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Multiband rectangular-shaped ring antenna
embedded with inverted S- and C-shaped
strips for WLAN/WiMAX/UWB

applications

DAVINDER PARKASH' AND RAJESH KHANNA”

This research work presents a microstrip-fed antenna that is small, low-profile, planar, and suitable for WLAN/WiMAX and
partially ultra-wideband (UWB) applications. The radiating element of the proposed antenna consists of rectangular-shaped
ring embedded with a three inverted “S”-shaped and inverted “C”-shaped strips. This antenna is capable of generating penta
bands having good impedance matching with wideband characteristics. Prototype of the proposed antenna has been designed,
simulated, fabricated, and tested. The overall small size of the antenna is 24.75 mm X 27.39 mm X 1.6 mm with volumetric
size of 1 ¢cm’. To understand the characteristics of the proposed antenna, the parametric studies are being performed.

The return loss of the proposed antenna shows fair agreement with the simulated and measured results.
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. INTRODUCTION

The rapid increase of communication standards such as
Wireless local area network (WLAN), Worldwide interoper-
ability for microwave access (WiMAX), UMTS, and ultra-
wideband (UWB) etc. leads to a great demand in developing
multiband internal antennas for wireless communication
devices [1]. Recently, the ability to integrate more than one
communication standard into a single system has become
an increasing demand for modern portable wireless commu-
nication devices, such as mobile phones and laptops [2].
Naturally, this directly impacts the required characteristics
of antennas that need to support dual- or multiband channels
transmission. Printed antennas have been paid great attention
in recent years because of their compact size, low profile, light
weight, and low cost [3]. A great quantities of printed anten-
nas for multiband or ultra-wideband operations have been
reported in the literature [1].

Recently, a considerable amount of researches have been
devoted to the development of UWB antenna for its enabling
high data transmission rates, low-power consumption, and
simple hardware configuration in wireless applications such
as radio frequency identification devices, sensor networks,
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radar, location-tracking system, and so forth. The UWB
antennas of such systems should have small size and wideband
properties [4]. The commercial application of the frequency
band from 3.1 to 10.6 GHz was approved by the Federal
Communication Commission (FCC) in America in 2002 [5].

For dual- or multiband operation, many promising planar
antenna designs with microstrip-line-fed in [1, 3, 6, 8, 9, 11]
and the coplanar waveguide (CPW)-feed in [2, 7, 10] have
been reported. In [3], the microstrip-fed modified broadband
T-shaped monopole antenna with three inverted U-shaped
slots with different sizes is suitable for Bluetooth, WiMAX,
and WLAN applications. A diamond-shaped patch with
several strips, suitable for UWB/Global positioning system
(GPS)/ Global system for mobile (GSM) applications, is pre-
sented in [8]. In [10], the CPW fed two umbrella printed wide-
band antennas are suitable for WLAN/WiMAX/UWB
applications.

In this investigation, a compact microstrip-fed rectangular-
shaped ring antenna embedded with three inverted “S”-
shaped and inverted “C”-shaped strips has been proposed to
achieve broader bandwidth covering some parts of WLAN
operations in 5.2 and 5.8 GHz frequency bands, WiMAX
operations in 3.5 and 5.5 GHz frequency bands and UWB
antenna ranges from 3.1 to 10.6 GHz with four band
notches. The parametric studies are performed to understand
the characteristics of the proposed antenna. The advantage of
the proposed antenna is that it is more compact than the
antennas reported so far [1, 2, 6, 9]. The proposed design
occupies a size of 24.75 X 27.39 X 1.6 mm? as compared to
combination of a half-disc patch and a rectangular patch,
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which occupies a large volume of 44.1 x 43 x 1.5 mm? [9].
The design of antenna structure, simulated results, and mea-
sured result has been presented in the following sections.
The simulated and measured results show that it can be
used for both partially UWB and WLAN/WIMAX
applications.

I. ANTENNA DESIGN

The geometry of the proposed multiband antenna for hetero-
geneous wireless communication applications is shown in
Fig. 1. The rectangular-shaped ring antenna is fed by a micro-
strip feed and is fabricated on a 1.6-mm-thick FR4 substrate,
having relative permittivity of 4.4 with copper cladding
on both sides of the substrate. The basic structure of the pro-
posed antenna is a T-shaped monopole with a trapezoidal
conductor-backed plane, which is responsible for generating
the upper frequency band of the proposed antenna. The
basic T-shape is extended to form the rectangular-shaped
ring, which is connected at the end by a 50-{) transmission
line of 3-mm wide with a length of 13.97 mm.

The basic radiating patch is a rectangular-shaped ring,
which has dimensions of length L and width W. A simple
rectangular-shaped conducting ground plane of width W,
and length L, is placed on the other side of the substrate.
The rectangular-shaped ring is embedded with three inverted
“S§”- and “C”-shaped strips, which produces the lower-
frequency bands. The widths of all the meandering strips
are equal in the proposed antenna. The optimized geometrical
parameters describing the proposed antenna are tabulated in
Table 1. The overall dimensions of the proposed antenna

are 24.75 mm X 27.4 mm X 1.6 mm with volumetric size of
approximately 1 cm?. The performance of the antenna has
been analyzed by using the method of moment-based
Zeland IE3D simulator. The photograph of the fabricated
prototype is shown in Fig. 2.

I, RESULTS AND DISCUSSION

The simulated return losses are presented for the optimized
set of antenna parameters in Fig. 3. From the simulated
results, it is apparent that a single antenna having five multiple
resonant frequencies with wide bandwidth are obtained.
The results has a 10-dB impedance bandwidth for the first
band ranging from 3.416 to 4.032 GHz, second band from
4.312 to 5.124 GHz, third band from 5.3 to 6.44 GHz,
fourth band from 8.036 to 10.78 GHz, and fifth band from
11.78 to 13.38 GHz. The proposed antenna has a broader
bandwidth covering the required bandwidths of the IEEE
802.11 WLAN standards in the bands at some parts of 5.2
GHz (5.150-5.350 GHz) and 5.8 GHz (5.725-5.825 GHz);
WiIiMAX standard in the bands at 3.5 GHz (3.4-3.690 GHz),
and 5.5 GHz (5.250-5.850 GHz); and partially UWB antenna
ranges from 3.1 to 10.6 GHz with four band notches. The imped-
ance bandwidth of the fourth and fifth band is about 4.34 GHz.
The fourth upper frequency band ranging from 8.036 to
10.78 GHz referred to the central frequency at 9.66 GHz.
Prototype of the proposed antenna is fabricated on sub-
strate and its return loss parameter is measured. A simple
setup based on a calibrated microwave vector network analyz-
er (VNA) was used to measure the return loss of the antenna
under test (AUT). In the measurement, the effects of system

Fig. 1. Geometry of the microstrip-fed proposed antenna. (a) Front view, (b) back view, and (c) dimensions of inverted “S”- and “C”-shaped strips.
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Table 1. Optimized parameters of the proposed antenna.

Parameters L w L, | Wy L, w, L, W,
Dimensions (mm) 10.78 8.8 12.58 27.4 3 1.78 0.9 1.89 1.12
Parameters L, w, L¢, Wer W, W, Wr, Ly g
Dimensions (mm) 2 1 1.37 5.1 0.5 13 12 10 1.78

s

(a) (b)

Fig. 2. Prototype of fabricated antenna. (a) Front view and (b) back view.
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Fig. 3. Simulated and measured return losses of the proposed monopole
antenna.

errors are eliminated using an Agilent VNA Nso071 with the
calibration technique. An SMA edge-launch connector was
soldered at the end of the AUT. During the measurements,
the patch antenna’s 50 () connector was connected to the
VNA’s port 1 by means of a low-loss 50 () coaxial test
cable. The VNA was used to evaluate the antenna’s perform-
ance from 2 to 14 GHz. The comparisons between simulated
and measured return losses for the proposed antenna are
shown in Fig. 3. From the measured results, it is examined
that the total five bands of prototype antenna are observed.

The penta bands are ranging from 3.6 to 4.1 GHz of the
first band, second band from 4.3 to 5.6 GHz, third band
from 5.8 to 6.73 GHz, fourth band from 7.34 to 10.5 GHz,
and fifth band from 12.1 to 12.9 GHz. It can cover the 5.15-
5.35 GHz, and 5.725-5.825 GHz frequency bands of WLAN
standard; and 3.4-3.69 GHz, and some parts of s5.25-
5.85 GHz frequency bands of WiMAX standard; and also
cover partially UWB standard band for the heterogeneous
wireless communication system. The summary of comparison
between simulated and measured return losses is presented in
Table 2.

The measured results of return loss were also compared
with the simulated ones obtained with the proposed antenna.
The agreement between measured and simulated result is
fair, and a similar curve trend for return loss between the mea-
sured and the simulated results is seen over the entire fre-
quency band and all bands are observed in the graph. In
measured result, there is a slight shift of frequency with a
small loss in the bandwidth. This discrepancy may be due to
slight dimensional errors in the fabrication process. It has
also been examined from the measured result that there is a
loss in the impedance bandwidth of fifth frequency band.

The effect of the basic “I”-shaped and rectangular-shaped
ring on the proposed antenna return loss with respect to
frequency is represented in Fig. 4. It can be seen from the
figure that the basic “T” shape with trapezoidal conductor-
backed plane is responsible for generating the upper frequency
band, which is formed by merging two upper frequency bands.
The rectangular-shaped ring is responsible for producing
triple frequency bands out of which two upper frequency
bands are nearly the same as in the case of the proposed
antenna and one lower-frequency band with increased band-
width. It has been observed from the result that second and
third lower-frequency bands are generated due to three
inverted “S”-shaped strips and inverted “C”-shaped strip in
the proposed antenna.

The effect of three inverted “S”-shaped strip on the pro-
posed antenna performance is shown in Fig. 5. It has been
observed from the results that by using inverted S,-shaped
strip with rectangular-shaped ring, instead of using it all
alone, quad bands can be generated in place of triple band.
It is also observed that overall impedance bandwidth of
antenna gets increased due to this extra lower-frequency
band. It is also observed from the simulation result that
when S,- and S,-shaped strips are inserted, the return loss
at 5.7 GHz is greatly increased resulting in an increase in
the impedance bandwidth from 1.372 to 1.932 GHz of the
two merged bands, i.e. second and third bands instead of

Table 2. Comparison between simulated and measured return losses.

Parameters First band (GHz) Second band (GHz) Third band (GHz) Fourth band (GHz) Fifth band (GHz)
Simulated results 3.4-4.032 4.312-5.124 5.3-6.44 8.036-10.78 11.78-13.38
Measured results 3.6—4.1 4.3-5.6 5.8-6.73 7.34-10.5 12.1-12.9
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Fig. 4. Effect of basic T-shaped and rectangular-shaped ring on impedance
bandwidth.
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Fig. 5. Effect of three inverted “S”-shaped strips on impedance bandwidth.
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Fig. 6. Effect of the inverted “C”-shaped strip on impedance bandwidth.
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Fig. 7. Current distribution at frequency 3.64 GHz.

solely the S,-shaped strip is present. It is also observed from
the simulation result that inverted “C”-shaped strip is respon-
sible for generating second lower-frequency band as shown in
Fig. 6. The overall impedance bandwidth of the proposed
antenna is improved.

The current distribution at resonant frequency of 3.64 GHz
is depicted in Fig. 7. It shows that the current intensity is im-
portant along the inverted “S,”-, “S,”-, and “C”-shaped strips
and also along the inner and outer parts of the rectangular-
shaped ring of the proposed antenna, which is responsible
for generating lower-frequency bands. The current distribu-
tion at resonant frequency of 5.9 GHz is presented in Fig. 8.
It is clear from the figure that at frequency 5.9 GHz, the
current is concentrated along the “S,” strip and that the
current intensity is smaller than the one observed at 3.64 GHz.

The simulated three-dimensional (3D) radiation patterns
of the proposed microstrip-fed rectangular-shaped ring
monopole antenna are presented in Fig. 9 for the frequencies
3.5 and 4.9 GHz. The radiation patterns obtained in the x-y
plane are nearly omni-directional, and those in the elevation
plane are all similar to monopole-kind antenna. Radiation
performance of the antenna is acceptable at all the frequency

Fig. 8. Current distribution at frequency 5.9 GHz.
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Fig. 9. Simulated 3D radiation pattern. (a) 3.5 GHz and (b) 4.9 GHz.

Table 3. Simulated gain and efficiency of the resonant frequencies.

Parameters First peak Second peak Third peak Fourth peak
Simulated gain (dBi) 1.5 1.46 0.7 2.1
Efficiency (%) 63 55 47 80

bands. The simulated gain of the proposed antenna is also
studied. The antenna has a maximum gain of about 2.1 dBi
at 11.6 GHz frequency. The simulation studies indicate that
the maximum antenna radiation efficiency is approximately
80%. The simulated gain and radiation efficiency of the
proposed antenna at resonant frequencies are presented in
Table 3.

V. CONCLUSION

The proposed multiband microstrip-fed rectangular-shaped
ring antenna embedded with three inverted “S”- and
“C”-shaped strips has been designed for WLAN/WiMAX
and partially UWB operation. To verify the simulated
results, a prototype has been designed, simulated, fabricated,
and tested. The five bands have been observed from the mea-
sured results: first band ranging from 3.6 to 4.1 GHz, second
band from 4.3 to 5.6 GHz, third band from 5.8 to 6.73 GHz,
fourth band from 7.34 to 10.5 GHz, and fifth band from
12.1 to 12.9 GHz. The measured result shows satisfactory per-
formance and fair agreement with the simulated results. The
parametric studies show significant effects on the impedance

https://doi.org/10.1017/51759078714000440 Published online by Cambridge University Press

bandwidth of the proposed antenna. The proposed antenna
has compact size, multiband operation and a stable radiation
pattern over the operating bands has been observed. The pro-
posed antenna is suitable for heterogeneous wireless commu-
nication applications.
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