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Novel compact dual-band-notched
ultra-wideband printed antenna with a
parasitic circular ring strip

ZHIJUN TANG, XIAOFENG WU, ZAIFANG XI AND SHIGANG HU

A simple and compact printed ultra-wideband antenna with dual-band-notched characteristics is presented. The proposed
antenna is composed of a rectangular patch and a modified ground plane. The rectangular patch is etched onto a lossy
FR4 substrate. A circular ring strip parasitizes the rectangular patch embedded by a U-shaped slot. Two inverted-L slits
and a rectangular slit are embedded onto the ground plane. Some bandwidth enhancement and band-notched techniques
are applied in the antenna structure for broadening the bandwidth and generating notches. The simulated and measured
results show that the proposed antenna offers a very wider bandwidth ranging from 3.04 to 17.30 GHz, defined by the
return loss less than —10 dB, with dual-notched bands of 3.30-4.20 and 5.10-5.85 GHz covering the 3.3/3.7 GHz
WiMAX, 3.7/4.2 GHz C-band, and 5.2/5.8 GHz wireless local area network systems. Furthermore, the proposed antenna pre-
sents relatively high antenna gain and quasi-omnidirectional radiation patterns.
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. INTRODUCTION

As the key component of a wireless communication system,
antenna directly determines the quality of service for commu-
nication application. In order to cover more wireless commu-
nication services, there is an increasing demand for antennas
capable of operating at an extremely wider frequency band
such as ultra-wideband (UWB) [1-2]. UWB is a high-speed
radio technology that is used at very low-power levels for
short-range wide bandwidth communication using a large
portion of the radio spectrum [3]. According to FCC regula-
tion (2002) and IEEE 802.15.3a standard (2004), ultra-
wideband communication frequency band is identified as
3.1-10.6 GHz. Therefore, the feasible design and implementa-
tion of UWB systems have become a highly competitive topic
in both academic and engineering fields of wireless communi-
cation applications [4]. Recently, much attention has been
focused on UWB communication systems. These systems
are suitable candidates for exchanging high-rate information.
To achieve such high-performance communication systems,
UWB antennas should be effective in transmitting, compact,
non-dispersive, and have a good wide impedance bandwidth
properties. These features are desirable for both indoor and
outdoor UWB applications. In order to satisfy such require-
ments, various planar antennas have been developed for
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UWB communications over the last few years. A large
number of patch antennas have been introduced to give
better performances for a variety of UWB applications due
to the low performance of wire antennas. Due to their
simple geometric structures and ease of fabrication, the pro-
posed UWB antennas mainly focus on the slot and monopole
antennas. Broadband planar monopole antennas have
received considerable attention owing to their attractive
merits, such as ultra-wide frequency band, good radiation
properties, simple structure, and ease of fabrication. In these
literatures, many different microstrip UWB antennas with
rectangular, circular, triangular, elliptical, hexagonal, and so
on patches are currently being considered for UWB applica-
tions [5, 6].

However, the frequency range for UWB systems can cause
interferences to the existing WiMAX, C-band, and wireless
local area network (WLAN) system operating at 3.30-
3.70 GHz, 3.70-4.20, and 5.20 GHz (5.150-5.350 GHz)/
5.80 GHz (5.725-5.825 GHz), respectively, which result in
overloading with the UWB systems. The conventional UWB
antennas are difficult to meet these requirements. In order
to avoid interferences among these systems, it is necessary
to design UWB antenna with these notched notches.
Recently, various band-notched antennas were proposed in
the past several years [7-29]. Some techniques have been pro-
posed for achieving band-notched characteristic by embed-
ding various types of slots onto the radiating patch and
using a defected ground structure. However, the notched
band is usually generated using only single resonator and
cannot offer a precise selectivity to meet the requirements
in most existing band-notched antennas. Furthermore,
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bandwidth and gain are important parameters for design a
band-notched UWB antenna. Most existing band-notched
antennas are only obtained about bandwidth of 3.0-12 GHz
or the gain of 2.0 dBi.

In this paper, a novel compact printed antenna is con-
structed by a rectangular radiating patch, a mirostrip trans-
mission line, a printed circuit board (PCB) substrate, and a
defected ground plane. A parasitic circular ring strip and a
U-shaped slot with different widths are embedded onto the
radiating patch. The proposed antenna can achieve a
compact planar profile, wider impedance bandwidth (3.04-
17.30 GHz), relatively high gain (is larger than 3.0 dBi),
stable radiation pattern characteristics. The proposed
antenna is suitable for wireless wideband communication
applications.

. ANTENNA DESIGN

The geometry of the proposed antenna is shown in Fig. 1. The
antenna consists of a radiating patch, a microstrip feed line
and a defected ground plane. The radiator of the antenna is
printed on a lossy FR4 substrate of thickness 1.6 mm, a rela-
tive permittivity of &, = 4.4 and a loss tangent of tan 6=
0.018. The width of the feed line is Wy The defected ground
plane is etched on the other side of the substrate. It is
shown in Fig. 1(a) that a circular ring strip parasitizes the rect-
angular patch embedded by a U-shaped slot. The U-shaped
slot locates the lower part of the rectangular patch, and the
widths of the slot are different. By inserting the U-shaped
slot into the rectangular patch, a higher frequency band-stop
filter is formed. On the other hand, by directly parasitizing the
circular ring strip onto the rectangular patch, a lower fre-
quency band-stop filter is also formed for the UWB
antenna. Furthermore, the bandwidth of the proposed
antenna can be broadened by integrating the U-shaped slot
and the parasitic circular ring strip simultaneously.
Therefore, the U-shaped slot can produce approximately a
notched band range of 5.0-6.0 GHz by adjusting the size
and location of the slot. The parasitic circular ring strip para-
sitizes on the upper part of the rectangular patch, which can
produce approximately a notched band range of 3.0-
4.5 GHz by tuning the size of the circular ring strip. The
width and length of the microstrip feed transmission line
are referred as Wy and Ls respectively. The microstrip feed
transmission line is directly connected with the rectangular
radiating patch. It is shown in Fig. 1(b) that the ground
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Fig. 1. The antenna physical structure: (a) top view and (b) back view.
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plane of the antenna is a rectangular patch embedded with
two identical inverted-L slits and one rectangular slit. The
defected ground plane is printed onto the opposite side of
the PCB substrate under the microstrip transmission line.
The defected ground plane with the three slits can further
broaden the bandwidth range of 8.0-17.5 GHz and improve
the radiation performance. As a result, the geometry of the
proposed antenna integrated by the U-shaped slot, the parasit-
ic ring strip, and the defected ground plane with different type
slits can offer dual-band-notched and very ultra-wide band-
width characteristics.

. PARAMETRIC STUDY

The parametric study is carried out to investigate the effects of
the antenna parameters on the impedance and a guideline for
antenna optimization. It is essential because it provides
antenna engineers with more details and characteristics of
the antenna. Return loss is an important performance param-
eter to characterize antenna design. Therefore, the impedance
bandwidth of — 10 dB return loss (S,,) is investigated by simu-
lating and measuring. It has been found that the operating fre-
quency and its band-notched characteristics of the antenna
are mainly determined by the size of the U-shaped slot
(s, L, t), the parasitic circular ring strip (R,, R,), microstrip
feed line (W Ly), and the defected ground plane (L, rectangu-
lar slot, inverted-L slot). In the simulated return loss of the
antenna, the other parameters are kept to be constant except
for these interesting parameters.

Figure 2 shows that the simulated return loss of the pro-
posed antenna varies with different geometrical structure
and parameters. It is shown in Fig. 2(a) that the simulated
return loss of the antenna varies with changing the sizes of
U-shaped slot. The proposed antenna has not a notched
band of 5.0-6.0 GHz, if the U-shaped slot is not embedded
in the rectangular patch. It shows that the U-shaped slot is a
key factor for generating the notched band. Furthermore,
the notched band moves from a higher frequency to a lower
frequency with the increasing of the parameters s and L,. In
addition, the location of the notched band moves to a
higher frequency with the increasing of the parameter t.
Figure 2(b) shows that the simulated return loss of the
antenna changes with different sizes of the parasitic circular
ring strip. As shown in Fig. 2(b), the proposed antenna has
not a notched band of 3.0-4.5 GHz if the circular ring strip
is not parasitized on the rectangular patch. Moreover, the
notched band moves from a lower frequency to a higher fre-
quency with the increasing of the parameters R, and R,. In
other words, the circular ring strip is used to generate the
notched band for the antenna. Figure 2(c) shows that the
simulated return loss of the antenna is influenced by the
defected ground plane and its slits. As shown in Fig. 2(c),
the impedance bandwidth of the antenna will be narrowed if
the rectangular slit or two inverted-L slits are not embedded
in the defected ground plane. Figure 2(d) shows that the simu-
lated return loss of the antenna is affected with the size of the
microstrip feed line. As shown in Fig. 2(d), the impedance
bandwidth of the antenna is sensitive to the width Wy and
the length Ly of the feed line. As a result, the impedance band-
width becomes significantly narrower with either the increas-
ing or the decreasing of Wrand Ly Therefore, the suitable size
of the microstrip feed line is crucial to the antenna design.
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Fig. 2. Simulated return loss of the proposed antenna with different geometrical parameters and structure: (a) the U-shaped slot, (b) the parasitic circular ring, (c)

the defected ground plane, and (d) the microstrip feed line.

V. RESULT AND DISCUSSIONS

According to the above results of parametric study, optimized
design parameters of the proposed antenna were found
with the following dimensions: L =27 mm, W = 21 mm,
L,=12mm, W,=85mm, Lf=10.1mm, Wy=2.4mm,
Ly=6.1mm, Wy=6mm, L,=84mm, R, =8mm, R, =
75mm, ¢d=15mm, b=1mm, ¢c=1.4mm, d= 3 mm,
e=2.6 mm, f= 3.9 mm, s = 0.5 mm, and = 0.8 mm.

The simulations were carried out using CST Microwave
Studio, which is based on the finite-difference time domain
and the finite integration technique. To verify the perform-
ance of the proposed antenna, reflection and radiation
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Fig. 3. Simulated impedance of the proposed antenna.
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characteristics of the antenna were measured using an
Agilent/HP-8720C vector network analyzer.

Figure 3 shows the simulated impedance of the antenna.
When the operating frequency of the antenna ranges from
2.0 to 18.0 GHz, the proposed antenna’s resistances are near
to 50 (), and the fluctuations of resistance are smaller except
for two frequency bands of 3.5-4.5 and 5.0-6.0 GHz.
Furthermore, the antenna’s reactance fluctuates up and
down within the range of zero value except for two separate
bands of 3.3-4.2 and 5.0-6.0 GHz. According to the results
mentioned above, the proposed antenna has two approxi-
mately notched bands of 3.30-4.20 and s5.0-6.0 GHz.
Therefore, the proposed antenna can offers an ultra-
impedance wideband with dual-band-notched characteristics.

Figure 4 shows simulated current distributions on the radi-
ating patch of the antenna. As shown in Fig. 4(a), it is observed
that the current flows are more around the parasitic circular
ring strip when the proposed antenna operates at 3.4 GHz.
Furthermore, the current flows are oppositely directed
between the left and the right parts of the strip. Similarly, it
is shown in Fig. 4(b) that the current flows are relatively con-
centrated on the U-shaped slot edges when the proposed
antenna operates at 5.2 GHz, and they are also oppositely
directed between the interior and exterior parts of the slot.
Therefore, the resultant radiation fields cancel out each
other and high attenuations are emerged when the antenna
operates at near 3.4 or 5.2 GHz. Furthermore, it shows that
the antenna has dual filter structure, which can produce two
notched bands.

The fabricated antenna fed by mirostrip line and attached
with a SubMiniature version A (SMA) connector is shown in
Fig. 5. Figure 6 shows the simulated and measured return loss
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Fig. 4. Simulated current distributions on the radiating patch: (a) 3.4 GHz and (b) 5.2 GHz.

values of the antenna. As shown in Fig. 6, the experimental
measurements are basically consistent with the simulated
results. The proposed antenna has a very ultra-wide band-
width of 3.04-17.30 GHz with the dual-notched bands of
3.30—4.2 and 5.10-5.85 GHz. The dual-notched bands are
exactly consistent with 3.3/3.7 GHz WiMAX, 3.7/4.2 GHz
C-band, and 5.2/5.8 GHz WLAN systems, respectively.

Figure 7 shows the realized gains of the proposed antenna
operating at frequency range of 2.0-18.0 GHz. When the pro-
posed antenna operates at frequency range of 3.30-
17.30 GHz, it is observed that the minimum realized gain
reaches to 3.0 dBi, and the maximum realized gain is 4.8 dBi
except for the above-mentioned dual-notched bands.
Antenna realized gains become very small when the proposed
antenna operates at two notched bands of 3.3-4.2 and s5.10-
5.85 GHz. In addition, the realized gain is also affected
mainly by the size of the antenna radiating elements and the
radiating efficiency. Therefore, the antenna exhibits stable
gain characteristics across the three separate operating
bands of 3.0-3.3, 4.2-5.1, and 5.85-17.30 GHz.

1.2 3 4 5 ¢

Fig. 5. Fabricated antenna attached with a SMA connector.
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The H-plane radiation patterns of the antenna at four dif-
ferent frequencies of 3, 6, 9, and 12 GHz are shown in Fig. 8,
respectively. It is observed that quasi-omnidirectional pattern
in the H-plane is obtained at the entire band. Furthermore,
cross-polarizations of the radiation patterns in H-plane are
smaller at lower frequencies of 3 and 6 GHz, respectively,
while cross-polarizations are larger at 9 and 12 GHz, respect-
ively. As a result, the differences between co-polarizations and
cross-polarizations are larger than 20.0 dBi at lower frequen-
cies, and the differences between co-polarizations and
cross-polarizations are approximately 10.0 dBi at higher fre-
quencies. It shows that good H-plane cross-polarizations are
obtained at lower frequencies for the antenna. The E-plane
radiation patterns of the antenna at frequencies of 3, 6, 9,
and 12 GHz are illustrated in Fig. 9, respectively. It is observed
that the E-plane radiation patterns have two main beams in
the broadside direction (—75°, 75°) and (105°, 255°), which
exhibit monopole-like patterns in the E-plane. Furthermore,
it is observed that the E-plane radiation patterns at 9 and
12 GHz are not symmetrical compared to the lower

0-
as]
‘U—
g
8 .20
=
2
=
o
ol
30 4
- — —Measured
—Simulated
_40 T I T T T T T 1
2 4 6 8 10 12 14 16 18
Frequency,GHz
Fig. 6. Measured and simulated return loss of the proposed antenna.
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Fig. 7. Realized gain-frequency characteristic curve of the proposed antenna.

frequencies. It is because that the E-plane radiation patterns of
the antenna are quite similarly to the typical printed monopoles.
The E-plane radiation patterns are almost symmetrical in the
lower bands, while it is directional at the higher bands, which
is caused by the antenna structure radiating more electromag-
netic waves at higher frequencies. In addition, the E-plane cross-
polarizations are also small over all operating frequencies. As a
result, the differences between co-polarizations and cross-
polarizations in E-plane are larger than 20.0 dBi, which shows
the antenna has good radiation patterns in the E-plane.

Group delay refers to a phase difference caused by different
signal frequency components transmitting in the same
medium because of the existence of the distribution
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parameters. It is defined as the negative derivative of the
phase and angular frequency.

_ dd(w)
=T do ’ ()

where 7is group delay, ¢(w) is the phase, and w is the angular
frequency. Group delay represents the degree of distortion of
pulse signal, which is an important performance parameter for
UWRB antenna design. As shown in Fig. 10, it can be observed
that the variation of group delay is less than 1.0 ns at all oper-
ating frequencies of 3.04-17.30 GHz except for two notched
bands. Therefore, the proposed antenna has very lower
group delay. Especially at around 3.30 and 5.10 GHz, the
larger fluctuations of group delay are also observed. The
larger fluctuations are caused by the two band-stop filters
mentioned above. Furthermore, the group delays are negative
delays caused by forward distortion of the phase at around
3.30 GHz, while group delays are positive delays caused by
backward distortion of the phase at around 5.10 GHz.

The antenna efficiency is also an important parameter for all
antenna design besides UWB antenna, which is equal to the radi-
ation efficiency minus the return loss [7]. The efficiency of the
antenna has a minimum value of 84.2% and a maximum value
of 94.1% within the frequency range from 3.04 to 17.30 GHz.
The average efficiency of the antenna is approximately 92.3%.

VI. CONCLUSION

In this paper, a novel compact UWB planar antenna with
dual-notched bands has been proposed and discussed. The
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Fig. 8. H-plane radiation patterns of the proposed antenna: (a)3 GHz, (b)6 GHz, (c)9 GHz, and (d)12 GHz.
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Fig. 9. E-plane radiation patterns of the proposed antenna: (a)3 GHz, (b)6 GHz, (c)9 GHz, and (d)12 GHz.

characteristics of the proposed antenna have been investigated
numerically and justified experimentally. Dual notched bands
are realized using a U-shaped slot and a parasitic circular ring
strip in a rectangular radiating patch. Furthermore, the band-
width of the proposed antenna can be further broadened by
embedding a rectangular slit and two identical inverted-L
slots in a defected ground plane. As a result, the proposed
antenna presents not only dual-notched bands of 3.30-4.20
and 5.10-5.85 GHz, but also a very wide bandwidth range
from 3.04 toiy.30 GHz. In addition, the proposed antenna
has a relatively high gain at all operating frequencies except
for the dual-notched bands. Especially, the proposed
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Fig. 10. Group delay time of the proposed antenna.
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antenna has nearly omnidirectional radiation patterns in
the H-plane and monopole-like radiation patterns in the
E-plane. Therefore, the proposed antenna can meet the
requirements of wireless UWB communication applications.
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