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1. Introduction

Low-profile antennas for linear polarization such as inverted-L and F antennas are widely
used in mobile communications [1]. It is also known that dielectric materials can be used to
make those antennas much smaller. But the size reduction may depend on the antenna shape
and radiation characteristics.

In this paper characteristics of a circularly polarized hula hoop antenna [2] on the surface of
a rectangular dielectric body over an infinite ground plane are investigated to find out the
effects of the rectangular dielectric body. The VSWR, current distribution and axial ratio are
calculated by a FDTD method. The volume reduction ratio is obtained when the frequency
of the minimum axial ratio is kept nearly constant for different dielectric constants.

2. Antenna Configuration

Fig. 1 shows the configuration of a rectangular hula hoop antenna on an infinite ground
plane. The horizontal wire is on the surface of arectangular dielectric body. The vertica wire
isin the dielectric body and is fed at the bottom through the ground plane by a coaxia cable.
Antenna parameters h (height of the horizontal wire), a (side length of the horizontal wire)
and s (gap length) are selected to radiate circularly polarized waves in the zdirection. The
size of the dielectric body is ¢” ¢” h. The antenna characteristics are calculated for two
kinds of dielectric bodies (c =a and 1.2 a) and are shown in the next section.

3. Resaults

In the calculation the cell sizesare Dx =Dy =a/10,Dz=h/6. It is assumed that the infinite

ground plane is located on the x-y planeand 50" 50” 50 cells above the ground plane are
used for the analysis. Gap length s (= a /10) is fixed in the calculation.

Fig. 2 shows axial ratio characteristics in the zdirection with respect to frequencies for three
different dielectric constants (er) . Here it is assumed that ¢ = a, that is, the wire is along the
sides of the dielectric body. For each er, side lengths a and h are changed in a1l mm step in
order to keep the frequency of the minimum axia ratio around 1500 MHz. The axia ratio
bandwidth (< 3dB) becomes narrower as er increases. Table 1 shows the dielectric
constant and the corresponding volume reduction for Fig. 2. The volume reduction of 56.3%
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isobtained when er is4.

Figs. 3 and 4 shows the amplitudes and the phases of the current distributions on the wire at
1487 MHz, 1502 MHz and 1497 MHz where the axia ratios become minimum for the three
dielectric constants in Fig. 2. The phase decreases from point A to F in Fig. 1 monotonously
and the antenna radiates right-hand circularly polarized waves for the three cases. The feed
voltageisassumed 1 V. Fig. 5 shows the VSWR characteristics corresponding to Fig. 2. Note
that the VSWR is not optimized.

Fig. 6 shows axial ratio characteristics in the zdirection with respect to frequencies for the
three different dielectric constants. For each er, side lengths a and h are changed in the
same way as the results obtained in Fig. 2. Here it is assumed that ¢ = 1.2 a and the vertica
wire is in the dielectric body. Table 2 shows the dielectric constant and the corresponding
volume reduction for Fig. 6. Compared to Table 1 the volume reduction becomes larger
when the size of the dielectric body is larger than a horizontal part of the wire. The height
reduction of the dielectric body is larger in Table 2, but the side lengths of the dielectric
bodies are not changed much in Tables 1 and 2. It is known that height h for good circular
polarization in the zdirection is about a quarter wavelength. Therefore the effect of the
dielectric body is larger and the wavelength in the body is smaller for c=1.2 a.

4. Conclusions

Characteristics of acircularly polarized hula hoop antenna on a rectangular dielectric body is
investigated by using a FDTD method. When the horizontal surface of the dielectric body is
larger than a hula hoop antenna, the volume reduction of the antenna including the dielectric
body becomes larger.
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Fig. 1 A hula hoop antenna on arectangular dielectric body
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Fig. 3 Amplitude (Amp) of the current distribution
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Fig. 4 Phase of the current distributior
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Table 1 Dielectric constant (er ) and volume reduction (¢ = a)

Volume reduction (%)

er c(mm) h(mm)

1.0 64.0 384 100.
2.5 57.0 36.6 75.6
4.0 50.0 354 56.3

Table 2 Didlectric constant ( er ) and volume reduction (c = 1.2 a)

er c(mm) h(mm) Volume reduction (%)
1.0 64.0 384 100.
2.5 60.0 33.0 75.5
4.0 51.2 27.6 46.0
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