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Abstract A proposed circular patch antenna with notch-
cut fed by a simple microstrip line is described in this
paper. It is designed for ultra-wideband (UWB) wireless
communications and applications over the band 3.1–10.6
GHz. This antenna consists of a circular patch with notch-
cut fed by a microstrip line, one transition step, and a
partial ground plane. The 2:1 voltage standing wave ratio
(VSWR) bandwidth (S11< – 10 dB) of the proposed
antenna covers the entire UWB application range specified
by Federal Communications Commission (FCC) that is
from 3.1 to 10.6 GHz. The proposed antenna is able to
achieve an impedance bandwidth about 8.6 GHz (2.4–
11 GHz). The return loss, VSWR, radiation pattern,
radiation efficiency, gain, group delay, and current
distribution of the proposed antenna are included in this
paper. The simulation results and proposed antenna design
details are presented by CST Microwave Studio.

Keywords ultra-wideband antennas, patch antenna, cur-
rent distribution, microstrip feed line, group delay

1 Introduction

In 2002, the Federal Communications Commission (FCC)
allowed ultra-wideband (UWB) communications operating
in the band of 3.1–10.6 GHz with a – 10 dB bandwidth
greater than 500MHz. One of the key issues in UWB
communications is the design of a compact antenna while
providing wideband characteristics over the whole operat-
ing band. Due to the rapid development of such UWB
system, a great deal of attention is being given for the
designing of the UWB antennas. This is quite challenging
in satisfying the requirement of the UWB, such as ultra-
wide impedance bandwidth, omni-directional radiation

pattern, constant gain, high radiation efficiency, constant
group delay, low profile, and easy manufacturing [1].
Various antenna configurations include planar monopole
antenna, slot antennas and dipoles have been used. Among
several antennas, the planar slot antennas are more
interesting and promising for their simple structure, easy
fabrication, and wide impedance bandwidth. In recent
time, the coplanar waveguide fed slot antenna attracted
great deal of attention due to its advantages, such as lower
profile wide-bandwidth and easy fabrication [2].
Printed antennas offer low cost, light weight, and ease of

implementation. These features are desirable for both
indoor and outdoor handheld UWB antennas and many
microwave applications. Several shapes and designs of
UWB antennas, such as square, circular, pentagonal,
hexagonal, elliptical, and trapezoidal shape, have been
proposed to satisfy UWB specifications [3,4]. In these
antennas, several bandwidth enhancement techniques are
used to have a continuous UWB bandwidth. These
techniques include adjusting the gap between radiating
element and ground plane [5], a double feed [6], a beveling
radiating element [7], and a beveling ground plane [8].

2 Antenna configuration

Figure 1 shows the configuration of the proposed UWB
antenna, which consists of a circular patch with notch-cut
fed by a microstrip line, one transition step, and a partial
ground plane. The patch antenna, which has radius (r) of
10 mm is printed in the front of substrate FR4 of thickness
of 1.5 mm, relative permittivity of 4.43, and loss tangent of
0.02. The dimension of the substrate is 42 mm � 50 mm
and the dimension of the ground plane is chosen to be 42
mm � 19.6 mm in this work. The parameters of the
proposed antenna structure are illustrated in Table 1.
The design dimensions of the proposed antenna are

obtained using CST Microwave Studio. To design the
UWB antenna, three techniques have been applied to the
proposed antenna: i) a partial ground plane, ii) a notch-cut
on the patch, and iii) a transition step. By selecting these
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parameters, the proposed antenna can be tuned to operate
in the 2.4–11 GHz frequency range.

3 Simulation results and discussion

The proposed antenna was simulated in CST Microwave
Studio which is based on finite integration technique (FIT)
(http://www.cst.com/content/products/mws/FIT.aspx).
The simulated return loss and voltage standing wave

ratio (VSWR) of the proposed antenna are shown in Figs. 2
and 3, respectively, which clearly indicate that the
impedance bandwidth of the antenna is 8.6 GHz (2.4–
11 GHz) for a return loss (S11) less than – 10 dB
(VSWR< 2).
The fractional bandwidth of the proposed antenna (BW)

has been found by using the following equation [9]:

BW ¼ f2 – f1
ffiffiffiffiffiffiffi

f2f1
p � 100%,

Fig. 1 Geometry of the proposed antenna. (a) Front view; (b) back view; (c) 3D view
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where f1 and f2 are the lowest and highest frequencies at
which the S11 is under 10 dB level. From the equation
above, the fractional bandwidth of the proposed antenna is
167.4%.

Figure 4 shows the amplitude surface current distribu-
tions of the proposed antenna at 4, 6, 9, and 11 GHz, and
from these figures, it can be seen that the current
distributions on the surface of the antenna at 4, 6, 9, and
11 GHz equal to 35.4, 46.8, 51.1, and 35.8 A/m,
respectively.
The computed radiation characteristics of the proposed

antenna at 4, 6, 9, and 11 GHz within the impedance
bandwidth obtained have also been studied. Figures 5, 6,
and 7 show the power pattern of the proposed antenna in
xz-plane, yz-plane, and xy-plane, respectively, where the
antenna is placed in the xy-plane. Good omni-directional
patterns in xy-plane, yz-plane, and xz-plane have been
obtained. For achieving the pattern of xy-plane, θ has been
set as 90º for all values of φ. Similarly, to show the trend of
radiations in yz-plane, φ has been set as 90º for all values of
θ; and to have radiation trend in xz-plane, all values of θ are
focused for φ = 0º.
Figure 8 shows the peak gain of the proposed antenna in

a frequency range (2.4–11 GHz) and the gain variations are
less than about 6.477 dBi.
Figure 9 shows the radiation efficiency of the proposed

antenna in a frequency range (2.4–11 GHz). Good

Table 1 Structure parameters of the antenna

parameter value/mm

Ws 42

Ls 50

Wg 42

Lg 19.6

Wf 2.8

Lf 20

r 10

Wn1 10

Ln1 12

Wn2 3.5

Ln2 4

Wts 0.75

Lts 0.75

Fig. 2 Simulated return loss (S11) of the proposed UWB antenna

Fig. 3 Simulated VSWR of the proposed UWB antenna
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Fig. 4 Simulated amplitude surface current distribution of the proposed UWB antenna at (a) 4 GHz; (b) 6 GHz; (c) 9 GHz; and
(d) 11 GHz

Fig. 5 Power pattern of the proposed antenna in xz-plane at (a) 4 GHz; (b) 6 GHz; (c) 9 GHz; and (d) 11 GHz
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Fig. 6 Power pattern of the proposed antenna in yz-plane at (a) 4 GHz; (b) 6 GHz; (c) 9 GHz; and (d) 11 GHz

Fig. 7 Power pattern of the proposed antenna in xy-plane at (a) 4 GHz; (b) 6 GHz; (c) 9 GHz; and (d) 11 GHz
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radiation efficiency has been obtained for the proposed
antenna and it is more than 70%.
Group delay is another important criterion to determine

the performance of UWB antenna. The antenna should be
able to transmit the electrical pulse with minimal

distortion. The calculated group delay of the proposed
antenna is portrayed in Fig. 10. The variation is less than 1
ns over the frequency band from 3.1 to 10.6 GHz. It shows
that the antenna has low-impulse distortion and is suitable
for UWB applications.

Fig. 8 Simulated gain of the proposed UWB antenna

Fig. 9 Simulated radiation efficiency of the proposed UWB antenna

Fig. 10 Simulated group delay of the proposed UWB antenna

Fawwaz Jinan Jibrael JABRI. New compact UWB microstrip-fed printed planar antenna for wireless applications 379



4 Conclusion

The design of the proposed UWB antenna based on a
circular patch with notch-cut, one transition step, and a
partial ground plane is presented. The obtained results
show good performance in terms of radiation patterns,
gain, radiation efficiency, and size. The antenna has a
frequency band of 2.4 to 11 GHz for VSWR less than 2.0
(S11< –10 dB). The proposed antenna also has a maximum
gain equal to 6.477 dBi and a group delay time less than 1
ns. Thus, it can be concluded that the achieved bandwidth
meets the UWB requirements.

References

1. FCC NEWS (FCC 02-48). New public safety applications and

broadband internet access among uses envisioned by FCC authoriza-

tion of ultra-wideband technology. FCC News release, 2002, Feb. 14

2. Ghavami M, Michael L B, Kohno R. Ultra Wideband Signals and

Systems in Communication Engineering. New York: John Wiley &

Sons, 2004

3. Huang C Y, Hsia W C. Planar elliptical antenna for ultra-wideband

communications. Electronics Letters, 2005, 41(6): 296–297

4. Su S W, Wong K L, Tang C L. Ultra-wideband square planar

monopole antenna for IEEE 802.16a operation in the 2–11-Ghz band.

Microwave and Optical Technology Letters, 2004, 42(6): 463–466

5. Floc’h J M, Desclos L. Surface-mounted monopole antenna.

Microwave and Optical Technology Letters, 1997, 16(6): 349–352

6. Antonino-Daviu E, Cabedo-Fabres M, Ferrando-Bataller M, Valero-

Nogueira A. Wideband double-fed planar monopole antennas.

Electronics Letters, 2003, 39(23): 1635–1636

7. Ammann M J, Chen Z N. Wideband monopole antennas for multi-

band wireless systems. IEEE Antennas and Propagation Magazine,

2003, 45(2): 146–150

8. Wang W, Zhong S S, Chen S B. A novel wideband coplanar-fed

monopole antenna. Microwave and Optical Technology Letters,

2004, 43(1): 50–52

9. Lotfi Neyestanak A A. Ultra wideband rose leaf microstrip patch

antenna. Progress in Electromagnetics Research, 2008, 86: 155–

168

380 Front. Electr. Electron. Eng. 2012, 7(4): 374–380


	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9


