d), the
surface current density is mainly concentrated around the
L-shaped strip connected in the upper slot of the ground
plane. So, surface currents concentrate on the edge sides of
I-, L-shaped, and CLL resonator and antenna impedance
changes at these frequencies which cause band-notch proper-
ties of the proposed structures. Also high attenuation near
notch frequencies are produced due to reverse direction flow
of surface current in patch and feed line, which leads a cancel-
lation of radiation fields. The current distribution of the pur-
posed antenna at different resonant frequencies 2.75, 3.8, and
12.48 GHz are shown in Figs 2(e)–2(g) to corroborate phe-
nomena of the UWB operation outside the band-notched fre-
quencies. As seen in Fig. 2(e), the strong surface current flows
along the radiating patch, ground plane, and feed line. It is
seen that the lower frequencies are mainly agitated by left
hand of the star-like radiator and middle portion of ground
plane. For the 3.8 GHz operation [see Fig. 2(f)], it is observed
that the surface currents are distributed uniformly over the
whole radiator and ground plane. Figure 2(g) reveals that
the surface current is prominent at lower corner of the
ground planes, star-like radiator, and feed line.

The proposed antenna configuration is numerically inves-
tigated and optimized using Ansoft “HFSS” electromagnetic
solver. The various antenna designs during the process of
triple band-notched antenna are shown in Fig. 3. The red
color curve shows the ultra wide bandwidth of the antenna
ranges from 2.63 to 13.04 GHz more than 10.41 GHz for
VSWR less than 2.0. It is also observed that the sharp fre-
quency band-notched characteristic is obtained very close to
the desired frequency of 3.24 GHz when a I-shaped strip of
0.44 × 7.5 mm2 is attached with an antenna as shown in
Fig. 3 (magenta color curve). The blue color curve in Fig. 3
shows UWB antenna with dual-band-notched characteristics
obtained by adding an additional L-shaped strip in the
upper slot of the ground plane. Finally, a CLL resonator is
attached near to the feeding line to obtain band-notched char-
acteristic very close to desired frequency of 5.48 GHz. CLL is a

Fig. 1. Schematic configuration of the proposed compact UWB microstrip antenna.
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self-resonant circuit and its resonant frequency can be deter-
mined by its loop inductance and capacitance resulting from
the cuts which open the loop [18].

Figure 4 shows the simulated results of the proposed
antenna with width Wg6 of the I-shape strip, varies from
0.44 to 4.44 mm. It is observed from Fig. 4, when the value
of Wg6 is increased, the rejection-band region gain increases
along with the mismatching at lower frequency band and
about 3.24 GHz. Therefore, it is decided on Wg6 ¼ 0.44 mm
as the optimum value with the notch rejection about
3.24 GHz.

Figure 5 shows the simulated results of the proposed
antenna with lower length Wg5 of the L-shape strip, varies

from 1.16 to 5.56 mm. It is observed from Fig. 5, when the
value of Wg5 is increased, the rejection-band region moves
toward lower frequency. Therefore, it is decided on Wg5 ¼

2.16 mm as the optimum value with the notch rejection
about 8.07 GHz.

A parametric study of the CLL element provides a neces-
sary understanding of the interaction between the main radi-
ator and the element. The gap between radiator and CLL
resonator is kept 0.2 mm due to fabrication constraint. The
CLL element is self-resonant circuit with high-Q characteristic
and a compact size. Its resonance frequency can be deter-
mined by its loop inductance and the capacitances resulting
from the cuts which open the loop. Therefore, it is a very suitable

Fig. 2. The fabricated prototype of the proposed antenna and simulated surface current distributions at band-notched centre frequencies and outside
band-notched frequencies.
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Fig. 3. Simulated VSWR for I-shaped strip, L-shaped strip, and proposed
structure.

Fig. 5. Simulated VSWR against frequency for the proposed antenna with
various Wg5; other parameters are the same as listed in Table 1.

Fig. 6. Simulated VSWR against frequency for the proposed antenna with
various dw1; other parameters are the same as listed in Table 1. (dr1 ¼ 2.2,
dr2 ¼ 2.7, dl1 ¼ 0.3, and dw1 ¼ 0.87).

Fig. 4. Simulated VSWR against frequency for the proposed antenna with
various Wg6; other parameters are the same as listed in Table 1.

Fig. 7. Measured and simulated results of the compact UWB antenna with
triple band-notched characteristics.

Fig. 8. Measured and simulated gain of the compact UWB antenna with triple
band-notched characteristics.
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candidate for a band-stop filter function. The band-notched
frequency is given approximately by the expression [18]

fnotch = c
2LCLL.

����

eeff
√ , (1)

where LCLL is the total length of the CLL element, eeff is the
effective dielectric constant, and c is the speed of the light.
Thus, various numerical simulations are performed, to adjust
the dimensions of the element to obtain the final design.
Figure 6 shows the simulated results of the proposed antenna
with length dw1 of the CLL resonator, varies from 0.58 to
1.38 mm. It is found that when the value of dw1 is increased,
the rejection-band region moves toward lower frequency.
Therefore, it is decided on dw1 ¼ 0.58 mm as the optimum
value with the notch rejection about 5.48 GHz. Therefore, the

CLL resonator can result in band-stop performance when
placed near to the radiator and it can be equivalent to shunt-
connected series LC resonance circuits.

I I I . E X P E R I M E N T A L R E S U L T S A N D
D I S C U S S I O N

After optimizing the design using a commercially available
Ansoft HFSS simulator, antenna is fabricated and measured
to validate the design. The photograph of the fabricated
antenna is shown in Fig. 2(a). The performance of the pro-
posed antenna such as impedance bandwidth and radiation
patterns are measured using Agilent N5230A vector network
analyser. The measured and simulated VSWR curves of the
proposed antenna are shown in Fig. 7. It is observed from

Fig. 9. Radiation patterns for various resonance frequencies for the compact UWB antenna with triple band-notched characteristics. — Measured; - - - simulated.
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Fig. 7 that the simulated and measured results are in good
agreement. The designed antenna offers a very wide band-
width of 10.41 GHz (2.63–13.04 GHz) with triple band-
notched characteristics at WiMAX (2.94–3.7 GHz), WLAN
(5.1–5.9 GHz), and ITU (7.4–8.7 GHz). The small difference
between the measured and simulated results is due to the
effect of SMA connector soldering and fabrication tolerance.

The simulated and measured peak gains of the proposed
antenna across the entire operating band are shown in
Fig. 8. The antenna gain remains almost constant with
sharp decrease in all three notch bands as desired, that con-
firms the band-rejection behavior of the proposed antenna.
Figures 9(a)–9(c) show the two-dimensional (2D) far-field
radiation patterns in the H- and E-planes at sampling frequen-
cies of 2.75, 3.8, and 12.48 GHz, respectively. It is found that
the antenna has nearly good omnidirectional radiation pat-
terns at all frequencies in the E-plane (xy-plane) and the
H-plane (yz-plane). The radiation pattern of the antenna
remains stable for entire operating band and it shows unstable
radiation pattern at all three band-notches. These patterns are
suitable for application in most of the wireless communication
equipments, as expected.

I V . C O N C L U S I O N

A novel compact UWB antenna with triple band-notched
characteristics for UWB applications is successfully presented
and implemented. The triple band-notch rejection at
WiMAX, WLAN, and ITU bands are obtained by attaching
I-shape strip, CLL resonator, and flip L-shape, respectively.
Effects of varying dimensions of key structure parameters
on the antenna performance are also studied. The proposed
antenna has several advantages, such as small size, stable radi-
ation patterns with triple band-notched characteristics.
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Table 1. Design parameters of the proposed compact UWB antenna with
triple band-notched characteristics shown in Fig. 1.

Parameters Lp1 Lp2 Lp3 Lp4 Lp5 Lp6 Lg1 Lg2

Unit(mm) 2.85 3.85 2.25 2.8 8.55 10.45 2.2 7.5
Parameters Lg3 Lg4 Lg5 Wg1 Wg2 Wg3 Wg4 Wg5

Unit (mm) 5.8 7.5 4.5 20 6.93 8.77 9.03 2.16
Parameters Wg6 Wg6 Wp1 Wp2 Wp3 Wp4 Wp5 Wp6

Unit (mm) 0.44 2 0.8 5.25 1 10.8 3.4 1.28
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