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1 Introduction

Diversity is an important technique to reduce the fading in the multipath environment. Among several
diversity techniques, the angle diversity or antenna pattern diversity utilize the directive antennas, and
it is advantageous in reducing the level-crossing rate{l].

A candidate of the pattern diversity antenna for portable handset is two parallel half-wave dipole
antennas with matched loads[2]. When the distance between two dipoles is 0.1). strong mutual coupling
causes the directivity, and two-branch pattern diversity antenna is realized.

On the other hand. the radiation characteristics of portable handset antenna are seriously suffered from
the existence of the head. The effects of the head on the antenna characteristics have been actively dis-
cussed recently, from the viewpoints of the SAR distribution[3]. the input impedance[4] and the radiation
pattern[5, 6}. .

This paper discusses the effect of the head on the pattern diversity antenna for a portable handset.
For simplicity, the two paralle]l dipoles without the body of the handset[2] is considered as the pattern
diversity antenna. The effects of the diversity is estimated by the correlation of the horizontal radiation
pattern assuming the Rayleigh fading environment[7]. Surface patch modeling of a metal sphere simulates
the head[6], and the radiation patterns are calculated by the method of moments using NEC2(8]. The
diversity effects are compared among different settings of the diversity antenna relative to the head.

2 Pattern Diversity Antenna

In this paper, two parallel dipoles with matched loads shown in Fig. 1 are considered as the pattern
diversity antenna[2]. The distance between two dipoles is 0.1A. and the strong mutual coupling causes
the directivity. Each matched load Z,, corresponds to a diversity branch.

Figure 2 shows the horizontal radiation patterns for two branches of the diversity antenna. The patterns
are calculated by the method of moments using NEC2[8]. In this case, radiation patterns are deformed
much from isotropic patterns due to strong mutual coupling, and the front-to-back (FB) ratio is 6.2dB.

As a measure of the diversity effect, the following correlation factor k between two radiation patterns
is used[7).
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k equals to the correlation of diversity branches in Rayleigh fading environment{7]. The correlation is
kfree = 0.005 for the model antenna, which is almost an ideal value as a diversity antenna.

(1)

3 Effect of Head on Antenna Pattern Diversity

In this paper, the head is simulated by the metal sphere with the diameter of 1A, which corresponds to
20cm at 1.5GHz[6]. The sphere is modeled by the surface patch elements in NEC2, and the accuracy
of the modeling is confirmed by comparing with the rigorous solution obtained analytically[9]. As far
as concerning with the radiation patterns, the metal sphere gives almost the same results as the lossy
sphere|[9).
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Figure 1: Two parallel dipoles with matched loads Figure 2: Radiation patterns of two parallel
- as a pattern diversity antenna dipoles with matched loads in free space

Two settings of the diversity antenna relative to the head are considered. The pattern diversity antenna
itself is the same as shown in Fig. 1.

Figure 3 shows the setting (I} with two dipoles arranged in radial direction, i.e., one beam is toward
and the other is opposite to the head. Figure 4 shows the horizontal radiation patterns for two branches.
Both patterns are deformed and the main beams are oriented opposite to the head, which can be casily
predicted from reference [6], and these two patterns looks alike. The correlation is krqq = 0.77 in this
case, which means the antenna is almost useless for diversity.

Figure 5 shows the setting (II) with two dipoles arranged in circumferential direction, i.e., both beams
are perpendicular to the head direction. Figure 6 shows the horizontal radiation patterns for two branches.
Both patterns are again deformed. but the effect of the head is smaller and the directive patterns are still
opposite to each other. The correlation is k.;; = 0.26 in this case. which is a sufficient value for diversity.

4 Conclusion

This paper discussed the effect of the head on the pattern diversity antenna for a portable handset.
From the comparison of two antenna settings, the orientation of the antenna is very important in view of
antenna pattern diversity, and generally it seems to be better to put the antenna with the beams toward
the orthogonal direction of the head direction.

This is the preliminary study. and more realistic simulations together with the experiments are left for
future study.
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Figure 3: Two parallel dipoles near the head (I); Figure 4: Radiation patterns of two parallel
radial arrangement (center of sphere on z-axis) dipoles near the head (I); radial arrangement

LA

Figure 5: Two parallel dipoles near the head (II); Figure 6: Radiation patterns of two parallel
circumferential arrangement (center of sphere on dipoles near the head (II); circumferential ar-
z-axis) rangement
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