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Abstract— In this paper, a compact tri-band monopole antenna with three meander lines is
proposed and investigated for wireless local area networks (WLANs) and worldwide interoper-
ability for microwave access (WiMAX) applications. The designed tri-band antenna is realized
by using three meander line structures that are connected to the 50-Ohm microstrip feed signal
line to generate the desired triple resonance frequencies. By adjusting the dimensions of the
proposed three meander lines, the expected resonant frequencies can be tuned for WLAN and
WiMAX communication applications. The simulation results demonstrate that the optimized
tri-band monopole antenna can give three impedance bandwidth for S;; < —10dB of 156 MHz
(2.39-2.55 GHz), 450 MHz (3.30-3.75 GHz) and 730 MHz (5.14-5.87 GHz), which can be applied
to cover both 2.4/5.2/5.8-GHz WLAN bands and 3.5/5.5-GHz WiMAX bands. Furthermore,
omnidirectional radiation patterns can be achieved, which make the designed tri-band monopole
antenna promising for integrating into modern portable devices.

1. INTRODUCTION

With the rapid progress of wireless communication, WLAN and WiMAX have been extensively
studied, which result in a great demand for multiband antennas. Recently, many researchers
are focused on the antenna designs with simple structure, low cost, small size and multi-bands.
To achieve these performances, a great number of multiband antennas have been presented for
WLAN and WiMAX applications [1-5]. However, most of these antennas are large in size. To
further reduce the size of the antenna, a multi-band antenna has been developed by using parasitic
elements, which can just provide dual-band [6]. In sequence, several asymmetric coplanar strip
(ACS)-fed antennas with small sized have been proposed and well designed by numerical and
experimental methods [7-9]. However, these proposed antennas can only operate for single or dual
band applications. In [10-14], several triple band antenna have been presented for WLAN and
WiIiMAX applications. Although these antennas can provide multiband characteristics, some of
them are complex in structure or large in size.

In this paper, a simple tri-band antenna is proposed and investigated by using high-frequency
structure simulator (HFSS) for WLAN and WiMAX communication applications. The designed
tri-band antenna is realized by using three meander line structures that are connected to the 50-
Ohm microstrip feed signal line to generate the desired triple resonance frequencies. By adjusting
the dimensions of the proposed three meander lines, the expected resonant frequencies can be tuned
for WLAN and WiMAX communication applications. The experimental results demonstrate that
the optimized tri-band monopole antenna can give three impedance bands for S1; < —10dB. The
proposed antenna is optimized and the results show that the antenna not only has good tri-band
characteristic, but also has omnidirectional radiation patterns, which makes it suitable for both
WLAN and WiMAX communication applications.

2. ANTENNA DESIGN

The configuration of the proposed tri-band WLAN and WiMAX antenna is shown in Figure 1. The
proposed antenna is designed on a FR4 substrate with a relative permittivity of 4.4, loss tangent
of 0.02, thickness of 0.8 mm and its total size is 30 mm x 20 mm. The proposed antenna consists of
three meander lines that are connected to the feed signal line, a partial ground plane and a 50-Ohm
microstrip feed signal line with a width of 1.4mm. In this design, the meander lines are used
to generate the three resonance frequency bands. All the meander lines are quarter-wavelength
resonance at the desired frequencies. The desired center frequencies are tunable by adjusting
the dimensions of these meander lines, which make the proposed antenna easy to fabricate. The
proposed antenna is optimized and the optimal parameters are listed as follows: W = 20, W; = 0.9,
Wo=1Wy=2Ws=1,Wsg=12 Wy =6, Wg=14,L=30,L1 =24,Ls=5, L3 =7, Ly =20,
L5 = 95, LG = 95, L7 = 2.5, LS = 4, Lg = 7, L10 = 1, L11 =7 (unit: mm)
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Figure 2: Parameter effects on the resonance characteristic of the antenna. (a) Ly. (b) La. (c) Wi. (d) L3

3. PERFORMANCE OF THE PROPOSED ANTENNA

In this section, the proposed tri-band antenna is investigated by using HFSS which is based on
finite element method (FEM). The key parameters Li, Lo, L3 and W are selected to evaluate
the effects on the impedance bandwidth of the antenna. Figure 2(a) shows the effects on the
impedance bandwidth of the proposed tri-band WLAN and WiMAX antenna with respect to the
return loss when the parameter L varies from 1.8 mm to 3mm. With an increment of Lq, the
center frequency of the highest band shifts from 5.7 GHz to 5.4 GHz. This is because the increased



Progress In Electromagnetics Research Symposium Proceedings 535

|
190

/120

180

@

Figure 3: Radiation patterns of the proposed antenna. (a) H-plane. (b) E-plane.

L1 increases the current path and hence the highest band moves to low frequency. The effects of
Lo are shown in Figure 2(b). When Lo increases from 4 mm to 7mm, the center frequency of the
middle band at 3.5 GHz WiMAX moves to low frequency. We can see that the center frequency
shifts from 3.6 GHz to 3.4 GHz and the bandwidth is also getting narrow because the increased
Lo not only prolong the resonance length but also enhance the coupling of the meander lines.
Parameter W; has an important effect on the impedance bandwidth of the lowest band and the
results are shown in Figure 2(c). It is observed that the center frequency of the lowest band shifts
to high frequency with an increase of Wy and the bandwidth is also slightly enhanced. In order
to understand the resonance of the proposed antenna, L3 is also investigated and the simulated
results are demonstrated in Figure 2(d). It can be seen that the center frequencies of the lowest
and middle bands move to low frequency. This is because the increased L3 not only increases the
resonance length and makes the lowest frequency move to low frequency, but also affect the current
distribution of the left meander line and hence changes the center frequency of the middle band.
Thus, we can tune the dimensions of the meander lines to control the resonance frequencies to meet
the WLAN and WiMAX applications. The radiation patterns of the proposed antenna are obtained
at 2.4 GHz, 3.6 GHz and 5.6 GHz and are shown in Figure 3. It is can be seen from Figure 3 that the
proposed tri-band antenna has a nearly omnidirectional radiation patterns in the H-plane and the
figure-of-eight-like radiation pattern in E-plane except 5.6 GHz, which indicates that the proposed
tri-band WLAN and WiMAX antenna can provide desired radiation characteristics.

4. CONCLUSION

A simple tri-band antenna is proposed for WLAN and WiMAX applications by using meander
lines. The key parameters of the antenna have been investigated to understand the principle of
the antenna. The triple resonance frequencies can be controlled by adjusting the dimensions of
the antenna structures. The results showed that the proposed antenna can achieve three operating
bandwidth of 156 MHz (2.39-2.55 GHz), 450 MHz (3.30-3.75 GHz) and 730 MHz (5.14-5.87 GHz)
to cover WiMAX (3.4-3.69 GHz) and WLAN (2.4-2.483 GHz, 5.15-5.825 GHz) communication sys-
tems. The proposed antenna has a small size, three resonance frequencies and omnidirectional
radiation patterns, rendering it suitable for WiMAX and WLAN communication applications.
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