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ABSTRACT 

This paper presents a multi-band, compact, lightweight and low-cost monopole antenna suitable for applications in the 
wireless local area network (WLAN) and DCS1800/PCS1900 bands. The antenna has a thin substrate, small area and is 
fed by a microstrip line, which can be directly connected with the associated microwave circuits. The computed and 
measured results for 1.8, 2.4, 4.9, 5.2 and 5.8 GHz band cases are presented. 

INTRODUCTION 

The rapid progress in wireless communications promises convergence of interactive voice, data, and video services. The 
integration of different radio modules into the same equipment has created a need for multi-band antennas. Small size, 
low profile, low cost and ease of integration with the associated circuits are the basic requirements for these antennas. 
Recently, we have successfully developed multi-band planar monopole antennas with characteristics above [1][2][3]. 
These antennas are composed of multiple metal strips, which resonate at different frequencies covering one or more 
bands of interest, such as GSM900 [1], Digital Cellular System 1800 (DCS1800) [1], Personal Communication System 
1900 (PCS1900) [1], Bluetooth, IEEE 802.11 Wireless Local Area Networks (WLAN, also called “wireless Ethernet”) 
family (e.g., 802.11a, 802.11b, 802.11g, 802.11j) [2][3].  

In this paper, we present a triple-arm multi-band planar monopole antenna designed for DCS1800/PCS1900/WLAN 
multi-band operations. The antenna is composed of three metal strips with a special arrangement so that they resonate at 
three frequency bands with a good impedance matching. Simulated results using commercial software HFSS and 
measured results will be presented. 

ANTENNA DESIGN AND RESULTS 

The configuration of the proposed antenna is shown in Fig. 1. As can be seen, the three branch strips are wrapped into a 
compact rectangular structure and printed in a thin substrate together with its feedline. The ground plane is on the 
reverse side of the substrate to the antenna and only covers the feedline section. The design procedures are similar to 
those of dual-arm monopole antennas in [2][3]. In fact, the triple-arm antenna is composed of a dual-arm antenna 
element and the third branch strip wrapping around the dual-arm element. The dual-arm antenna element still operates 
at 2.4 GHz and 4.9-6.0 GHz bands, covering the required bandwidth of WLAN standards IEEE 802.11a, 802.11b, 
802.11g and 802.11j. Another frequency band determined by the third metal strip can be tuned to appear within the 
range of 1.7-2.0 GHz, depending on the length of the strip. This band can include the required bandwidth of the 
DCS1800 or PCS1900.  

The described triple-arm monopole antenna was designed with the aid of the commercial software Ansoft HFSS. The 
antenna element and the feedline are printed on an FR4/Epoxy substrate with a thickness of 0.8 mm, a dielectric 
constant of 4.4 and a size of 50×35 mm2 (L×W). The ground plane is only below the feedline and has a size of 30×35 
mm2 (L1×W). The dimensions of the antenna element, shown in Fig. 1, are listed in Table 1. The three strips are 
designed to operate at 1.8 GHz, 2.4 GHz and 4.9-6.0 GHz bands. The strip lengths, starting from the edge of the ground 
plane, are about 39.0 mm (about 0.234 effective wavelength at 1.8 GHz), 28.5 mm (about 0.233 effective wavelength at 
2.45 GHz) and 14.5 mm (about 0.251 effective wavelength at 5.2 GHz), respectively. The 1.8 GHz band is mostly 
determined by the length of strip 1 shown in Fig. 1. By tuning the length of strip 1, the 1.8 GHz band can be shifted to 
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1.7 GHz, 1.9 GHz or 2.0 GHz band. Similarly, the length of strip 3 determines the 4.9-6.0 GHz band. The 2.4 GHz band 
is determined by the length of strip 2 and the coupling between strips 2 and 3. As mentioned in [2], by reducing the 
distance between the end stubs of strip 2 and 3, the resonant frequency can be shifted to the lower frequency and a good 
impedance matching can be maintained. 

The designed antenna has been fabricated and tested. The simulated result of the return loss, obtained from the 
commercial software Ansoft HFSS, and the measured result are shown in Fig. 2. It can be seen that the two results are 
in reasonable agreement. The three operational bands have bandwidths (defined by 10 dB return loss) of 170 MHz (1.8 - 
1.97 GHz), 170 MHz (2.37 - 2.54 GHz) and 2.06 GHz (4.64 – 6.7 GHz), covering the required bandwidth of PCS1900 
and all the WLAN standards. 

The radiation patterns of the proposed triple-arm monopole antenna were also simulated. The simulated radiation 
patterns at 1.8 GHz, 2.45 GHz and 5.78 GHz are presented in Fig. 3, 4, and 5, respectively. These patterns are simulated 
in x-z plane, y-z plane and x-y plane, respectively. The simulations show that there is little variation in the patterns in x-
z plane and y-z plane at the three frequencies. In x-y plane, with the frequency increasing, the radiation along the 
direction of x-axis reduces. The patterns in y-z and x-y planes exhibit omnidirectional characteristics. The efficiency of 
the antenna has also been estimated using CST Microwave Studio 5.0 software, assuming a loss tangent of 0.02 for FR-
4 and a conductivity of 5.8×107 S/m for all metal (Copper) parts. The calculated efficiencies are 77% at 1.85 GHz, 85% 
at 2.45 GHz and 84% at 5.2 GHz, respectively. 

CONCLUSION 

A triple-arm multi-band planar monopole antenna has been described. The antenna was designed to operate at WLAN 
bands for standards IEEE 802.11a, b, g and j and DCS1800 or PCS1900. The multi-band operation can be achieved by 
combining three folded metal strips, each of which works in different frequency bands determined by its effective 
length. Good agreement between simulation and experiment was demonstrated.  
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Fig. 1: The configuration of the triple-arm WLAN antenna. 

Table 1: The parameters of the designed triple-arm monopole antenna (in mm). 

S1 S2 S3 S4 S5 S6 S7 

8.0 17.0 14.0 9.5 7.0 11.0 6.0 

S8 S9 t H L L1 W 

5.5 3.0 2.0 0.8 50.0 30.0 35.0 

 

 

Fig. 2: Simulated and measured reflection coefficient of the triple-arm antenna. 

 

Fig. 3: Computed radiation patterns of the triple-arm antenna at 1.8 GHz. 

174



 

Fig. 4: Computed radiation patterns of the triple-arm antenna at 2.45 GHz. 

 

Fig. 5: Computed radiation patterns of the triple-arm antenna at 5.78 GHz. 
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