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Abstract—
This
paper
presents
a
shorted planar quasi semicircular monopole antenna (SPQSMA)
for wideband wireless communication application. The shorting
strip reduces the size of the antenna. A modified CPW feed is
designed to match with 50Ω input impedance. Simulations have
been performed to investigate the different characteristics of the
antenna. This antenna has desirable characteristics such as very
wide dual band (865 MHz to 1.42 GHz and 2.17 GHz to 20 GHz),
low cost, ease of manufacture, compact size, bidirectional
radiation pattern. The magnetic field distribution of the antenna
is shown and a slot of semicircular shaped is introduced at the
centre of radiator to reduce the weight, volume and cost of the
antenna. The proposed antenna is suitable specially for GSM
band and ultrawideband (UWB) applications.
Index Terms—shorting strip, dual band, CPW, ultrawideband

I. INTRODUCTION
The wideband antennas such as PICA, vivaldi, volcano,
log-periodic, spirals and so on have been developed for
wireless communication related applications [1-3]. The
planar monopole antenna can be formed with different shapes
such as circle, square, elliptical, bow tie, trapezoidal,
hexagonal and pentagonal [3-8]. Also many non planar metal
antennas are reported for wideband application [9-10].
The study of planar circular monopole antenna has been
reported [11-14]. In this paper a newly designed shorted
planar quasi semicircular monopole antenna (SPQSMA)
yields dual band characteristic and compact size. The
proposed antenna can cover -10 dB return loss from 865 MHz
to 1.42 GHz and 2.17 GHz to 20 GHz. The ground and feed
section are in the same plane that makes the antenna
completely planar wideband metal antenna.

The antenna factor which characterizes the reception
properties of the antenna in Electromagnetic compatibility
(EMC) applications is analyzed. The surface current
distribution brings the idea to cut slot at the centre of radiator.
As a result the weight, volume and cost of the antenna are
greatly reduced. Bidirectional radiation pattern makes the
antenna suitable for repeater application and this antenna can
be used as wearable antenna.
II. ANTENNA DESIGN
The geometry of the shorted planar quasi semicircular
monopole antenna (SPQSMA) is shown in Fig. 1. This
antenna is made by a 0.8 mm thick copper plate and the
surrounded ground plane consists of the same copper plate.
Here a modified CPW feed is designed to match with 50Ω
input impedance line. First a planar quasi semicircular
monopole antenna (PQSMA) is designed and then a shorting
strip with optimized position and width is added to reduce the
size of the antenna. All dimensions of the optimized antenna
are shown in Fig. 1. The design of proposed planar metal
antenna modifies many reported non planar wideband metal
antennas [9-10]. The design formula of the proposed antenna
has not been developed yet, but the concept of design is taken
from the study of reported planar monopole antennas [1-14].

This antenna provides bidirectional radiation pattern rather than reported
omni-directional radiation pattern in azimuth plane [1-6]. The absolute value
of gain varies from 1.149 dB to 9.1 dB in the operating frequency band. The
signal distortion analysis [13] has been performed by transfer function and
group delay.
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Fig. 1 Geometry of SPQSMA: L1= 96 mm, L2 = 130 mm, L3 =
25 mm, L4 = 20 mm, W1 = 4 mm, W2 = 1 mm, S1 = 10 mm, S2
= 8 mm, S3 = 8 mm, S4 = 10 mm, S5= 10 mm, S6 = 1.5 mm, R
= 50 mm
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III. SIMULATED RESULTS
The return loss characteristic for PQSMA and SPQSMA is
shown in Fig. 2(a). The shorting strip shifts the lower
operating frequency to lower side which indicates the size
reduction of the antenna. The zoom part for marked portion of
Fig. 2(a) is shown in Fig. 2(b) for better visualization. The
lower operating frequency of PQSMA and SPQSMA are at
1.198 GHz and 865 MHz respectively which implies almost
28% size reduction of the proposed antenna. The operating
frequency band of the SPQSMA ranges from 865 MHz to
1.42 GHz and 2.17 GHz to 20 GHz. Actually due to the
shorting strip, we get an additional GSM band which is the
most important characteristic of the proposed antenna.

Fig. 3 Design of the proposed CPW line

Fig. 4 Return loss characteristic of the antenna for
different values of W2
The proposed antenna provides bidirectional radiation
pattern in E and H plane over the operating frequency band.
The far field radiation pattern at Φ = 00 and Φ = 900 for
different frequencies at 1 GHz, 7.5 GHz and 15.5 GHz of
SPQSMA is shown in Fig. 5. The far field radiation pattern at
θ = 900 is shown in Fig. 6 which demonstrates this pattern is
bidirectional.

(a)

Fig. 5 Farfield radiation pattern at frequencies 1GHz, 6.5
GHz and 18 GHz for (a) Φ = 00 Pand (b) Φ = 900
(b)
Fig. 2 (a) Simulated return loss vs. frequency of PQSMA and
SPQSMA and (b) enlarged marked part of Fig. 2 (a)
Actually such shorting strip at the top of antenna provides
inductive loading which increases the effective length of the
antenna and it shifts the lower operating frequency to the
lower side.
The modified CPW line is designed to feed the antenna as
shown in Fig. 3. The air gap (W2) between centre conductor
and ground of the CPW line takes a vital role to achieve
wideband. The return loss characteristic of the antenna for
different values of W2 is shown in Fig. 4 and from this curve
the optimized value of W2 is 1 mm.
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Fig. 6 Far field radiation pattern at frequencies 1 GHz,
6.5 GHz and 18 GHz for θ = 900
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The variation of absolute gain at Φ = 900 plane is shown in
Fig. 7. This gain of SPQSMA ranges from 1.149 dB to 9.1 dB
in the operating frequency band.

shown in Fig. 10. At the lower side frequency the phase
response varies nonlinearly which is good agreement with the
plot of GD.

Fig. 7 Variation of maximum gain vs. frequency of
SPQSMA
This computed gain can be used to calculate antenna factor
(A.F) of the antenna.

Fig. 10 Variation of phase response vs. frequency of SPQSMA

A.F = 20 log( 9.73 ) dB/m
 G
Where, G = gain of antenna, λ = wavelength
The antenna factor(AF) almost monotonically increases
with frequency in the operating frequency band as shown in
Fig. 8 and it indicates this antenna can be used as an EMI
Sensor.

The H field distribution of the antenna is shown in Fig. 11.
From this curve it is clear surface current dominates at the
feed section and outer conductor. So the design of feed
section is very important to achieve wideband. The
concentration of surface currents are less at the centre of
radiator and this idea further reduce the weight, volume and
cost of the antenna by cutting a slot at the centre of radiator
without degrading its characteristics. The geometry of the
antenna with semicircular shaped hole at centre is shown in
Fig. 12. The return loss characteristic of the antenna for R =
35mm is shown in Fig. 13. This plot shows the introduction of
hole at the centre of radiator does not degrade significantly.

Fig. 8 Variation of AF vs. frequency of SPQSMA
Group delay (GD) describes the phase response of the
transmitted signal. Constant and variation of GD means linear
and non linear variation of phase of the transmitted signal
respectively. So variation of GD for SPQSMA gives the
signal distortion characteristic as shown in Fig. 9.

Fig. 11 H field distribution of the antenna

Fig. 12 Geometry of the proposed antenna with slot
Fig. 9 Variation of group delay vs. frequency of SPQSMA
The variation of phase response of the transfer function is
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A CPW feed is designed to match with 50Ω input impedance
line. Also a shorting strip is used to reduce the size of the
antenna. Also the semicircular shaped slot reduces the weight,
volume and cost of the antenna. The proposed antenna is a
completely planar metal antenna that modifies many reported
non planar metal antenna.
REFERENCES
[1]

[2]

Fig. 13 Return loss characteristic of the proposed antenna
with slot
[3]

IV. MEASURED RESULT
The photograph of the fabricated antenna is shown in Fig.
14. The simulated and measured return loss characteristic of
the antenna upto frequency 8.5 GHz is shown in Fig. 15 due
to the frequency limitation of the Agilent E5071B Vector
Network Analyzer (VNA). The simulated and measured
return loss agrees well.

[4]

[5]

[6]

[7]

[8]

[9]

Fig. 14 Photograph of the fabricated SPQSMA

[10]

[11]

[12]

[13]

Fig. 15 Simulated and measured return loss characteristic of
SPQSMA
V. CONCLUSION
The proposed SPQSMA provides dual band characteristic
with smaller size. The bidirectional radiation pattern and
other acceptable characteristics demonstrate that this antenna
can be used in various wireless communication applications.

[14]

353

Seong-Youp Suh, Stutzman, W.L., Davis, W.A., “A new
ultrawideband printed monopole antenna: the planar inverted cone
antenna (PICA),” Antennas and Propagation, IEEE Transactions on,
Volume:
52,
Issue:
5
Digital
Object
Identifier:
10.1109/TAP.2004.827529, Publication Year: 2004, pp. 1361 – 1364.
Li Tianming, Rao Yuping, Niu Zhongxia, “Analysis and Design of
UWB Vivaldi Antenna,” Microwave, Antenna, Propagation and EMC
Technologies for Wireless Communications, 2007 International
Symposium
on,
Digital
Object
Identifier:
10.1109/MAPE.2007.4393685, Publication Year: 2007, pp. 579 –
581.
Junho Yeo; Yoonjae Lee; Mittra, R.; “Design of a wideband planar
volcano-smoke slot antenna (PVSA) for wireless communications,”
Antennas and Propagation Society International Symposium, 2003.
IEEE Volume: 2, Digital Object Identifier: 10.1109/APS.2003.1219321, Publication Year: 2003, pp. 655 – 658.
Agarwall, N. P., Kumar G., and Ray K. P., “Wide-Band Planar
Monopole Antennas,” IEEE Trans. Antennas Propagation, Vol. 46,
No. 2, 1998, pp. 294 – 295.
Sharma, M.M., Shrivastava, V., “Printed fractal elliptical monopole
antenna for UWB application”, Recent Advances in Microwave
Theory and Applications, 2008. MICROWAVE 2008. International
Conference on Digital Object Identifier: 10.1109/AMTA.2008.
4763208, Publication Year: 2008, pp. 374 – 376.
Chen, Z.N., Ammann, M.J., Chia, M.Y.W., See, T.S.P.; “Annular
planar monopole antennas,” Microwaves, Antennas and Propagation,
IEE Proceedings, Volume: 149, Issue: 4, Digital Object Identifier:
10.1049/ip-map:20020701, Publication Year: 2002, pp. 200 – 203.
Evans, J.A., Amunann, M.J., “Planar trapezoidal and pentagonal
monopoles with impedance bandwidths in excess of 10:1,” Antennas
and Propagation Society International Symposium, 1999. IEEE,
Digital Object Identifier: 10.1109/APS.1999.788241, Issue Date: Aug
1999, vol.3, pp. 1558 – 1561.
Zhi Ning Chen, “Impedance characteristics of planar bow-tie-like
monopole antennas,” Electronics Letters, Volume: 36, Issue: 13,
Digital Object Identifier: 10.1049/el: 20000816, Publication Year:
2000, pp. 1100 – 1101.
Tipsawate, T., Phongcharoenpanich, C., Kosulvit, S., “A wideband
bidirectional antenna using truncated circular sector fed by rectangular
monopole,” Electrical Engineering/ Electronics, Computer,
Telecommunications and Information Technology, 2009. ECTI-CON
2009. 6th International Conference on, Volume: 02 Digital Object
Identifier: 10.1109/ECTIC- ON.2009.5137163, Publication Year:
2009, pp. 782 – 785.
Lamultree, S., Phongcharoenpanich, C., Torrungrueng, D., “Design of
UWB Bidirectional Rectangular Ring Antenna Fed by Stepped
Monopole,” Microwave Conference, 2007. APMC 2007. Asia-Pacific,
Digital Object Identifier: 10.1109/APMC.2007.4555121, Publication
Year: 2007, pp. 1 – 4.
G. P. Gao, M. Li, S.F., Niu, X. J. Li; B. N. Li, “Study of a novel
wideband circular slot antenna having frequency band-notched
function,” Progress In Electromagnetics Research, volume: 96, 2009,
pp. 141-154.
Jianxin Liang, Chiau, C.C., Xiaodong Chen, Parini, C.G., “Study of a
printed circular disc monopole antenna for UWB systems,” Antennas
and Propagation, IEEE Transactions on, Volume: 53, Issue: 11, Digital
Object Identifier: 10.1109/TAP.2005.858598 Publication Year: 2005,
pp. 3500-3504.
Qi Wu, Jin, R., Geng, J., “Ultra-wideband quasi-circular monopole
antennas with rectangular and trapezoidal grounds,” Microwaves,
Antennas & Propagation, IET, Volume: 3, Issue: 1, Digital Object
Identifier: 10.1049/iet-map: 20070215, Publication Year: 2009, pp. 55
- 61.
Mondal S., P.P. Sarkar, “Wideband bidirectional planar shorted
circular monopole antenna, ” 2nd International conference on
computer, control, communication and information Technology
(C3IT), Procedia Technology, Vol-4, 2012, pp. 421-426.

International Journal of Soft Computing and Engineering (IJSCE)
ISSN: 2231-2307, Volume-2, Issue-6, January 2013
S. Mondal obtained his M.E. from Jadavpur University in
the year 2011. He earned his B.Tech in Electronics &
Telecommunication Engineering from Kalyani Govt.
Engineering College, in the year 2009. He is presently
working towards his PhD at the Dept. of Engineering &
Technological Studies, University of Kalyani. His area of
interest includes Wideband Planar Antenna, Microstrip
Antenna, Wilkinson power divider.
S. Sarkar obtained his M.Tech from Kalyani Govt.
Engineering College in the year 2010. He earned his B.E in
Electronics & Telecommunication Engineering from
Bengal Engineering and Science University, Shibpur in
the year 2008. Also, he obtained his Diploma in
Electronics & Telecommunication Engineering from
M.B.C Institute of Engineering & Technology in the year
2005. He is presently working towards his PhD at the Dept. of Engineering &
Technological Studies, University of Kalyani as CSIR SRF. He an Associate
of the Institution of Engineers (India). His area of interest includes
Microstrip Antenna and Frequency Selective Surfaces.
Srija De obtained her M.Tech from Jadavpur University in
the year 2011. She earned her M.Sc in Electronics Science
from Pt.R.S.S.University, Raipur in the year 2009. Also,
she obtained her B.Sc in Physics Hons. from Calcutta
University in the year 2007. She is presently working
towards her PhD at the Dept. of Engineering &
Technological Studies, University of Kalyani. Her area of interest includes
Microstrip Antenna, Frequency Selective Surfaces and Artificial Neural
Network.
P. Samaddar obtained her M.tech in Communication from
the Department of Engineering and Technological Studies
in University of Kalyani in the year 2010. She completed
her B.Tech in Electronics and Instrumentation from the
same dept. in University of Kalyani. She is presently
working towards her PhD at the same dept in University of
Kalyani as URS. She an Associate of The Institution of
Engineers (India). Her area of interest includes Frequency Selective Surfaces
and Artificial Neural Network.
Dr. Sunandan Bhunia obtained his B.Tech, M.Tech
from institute of Radiophysics and Electronics, Calcutta
University in 2002 and 2004 respectively. He obtained
PhD degree in engineering from Jadavpur University in
2009. He was awarded gold medal from Vidyasagar
University for 1st class 1st in Physics (H) in 1999. He is
currently working as Associate professor and Head,
Department of Electronics and Communication Engineering, Haldia
Institute of Technology, Haldia, under WBUT. He has published about 23
research article in reputed international & national journal and conferences.
His area of research interest includes, Microstrip Antenna, Microstrip Filter,
and Frequency Selective Surfaces. He is the member of ChieTechnical
Advisory Board of International Journal of Soft Computing and Engineering
(IJSCE) & International Journal of Engineering and Advanced Technology
(IJEAT). Advisory Board Member of International Journal of Computer
Technology and Electronics Engineering (IJCTEE). Editorial Board
Members of International Journal of Wired and Wireless Technology (RG),
Members of Scientific Committees and Editorial Review Boards of World
Academy of Science, Engineering and Technology, Chief Technical
Advisory Board member of International Journal Recent Technology and
Engineering (IJRTE)
Dr. Partha Pratim Sarkar obtained his Ph.D in
Engineering from Jadavpur University in the year 2002.
He has obtained his M.E. from Jadavpur University in the
year 1994. He earned his B.E. degree in Electronics and
Telecommunication
Engineering
from
Bengal
Engineering College (Presently known as Bengal
Engineering and Science University, Shibpur) in the year
1991. He is presently working as Senior Scientific Officer (Professor Rank)
at the Dept. of Engineering and Technological Studies, University of
Kalyani. His area of research includes Microstrip Antenna, microstrip Filter,
Frequency Selective Surfaces and Artificial Neural Network. He has
contributed to numerous (more than 110 publications) research articles in
various journals and conferences of repute. He is a life fellow of IETE, and
fellow of IE (India).

354

