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Novel dual-band multistrip monopole
antenna with defected ground structure for
WLAN/IMT/BLUETOOTH/WIMAX
applications

JASWINDER KAURI, RAJESH KHANNA' AND MACHAVARAM KARTIKEYAN”

In the present work, a novel multistrip monopole antenna fed by a cross-shaped stripline comprising one vertical and two
horizontal strips has been proposed for wireless local area network (WLAN)/Industrial, Scientific, and Medical band
(ISM)/International Mobile Telecommunication (IMT)/BLUETOOTH/Worldwide Interoperability for Microwave Access
(WiMAX) applications. The designed antenna has a small overall size of 20 X 30 mm®. The goal of this paper is to use
defected ground structure (DGS) in the proposed antenna design to achieve dual-band operation with appreciable impedance
bandwidth at the two operating modes satisfying several communication standards simultaneously. The antenna was simu-
lated using Computer Simulation Technology Microwave Studio (CST MWS) V9 based on the finite integration technique
(FIT) with perfect boundary approximation. Finally, the proposed antenna was fabricated and some performance parameters
were measured to validate against simulation results. The design procedure, parametric analysis, simulation results along
with measurements for this multistrip monopole antenna using DGS operating simultaneously at WLAN (2.4/5.8 GHz),

IMT (2.35 GHz), BLUETOOTH (2.45 GHz), and WiMAX (5.5 GHz) are presented.
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. INTRODUCTION

The rapid developments in the wireless communications
industry demand novel micro designs that can be used in
more than one frequency band. The most widely used
antenna on existing mobile telecommunication applications
is probably the standard monopole antenna [1]. In recent
years, the dual-band or multi-band antennas have received
much attention for applications to multimode communication
systems as these antennas are vital for integrating more than
one communication standards in a single compact system to
effectively promote the portability of a modern personal com-
munication system [2, 3]. The currently popular antenna
designs suitable for the applications of wireless local area
network (WLAN) and Worldwide Interoperability for
Microwave Access (WiMAX) have been reported [4-9]. The
traditional monopole antenna is inherently a narrow-band
structure. To enhance the impedance bandwidth, the
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monopole with different shapes is used. As reported in [10],
a simple microstrip stub served as the impedance matching
element and provided around 13% bandwidth enhancement
when compared with the traditional design. To realize much
wider bandwidth, additional stub could be added but the feed-
line becomes lengthy. In order to achieve multi-band oper-
ation, the traditional approach is to use multi-resonator
elements [11], which generally leads to a large volume
[12-14], or requires a large ground-plane [15]. In [4], Kuo
et al. proposed a dual-band double T-monopole antenna,
which achieves a certain miniaturization factor but with a
narrow bandwidth at the upper WLAN band.

In the present work, we proposed a new technique for
enhancing the impedance bandwidth of a multi-frequency
dual-band microstrip patch antenna. The proposed antenna
employs a multistrip-based geometry fed by a cross-shaped
stripline comprising one vertical and two horizontal strips
and a notable ground structure named defected ground struc-
ture (DGS). Defected ground structures or slotted ground
planes have been used to provide multi-band performance
in handset antennas [16-20]. The usage of DGS with double
microstrip stub feedline for size reduction, bandwidth
enhancement, and resonance mode increment has not been
addressed for antenna’s application yet. Parametric analysis
and optimization of the design parameters of proposed
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structure was conducted using commercial software,
Computer Simulation Technology Microwave Studio (CST
MWS) V9. A prototype of the proposed antenna design was
fabricated and tested for its performance in terms of band-
width, gain, and radiation pattern. The details of obtained
simulated and measured results are presented, analyzed, and
discussed.

I. MONOPOLE ANTENNA DESIGN

The antenna configuration of the proposed resonator structure
with DGS having dual-band operation covering several fre-
quency bands is shown in Fig. 1. For designing the proposed
antenna, the radiator and ground plane were etched on the
opposite sides of a printed circuit board (PCB) with a dielectric
constant of 4.4 and substrate thickness of 1.524 mm.

A cross-shaped stripline, which comprises a vertical strip
with dimensions of L, x W, and two horizontal strips with
dimensions of L, x W, and L; x W,, placed at distances
from the feed point of d, and d,, respectively, is used for
feeding the radiator. Horizontal strips were used to enhance
the available bandwidth for the upper band having a reson-
ance at 5.4 GHz. The rectangular patch that is the basic radia-
tor having the dimensions of L, x W, was protruded with
three vertical arms from the patch’s upper side. “Each of
these three arms that make the monopole patch resemble
like rotated E (III) have dimensions Ly x W,”. The solid rec-
tangular ground plane was made defected with slots of equal
dimensions, which were appropriately cut from the ground’s
left and right sides. These slots were introduced to improve
the impedance matching condition and radiation character-
istics of the proposed antenna. The overall size of ground
plane was taken to be L x W and each of the slots had a ver-
tical section of Ly, x W,, as well as a horizontal section of

Lg, x W,,. The slot was etched with a distance of d, from
the bottom of the ground and its vertical section has a distance
of Wy, from the ground side edge. A substrate of dimension
20 mm X 30 mm was used. A 50-{) line was used to feed
the patch for impedance matching.

A) Reflection coefficient and voltage standing
wave ratio (VSWR)

To investigate the performance of the proposed antenna con-
figuration, the commercially available simulation software,
CST MWS Vg based on finite integration technique (FIT) was
used for the required numerical analysis and to obtain the
proper geometrical parameters. To simulate the antenna transi-
ent solver was chosen. During simulation hexahedral mesh cell
with 20 lines per lambda was selected. The geometrical par-
ameters were adjusted carefully by running numerous parameter
sweeps and finally the optimal parameters for proposed con-
figuration were obtained as follows: L = 30 mm, W = 20 mm,
L=9mm, W,=28mm, L,=8mm, W,=1mm, L,=
6mm, W,=1mm, L, =10mm, W, =6 mm, L, =10 mm,
Wy =2mm, L,, = 4 mm, Wy, =2 mm, L, =18 mm, Wy, =
8 mm, W,; = 6 mm, d, = 5 mm, d, = 2 mm, and d; = 4 mm.

Figure 2 shows the simulated reflection coefficient (S,,) of
proposed antenna with the optimized parameters, which con-
firms dual-band operation at desired bands with reasonable
bandwidth. Two resonant bands at frequencies 2.385 and
5.4 GHz with bandwidths, defined for 10-dB reflection coeffi-
cient, of about 327 MHz (2.27-2.60 GHz) and 604 MHz
(5.24-5.85 GHz), respectively are obtained. The multistrip-based
geometry of a microstrip-fed monopole antenna with a cross-
shaped stripline was responsible for the resonance at 5.4 GHz
with a reflection coefficient of —44.4 dB covering the wide
upper band from s5.24to 5.85 GHz and a notable DGS created
a resonance at 2.385 GHz with a reflection coefficient of
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Fig. 1. Antenna configuration of the proposed antenna with defected ground structure.
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Fig. 2. Simulated reflection coefficient of proposed antenna showing bandwidths of 327 and 604 MHz at respective resonating frequencies of 2.385 and 5.4 GHz.

—20.8 dB covering the lower band from 2.27 to 2.60 GHz.
During the simulation a dip in the reflection coefficient
pattern at around 3.85 GHz was observed. This could be ascribed
to numerical convergence problem. Apparently, the above-
obtained bandwidths simultaneously cover the 2.4/5.8 GHz
WLAN, 2.35 GHz International Mobile Telecommunication
(IMT), 2.45 GHz BLUETOOTH, and 5.5 GHz WiMAX IEEE
standards.

Figure 3 represents the VSWR of the proposed antenna at
2.385 and 5.4 GHz frequencies. For an ideal match the VSWR
should be 1, which means no reflections. In our present case,
VSWR turns out to be 1.19 and 1.012 and the impedance trans-
formations ratio are 1:1.19 and 1:1.012 at 2.385 and 5.4 GHz,
respectively, which indicate that the antenna is very well
matched to a 50-{) line allowing maximum power to be
coupled through the line to antenna allowing for the best results.

B) Current distribution results

To explain more details on the excited resonant modes of
the proposed antenna, the simulated current distributions
at two resonant frequencies of 2.385 and 5.4 GHz are
shown in Figs 4(a) and 4(b) indicating that the defected
DGS was responsible for the resonance at 2.385 GHz and
microstrip-fed monopole antenna was responsible for

Voltage Standng Wave Ratio (VSWR)

resonance at 5.4 GHz. Furthermore, a cross-shaped stri-
pline comprising one vertical and two horizontal strips pre-
sented in Fig. 4(b) worked for enhancing the impedance
bandwidth for the upper band at 5.4 GHz covering
various WLAN/WiMAX standards.

C) Simulated reflection coefficient
without DGS

Figure 5 shows the simulated reflection coefficient (S,,) of
antenna without DGS. Two resonant bands at frequencies
2.385 and 5.4 GHz with bandwidths, defined for 10-dB reflec-
tion coefficient, of about 190 and 200 MHz, respectively, are
obtained. These bandwidths are sufficiently less than those
attained with DGS. This clearly shows the advantage of
using DGS in the proposed antenna design that how it is
responsible for bandwidth enhancement and resonance
mode increment at the two desired bands.

1. FABRICATION AND
MEASUREMENT RESULTS

The simulated antenna after detailed parametric analysis and
optimization was fabricated on a dielectric substrate named
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Fig. 3. VSWR of the proposed antenna at 2.385 and 5.4 GHz.
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Type Surface Current (peak)

Honitor h-field (F=2.385) [1]
Maximun-3d  31.7625 A/m at -2 7 -11 / -0.07
Frequency 2.385

Phase 315 degrees

Type Surface Current (peak)
Honitor h-field (f=5.4) [1]
Haximum-3d 47.2338 A/m At &4 / -11 /7 -0.07
Frequency 5.4

_Phase 270 degrees EE

(b)

Fig. 4. Surface current distributions of the proposed antenna at (a) 2.385 GHz and (b) 5.4 GHz bands.

Epoxy Glass-FR4 (&, = 4.4, tand = 0.0024, h = 1.524 mm) and
was studied experimentally. Available photolithography
method with wet-etching facility was adopted for fabrication
of the prototype antenna and its photograph is shown in
Fig. 6. After fabrication, the reflection coefficient of the
antenna was tested on Agilent E5071C vector network analyzer
and the radiation performance was measured in the Anechoic
Chamber at Millimeter Wave Laboratory, LLT-Roorkee,
India. The measured reflection coefficient against frequency
plot for this dual-band proposed antenna design covering mul-
tiple frequency bands is presented in Fig. 7.

Measured reflection coefficient of proposed MSA indicates
that two resonant modes at frequencies of 2.385 and 5.4 GHz
were obtained with reflection coefficient as —20.4 and
—43.2 dB, respectively. The measured impedance bandwidths
of the two distinct operating bands with 10 dB reflection coef-
ficient were about 240 MHz (2.3-2.54 GHz) and 590 MHz
(5.26-5.85 GHz). They are wide enough to cover the required

https://doi.org/10.1017/51759078713000858 Published online by Cambridge University Press

bandwidths of 2300-2400 MHz for IMT band, 2400-
2484 MHz for WLAN/Industrial, Scientific and Medical
band (ISM), 2400-2500 MHz for BLUETOOTH band,
2484-2491 MHz for Globalstar satellite phone uplink, 5250-
5850 MHz for WiMAX band and s5725-5825 MHz for
WLAN band/Intelligent Transport Systems (ITS) working in
the 5.8 GHz frequency band. The multistrip monopole
antenna fed by a cross-shaped stripline was responsible for
the resonance at 5.4 GHz and a notable DGS created a reson-
ance at 2.385 GHz. Two slots that were appropriately dis-
tracted from the ground’s left and right sides improved the
impedance matching condition and radiation characteristics
of the proposed antenna. A quite good agreement was seen
between the simulated and measured results for the proposed
antenna. A little shift in both the resonating bands was
observed during measurement, which could be attributed to
mismatching between the connector and the antenna feeder,
fabrication errors, interference, and noise.
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Simulated Return Loss without Defected Ground Structure (DGS)
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Fig. 5. Simulated reflection coefficient of antenna without the DGS showing bandwidths of 190 and 200 MHz at respective resonating frequencies of 2.385 and

5.4 GHz.

Fig. 6. Photograph of the proposed antenna.

Figures 8 and 9 depict the simulated and measured far-field
radiation patterns of the proposed antenna in both the
E-plane and H-plane at the operating frequency bands of

2.385 and 5.4 GHz. Because of the symmetry in structure,
rather symmetrical and very monopole-like radiation patterns
are seen in both the planes as depicted in the plots. The simu-
lated and measured radiation patterns in Figures 8 and 9 were
normalized for setting the maxima o dB. Reasonable good
agreement was found between the simulated and measured
values of radiation patterns in two distinct operating fre-
quency bands, which validate the proposed design. Some
slight differences between the simulated and measured field
patterns may be attributed to alignment error and possible
presence of interference and noise.

The simulated and measured gain curves for two operating
bands at 2.385 and 5.4 GHz are presented in Fig. 10. The
transmitter antenna was given 15 dBm power from the RF
power generator, and the distance between the transmitter
and the receiver was kept at 1.5 m. Gain was calculated

Comparison of simulated and measured results
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Fig. 7. Measured reflection coefficient of the proposed antenna.
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180
(b)

Fig. 8. Simulated (solid) and measured (dash) (a) E-plane radiation pattern
and (b) H-plane radiation pattern at 2.385 GHz.

using the substitution method with the help of the standard
calibrated horn antenna (reference antenna) working in the
range of 0.9-8 GHz. About 1-2 dB of difference in the simu-
lated and measured gains was observed, which could be attrib-
uted to fabrication and measurement errors.

I'vV. CONCLUSION

In this paper, dual-band operation of a multistrip monopole
antenna was presented, which could be suitable to cover
2300-2400 MHz for IMT band, 2400-2484 MHz for
WLAN/ISM, 2400-2500 MHz for BLUETOOTH band,
2484-2491 MHz for Globalstar satellite phone uplink, 5250-
5850 MHz for WiMAX band, and 5725-5825 MHz for
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Fig. 9. Simulated (solid) and measured (dash) (a) E-plane radiation pattern
and (b) H-plane radiation pattern at 5.4 GHz.

WLAN band/ITS working in the 5.8 GHz frequency band.
The microstrip line feeding method used in our design
enabled direct feeding of the structure without using compli-
cated impedance transformer or microstrip taper. The mono-
pole antenna fed by a cross-shaped stripline comprising one
vertical and two horizontal strips was responsible for the res-
onance at 5.4 GHz and a notable DGS created a resonance at
2.385 GHz. Obviously, both the multistrip-based geometry of
patch and DGS play a vital role in generating these two strong
resonating frequency bands. The fabricated prototype upon
measurement shows reasonable impedance bandwidths of
around 200 MHz (2.3-2.54 GHz) and 590 MHz (5.26-
5.85 GHz) in two operating bands, which actually exceed
the requirements of any WLAN/WiMAX application. Thus,
in the present study, it was observed that using such a new
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Fig. 10. Simulated (solid) and measured (dash) gains of the proposed antenna
at (a) 2.385 GHz and (b) 5.4 GHz.

technique of incorporating a multistrip patch and DGS in
antenna design, two distinct operating bands with an impe-
dance bandwidth of 10% from 2.3 to 2.54 GHz and a band-
width of 11% from 5.26 to 5.85 GHz can be achieved. Also,
appreciable gain and radiation characteristics have been
observed over the entire operating range. Hence, the proposed
design can be easily integrated to microwave circuits and com-
patible with monolithic microwave integrated circuit technol-
ogy for practical applications.

ACKNOWLEDGEMENT

The authors are grateful to Mr. J. Malik, Research Scholar,
LLT Roorkee, India, for his support.

REFERENCES

[1] Chen, H.M.: Microstrip-fed dual-frequency printed triangular
monopole. Electron. Lett., 38 (13) (2002), 619-620.

[2] Chiang, K.H; Tam, K.W.: Microstrip monopole antenna with
enhanced bandwidth using defected ground structure. IEEE
Antennas Wireless Propag. Lett., 7 (2008), 532-535.

[3] Anguera,]J. et al.: Advances in antenna technology for wireless hand-
held devices. Int. J. Antennas Propag., 2013 (2013), 1-25.

https://doi.org/10.1017/51759078713000858 Published online by Cambridge University Press

[4] Kuo, Y.L; Wong, K.L.: Printed double-T monopole antenna for 2.4/
5.2 GHz dual-band WLAN operations. IEEE Trans. Antennas
Propag., 51 (9) (2003), 2187-2192.

[5s] Malik, J.; Kartikeyan, M.V.: A stacked equilateral triangular patch
antenna with Sierpinski gasket fractal for WLAN applications.
Progr. Electromagn. Res. Lett., 22 (2011), 71-81.

[6] Malik, J; Kartikeyan, M.V.. Metamaterial inspired patch
antenna with L-shape slot loaded ground plane for dual band
(WiMAX/WLAN) applications. Progr. Electromagn. Res. Lett., 31
(2012), 35-43.

[7] Liu, W.C. et al.: Design of triple-frequency microstrip-fed monopole
antenna using defected ground structure. IEEE Trans. Antennas
Propag., 59 (7) (2011), 2457-2463.

[8] Li, F. et al.: Compact triple-band monopole antenna with C-shaped

and S-shaped meander strips for WLAN/WIMAX applications.
Progr. Electromagn. Res. Lett., 15 (2010), 107-116.

[9] Xiaodi, S.. Small CPW-fed triple band microstrip monopole
antenna for WLAN applications. Microw. Opt. Technol. Lett., 51

(3) (2009), 747-749.

[10] Pozar, D.M.; Kaufman, B.: Increasing the bandwidth of a microstrip
antenna by proximity coupling. Electron. Lett., 23 (8) (1987), 368-369.

[11] Ge, Y. et al.: Compact triple-arm multi-band monopole antenna, in
Proc. IEEE Int. Workshop: Antenna Technology Small Antennas and
Novel Metamaterials, 2006, 172-175.

[12] Dabhele, J.S. et al.: Dual frequency stacked annular ring microstrip
antenna. IEEE Trans. Antennas Propag., 35 (11) (1987), 1281-1285.

[13] Long, S.A; Walton, M.D.: A dual frequency stacked circular disk
antenna. IEEE Trans. Antennas Propag., 27 (2) (1979), 270-273.

[14] Sappan, A.: A new broadband stacked two layered microstrip
antenna. IEEE Trans. Antennas Propag., 21 (1983), 63-66.

[15] Tan, Y.M. et al.: A novel wideband antenna for dual band WLAN
application, in IEEE Int. Conf. Communication Systems (ICCS),
2010, 97-100.

[16] Abedin, M.E; Ali, M.: Modifying the ground plane and its effect on
planar inverted-F antennas (PIFAs) for mobile phone handsets. IEEE
Antennas Wireless Propag. Lett., 2 (2003), 226-229.

[17] Hossa, R. et al.: Improvement of compact terminal antenna perform-
ance by incorporating open-end slots in ground plane. IEEE Microw.
Wireless Compon. Lett., 14 (6) (2004), 283-285.

[18] Cabedo, A. et al.: Multi-band handset antenna combining a PIFA,
slots, and ground plane modes. IEEE Trans. Antennas Propag., 57
(9) (2009), 2526-2533.

[19] Anguera, J. et al.: Multi-band handset antenna with a parallel exci-
tation of PIFA and slot radiators. IEEE Trans. Antennas Propag.,
58 (2) (2010), 348-356.

[20] Picher, C. et al.: Multiband handset antenna using slots on
the ground plane: considerations to facilitate the integration of
the feeding transmission line. Progr. Electromagn. Res. C, 7
(2009), 95-109.

Jaswinder Kaur received her B Tech
and M Tech degrees in Electronics and
Communication  Engineering from
Punjab Technical University, Jalandhar
in 2005 and 2009, respectively. She is
currently working as a Lecturer at Elec-
tronics and Communication Engineer-
ing Department, Thapar University,
Patiala, Punjab, India. She is also pursu-
ing her Ph.D. from Thapar University, Patiala. Her research

i3

99


https://doi.org/10.1017/S1759078713000858

100

JASWINDER KAUR, RAJESH KHANNA AND MACHAVARAM KARTIKEYAN

interests include the analysis and design of microstrip patch
antennas and wireless communication. She has various publi-
cations, in national and international peer reviewed journals,
to her credit.

Dr. Rajesh Khanna received his B.Sc.
(Eng.) Degree in Electronics and Com-
munication in 1988 from the Regional
Engineering College, Kurukshetra,
Haryana, India and M.E. degree in
1998 from Indian Institute of Sciences,
Bangalore, India. Presently he is
working as a Professor and Head of
Department of Electronics and Com-
munication, Thapar University, Patiala, Punjab, India. He
has published 80 papers in national and international jour-
nals/conferences. He has research projects worth Rs 1.5
crore to his credits. His research interest includes the analy-
sis and design of antennas, wireless communication,
MIMO, and fractional Fourier transform-based wireless
systems.

https://doi.org/10.1017/51759078713000858 Published online by Cambridge University Press

Dr. Machavaram Kartikeyan is work-
ing as a Professor in Department of
Electronics and Computer Engineering,
Indian Institute of Technology, Roorkee,
Uttarakhand, India. He has completed
his masters and Ph.D. from BHU, Vara-
nasi, India. He has served as Research
Scientist at Central Electronics Engin-
eering Research Institute, Pilani, India
for the period 1989-2001. He has worked as research scientist
at Institut Fuer Hochleistungsimpuls, Germany from 2001 to
2003. He is an active member of various organizations includ-
ing IEEE (USA), IETE (India), IE (India), VEDAS (India), and
PSSI (India). He has published 60 papers in journals and 155
papers in conferences of national and international repute. He
has authored a book titled Gyrotrons-High Power Microwave
and Millimeter Wave Technology published by Springer-
Verlag, New York. He has received nearly of 3.5 crores as
grant from different agencies for carrying out projects related
to his area of interest. His research interest includes high-
power millimeter and THz wave engineering sources and,
computational electromagnetics, printed antennas, and MICs.


https://doi.org/10.1017/S1759078713000858

	Novel dual-band multistrip monopole antenna with defected ground structure for WLAN/IMT/BLUETOOTH/WIMAX applications
	INTRODUCTION
	MONOPOLE ANTENNA DESIGN
	Reflection coefficient and voltage standing wave ratio (VSWR)
	Current distribution results
	Simulated reflection coefficient without DGS

	FABRICATION AND MEASUREMENT RESULTS
	CONCLUSION
	ACKNOWLEDGEMENT


