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1. Introduction 
 

Recently, wireless communication technology has advanced rapidly. Along with it, mobile 
terminals have become smaller and advanced. For such reasons, mobile terminals have required 
multiband antennas for various applications of electrically small antennas with very small size to 
the wavelength.  

Introducing meander line is typical method to miniaturize antennas [1]-[3]. And, multi 
band antennas and electrically small antennas have been widely studied [4]-[8]. An electrically 
small meander line antenna has been reported [9]. This antenna is an electrically small antenna (ka 
< 0.5, k: wave number, a: radius of a sphere surrounding the antenna), and is formed with meander 
line on the same plane. Moreover, the antenna can easily control the impedance. However, this 
antenna has a single resonance and a narrow bandwidth. A multiband antenna with two elements of 
meander line has been reported [10]. Two elements are on the same plane. So, the dimension of the 
antenna is large compared to the resonant frequency. Moreover, the antenna has wide bandwidth, 
and multiple resonances. 

In this paper, an electrically small layered meander line antenna with multiple resonances 
is presented. Simulated and measured results in ܵଵଵ and radiation patterns are discussed with good 
agreements.  
 
2. Antenna Structure 
 

Figure 1 shows the proposed antenna structure. This antenna uses RT/Duroid 5880 
substrate with a permittivity (ߝ௥) of 2.2 and a dielectric loss (tanߜ) of 0.001, and the metal (copper) 
thickness is 35 µm. The dimension of the substrate layer and the ground is 22.5 mm × 14 mm. The 
antenna has five metallic layers with the dielectric substrates, and some of ends of the metallic 
elements are connected to another neighboring element by a metallic side wall. Both ends of the 
meander line are opened. The feed point is fabricated between the first (ground plane) and the 
second metallic layers at one of the open ends as shown in Fig. 1 (b). The width of the meander line 
is ݈݉௪.  

In the proposed antenna, resonances can be observed at the frequencies in cases that the 
total length of the meander line corresponds to half wavelength, a wavelength, and 3/2 wavelength.  
 
3. Simulated and measured results 
 

The structure is simulated using Ansoft HFSS13.0. Figure 2 (a) shows the simulated ܵଵଵ 
characteristics with an increase in ݈݉௪ from 1 mm to 14 mm. Three resonances depend on the ݈݉௪. It is noticed that the first (the lowest) resonance is shifted to a higher frequency and the 
second resonance is not shown regularity and the third (the highest) resonance is shifted to a lower 
frequency with an increase in the ݈݉௪. And, this is because the first resonance is strongly affected 
by the inductance of the metallic side walls with the substrates, and the third resonance is strongly 
affected by the capacitance between the metallic layers. 

Figure 3 shows the fabricated antennas for ݈݉௪= 2 mm, 8 mm, 14 mm. The measured 
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results of the ܵଵଵ characteristics are also shown in Fig. 2 (b). The measured results also show the 
same behavior as the simulated results. However, it is noticed that the measured third resonance is 
shifted to a higher frequency by 200 MHz compared to the simulated result. This is due to 
fabrication errors and the gap between the dielectric substrates. Figure 4 and 5 show the radiation 
patterns of the antenna at the first and third resonance in the z-x and y-z plane (݈݉௪= 8 mm). At the 
first resonance, the main lobe of the antenna in the y-z plane is tilted by 60° (60° = ߠ) from +z 
direction. This is because the radiation is affected by the part of the connecting element of layers 
forming the inductance. At the third resonance, the main lobe of the antenna is not tilted. This is 
because the current for the radiation exists weekly on the metallic side walls. The second resonance 
does not contribute to the radiation. So, this paper omits the results. 
 
4. Conclusion 
 

The paper has proposed an electrically small antenna design with multiple resonances by 
forming a layered meander line. The first resonance is strongly affected by the inductance, and the 
third resonance is strongly affected by the capacitance in the meander line, and both of the 
resonances can be controlled with the meander line width. The measured results show good 
agreements with the simulated results.  
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Figure 1: Proposed antenna structure 
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otograph of fabricated antennas (݈݉௪= 2mm, 8mm
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