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Abstract

This paper proposes a novel small asymmetric copla-
nar strip (ACS) fed tri-band monopole antenna for WLAN
and WiMAX applications. To tune and create multiple res-
onant frequencies, the exciting strip of monopole antenna
is connected to two different arms which are a J-shaped
directed toward the asymmetric ground plane and an open
stub. The proposed monopole antenna with a total size of
14.6 x 17.5mm? is fabricated and tested. The measured re-
sults indicate that the antenna has impedance bandwidths
for —10dB return loss reach about 500 MHz (2.01-2.52
GHz), 230 MHz (3.48-3.71 GHz) and 1.2GHz (5.59-6.72
GHz) which cover widely the 2.4/5.8 GHz WLAN bands
and the 3.5GHz WiMAX band. The simulated radiation
patterns of the proposed antenna at the three resonant fre-
quencies have a dipole-like radiation pattern in both E-and
H-Planes. The compact size, the simple structure and good
radiation performances of the proposed antenna makes it
well-suited for the intended applications.

1. Introduction

The rapid size decrease of the electronic devices in the
modern communication systems has given rise to an impor-
tant demand to design miniaturized antennas. Furthermore,
more requirements in terms of multiband operation are
needed. Consequently, several research works have been
conducted to design compact multiband antennas which
can support multiple communication applications such as
Wireless Local Area Network (WLAN)and Worldwide In-
teroperability for Microwave Access (WiMAX) technolo-
gies. For this issue, many techniques of antenna size reduc-
tion have been reported elsewhere; for example, loading the
patch with a shorting post [1], using fractal geometries [2],
introduction of defected microstrip structure (DMS) [3], us-
ing a defected ground structure (DGS) [4] [5] and using
shaped patches [6] and [7].

In [6], a compact reconfigurable monopole antenna with
a spiral shaped patch was proposed. By embedding mi-
crowave switches in three different location in spiral patch,
different resonance frequencies can be achieved in diverse
states of the switches. Consequently antenna was capable to
cover two standard frequency bands for biomedical applica-

tions with a compact size of 32 x 50.3mm?. A recongurable
frequency wide to narrow band antenna has been presented
in [7]. The antenna was a combination of a modified cir-
cular monopole antenna which produces wide bandwidth
and a microstrip slot antenna which produces three resonant
frequencies. The antenna size was 60 x 70mm?. Although
the reported antennas can achieve interesting reconfigurable
frequency characteristics but they have large dimensions.

In [8], a rectangular shaped monopole antenna loaded
with two split ring resonator (SRR) was proposed for
tri-band operation. The antenna covers the WiMAX
(3.5/5.5GHZ) and WLAN (2.4/5.2/5.8 GHz) applications.
By inserting two SRR slots with adequate dimensions, three
operating bands were obtained. Though the reported struc-
ture was simple, it has a large size of 832mm?. In order to
downsize the antenna dimensions, the authors in [9] have
proposed two miniaturized antennas using difference meta-
material structure. The first antenna operates at three bands
covering WiMAX, WLAN and GPS applications with a to-
tal size of 30 x 30mm?. The second one was designed
using interdigital capacitor and spiral inductor operating
at 1.06 GHz, 1.8 GHz and 2.5 GHz with a size including
the ground plane of 25 x 25mm?2. Even though the re-
ported antennas have small patch sizes, they still have rela-
tively large size by including their ground plane. The Au-
thors in [10] presented coplanar waveguide (CPW) fed tri-
band monopole antenna for WLAN/WiMAX applications.
By etching an inverted-L slot on the straight strip loaded
with a rectangular tuning patch, three distinct wide bands
have been achieved. The antenna has an overall size of
36 x 25mm?2. Although the antenna has a simple structure
but it has a relatively large size as for the modern handled
devices requirements.

A very attracting technique of miniaturization is to use
the asymmetrical coplanar strip (ACS) feeding. This tech-
nique is analogous to CPW feed except it has a single lat-
eral ground plane, known by ACS, compared to the dual
lateral ground in the CPW. Many ACS-fed antennas have
been reported in the aim of size reduction as well as for
wide band applications [11]-[13]. In [4], an ACS-fed pla-
nar antenna with DGS and DMS for dual-band application
was presented. The reported antenna is composed of defect



in both ground plane and radiating strip. The antenna has an
overall dimension of 21 x 15.35mm? and resonates at 3.5
and 5.5 GHz. The authors in [14] have proposed a compact
uniplanar monopole antenna for tri-band operation. This
antenna was loaded with two rectangular SRRs etched on
the radiating patch to achieve a tri-band resonant character-
istic with a total size of 32 x 12mm?2. A dual-band me-
andered ACS-fed monopole antenna for WiLAN/WIMAX
applications was presented in [15]. The reported antenna
was comprised of an asymmetric ground plane, an ACS-fed
structure, and coupled meandered monopole-type of radiat-
ing elements that are designed to provide the two desired
operation bands with an overall size of 20 x 12mm?. How-
ever, the reported ACS-fed antennas are still having large
size.

In this paper, we propose a very compact ACS-fed tri-
band antenna for WLAN/WiMAX applications. The tri-
band operation is achieved by connecting two arms to the
exiting strip of monopole antenna. The shape of the two
arms is optimized for both size reduction issue and multi-
band operation. The first arm has a J-shaped and is directed
toward the asymmetric ground plane to further downsize
the dimensions of the antenna. The second arm has an open
stub shape. The proposed antenna is designed, fabricated
and measured. The results show that the antenna has good
tri-band characteristics and a dipole-like radiation patterns
in both E-and H-planes. Hence, it is suitable for WLAN
and WiMAX.

2. Antenna Structure and Design

Figure 1 shows the geometry of the proposed ACS-fed tri-
band antenna, fabricated on a 1.63 mm thick FR-4 substrate
with permittivity and loss tangent of 4.4 and 0.02, respec-
tively. The proposed antenna is composed of an exciting
strip connected to two different arms which are a J-shaped
directed toward the asymmetric ground plane and an open
stub. The overall size of the proposed antenna is only 14.6
17.5 mm (L W) including the ground plane. The ACS feed
line has a signal strip width of 1.5 mm and a gap distance of
0.5 mm between the signal strip and the asymmetric ground
plane. After an extensive simulation study with help of a
powerful full wave simulator IE3D, the optimized dimen-
sions of the proposed antenna are determined and are listed
in Table 1. The radiating structure with ACS-fed line is
printed in the same side of the substrate.

The different antennas involved in the evolution study
are shown in Figure 2 and their return losses are illustrated
in Figure 3. It can be seen from Figure 3 that Antenna 1
presents a simple ASC-fed antenna structure resonating at
5.3 GHz. In order to generate a lower resonant mode, a
rectangular branch is connected to Antenna 1 to obtain An-
tenna 2. As can be seen from Figure 3, Antenna 2 operates
at two distinct frequency bands extending from 3.68 GHz
to 3.86 and from 5.48 to 5.67 GHz. In order to construct
three different resonant frequencies, the last step is to ex-
tend the L-shaped branch to look like as a J-shaped branch
(proposed antenna). The final structure operates at three
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Figure 1: Geometry of the proposed ACS-fed tri-band an-
tenna
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Figure 2: Evolution process of the tri-band monopole an-
tenna

distinct frequency bands ranging from 2.41 to 2.45 GHz,
from 3.48 to 3.53 GHz and from5.61 to 5.96 GHz as shown
in Figure 3 . Accordingly, the proposed tri-band antenna
covers the operating bands including WiMAX and WLAN
applications.

To more investigate and understand the proposed tri-
band ACS-fed antenna operating mechanism, the average
current distributions are simulated at 2.43, 3.5 and 5.765
GHz as depicted Figure 4. It can be observed that, for the
first resonant frequency, the current is mostly concentrated
in the J-shaped branch. Thus, the 2.45 GHz can be con-
trolled by changing the length P; which can be calculated
by equation 1 [23]. For the second resonant frequency, the
maximum current concentration is seen over the open stub.
Consequently, the 3.5 GHz can be controlled by tuning the
length of the open stub P, and its value can be calculated
using equation 2. For the 5.8 GHz frequency, it can be no-
ticed that large concentration of current is recorded at the
main branch connected to the feedline, as well as on the
other radiating branches due to the strong EM coupling be-
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Figure 3: Return losses versus frequency of various ACS-
fed antenna structures

Table 1: Dimensions of the proposed ACS-fed tri-band an-
tenna (all dimensions in mm)

Parameter Value (mm) Parameter Value (mm)

w 17.5 Ly 54
Wo 1 Lo 6.3
Wi 9.7 Ls 4.3
Wo 2 Ly 4.8
W3 1.6 P 25.9
Wy 9.1 P 13
Ws 2.8 P 15.7

L 14.6 g 0.5
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Figure 4: Average current distributions of the proposed an-
tenna at 2.43, 3.5 and 5.765 GHz

tween the branches contributing to the radiation. The ex-
pression of the resonant frequency f3 is given by equation
3.
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where c stands for the free space velocity and €, .y
is the effective permittivity of the substrate calculated us-
ing the equation 4 [4] [23]. For an ACS-fed monopole an-
tenna, It is assumed that half of established the field lies
in the substrate and the other one lies in the free space.
To further investigate the proposed antenna performance, a
parametric study is carried out. As seen previously, in the
current distributions study at the three resonant frequencies,
the proposed antenna performance is determined mainly by
the length of the radiating branches. Figure 5a shows the re-
sults obtained through simulation of the return-losses char-
acteristics according to the changes in the J-shaped branch
length ( P1) while P» and P5 are kept constants. As the
length increases from 23.5 to 25.9mm, the frequency shifts
toward the lower frequencies.

Furthermore, it can be seen that the reflection coeffi-
cient is quite well when P1 is equal to 25.9 mm. The sim-
ulated reflection coefficient for different sizes of the open
stub branch P2 is shown in Figure 5b. It is found that by
increasing the length P2 from 9 to 14 mm, the second reso-
nant frequency shifts toward the lower frequency side. The
considered value of P2 is 13 mm to obtain the centered res-
onant frequency at 3.5 GHz with good impedance band-
width. Figure 5c shows the effect of varying the length of
the main branch on the reflection coefficient. It is found that
by increasing the length P3, the upper frequency band shifts
toward the lower frequency side. For P3 equal to 15.7 mm,
optimum performance is obtained in terms of impedance
matching and resonant frequency.

The simulated radiation patterns of the tri-band pro-
posed antenna at the three diverse resonant frequencies
namely 2.43 GHz, 3.5 GHz and 5.8 GHz are shown in
Figure 6. It can be seen that the proposed antenna shows
a dipole-like patterns in the E-plane (yoz) whereas in the
H-plane (z0z), omnidirectional radiation characteristic is
achieved for all the three resonant frequencies. Figure 7
shows the 3D radiation patterns of the proposed tri-band
ACS-fed antenna at three resonant frequencies. It can be
clearly seen that the radiation patterns at each of the three
operating frequencies have a doughnut shape (Omni direc-
tional in the xo0z) consequently the proposed antenna is
well-suited for intended applications.

3. Fabrication And Measurement

The proposed tri-band monopole antenna is fabricated and
tested. Figure 8 shows the photograph of the fabricated tri-
band antenna. The proposed antenna return loss is mea-
sured using a ROHDE SCHARTZ ZNB 20 vector network
analyzer (VNA) operating over a frequency range from 10
kHz to 20GHz.

The measured and simulated return losses of the pro-
posed antenna are shown in Fig. 9. The measured result
indicates that the antenna has impedance bandwidths for
10-dB return loss reach about 500 MHz (2.01-2.52 GHz),
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Figure 5: Return losses of the proposed antenna

230 MHz (3.48-3.71 GHz) and 1.2GHz (5.59-6.72 GHz)
which can be used for WIFI 2.45 GHz, WIMAX 3.5 GHz
(3.4-3.69 GHz) and WLAN 5.8 GHz. The slight difference
seen between the simulated and the measured results is ba-
sically due to the manufacturing tolerances and the uncer-
tainty of the thickness and dielectric relative constant of the
substrate added to the quality of the SMA connector which
contribute in the discrepancy recorded between the simu-



Ref. Antenna Antenna Antenna Antenna
type size (mm?)  footprint (mm?) purpose
[4] Dual-band 21 x 15.35 322.35 3.4-3.75 GHz-5.38-5.85 GHz
[14] Tri-band 32 x 12 384 2.36-2.70 GHz, 3.35-2.74 GHz and 5.01-6.12 GHz
[18] Tri-band 38 x 20 760 2.32-2.51GHz, 3.05-3.95GHz and 5.4-5.85GHz
[19] Tri-band 17.2 x 30 516 1.752.0GHz, 3.23.5 GHz and 5.06.8GHz.
[20] Tri-band 21 x 33 693 2.392.51GHz, 3.264.15 and 5.06.43GHz
[21] Dual-band 17.58 x 30.3 532.6 2.16-3.61GHz-3.36- 3.72GHz and 4.98-5.87 GHz
[22] Dual-band 21 x 19 399 2.24-2.55GHz and 4.64-5.39GHz
[23] Dual-band  14.75 x 26 383.5 2.2-2.52GHz and 3.3-4.2GHz
This work Dual-band  14.6 x 17.5 255.5 2.01-2.52 GHz, 3.48-3.72 GHz and 5.59-6.72GHz

Table 2: Comparison between proposed antenna size along with applications bands with other compact antennas
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Figure 6: Radiation patterns at: (a) 2.43 GHz, (b) 3.5 GHz
and, (c) 5.8 GHz

lated and measured results. Furthermore, due to the small
size of the antenna the electrical size of the ground plane
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Figure 7: 3D Radiation patterns of the proposed tri-band
antenna at different resonant frequencies

became small as compared to the wavelength. In this situa-
tion, the SMA connector and a part of the VNA connecting
cable act as an additional ground plane [17]. Consequently,
the current will flow back from the antenna to the connect-
ing cable.

Comparisons of the proposed overall antenna size along
with applications bands with other compact antennas avail-
able in literature are illustrated in Table 2. It can be con-
cluded that the proposed antenna achieves significant size
reduction. In addition, it has a very simple structure and
can be easily integrated to the small handled devices.

4. Conclusions

A Compact Tri-Band ACS-fed monopole antenna for wire-
less communication is designed, fabricated and tested. The
proposed antenna has a very simple patch shape, simple
feeding structure and compact size of 14.6 x17.5 mm. The



Figure 8: Fabricated tri-band antenna photograph
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Figure 9: Simulated and measured return losses of the pro-
posed antenna

three resonant frequencies are realized by connecting two
different branches to the monopole exciting strip patch. By
changing the length of the branches, the operating bands
can be easily controlled to the desired frequencies. Mea-
sured results demonstrate that the proposed antenna can
achieve three desired operating bands suitable for WLAN
and WiMAX applications.
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