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1. INTRODUCTION

The multipath interference is one of the major problems emerged in mobile communication
environment. There are many alternative schemes on antenna diversity technique to overcome
deep fading caused from the multipath propagation. The space diversity needs large antenna
separation to obtain small correlation coefficient. The alternative diversity scheme which is
interesting is polarization diversity because two diversity antenna branches can be arrayed in
the same position to save the space. The authors proposed a planar inverted-F antenna (PIFA)
modified to apply for polarization diversity [1]. The structure of the antenna resembles the
conventional PIFA, except that it has two additional semiconductor switches at the opposite
positions to each other with respect to the feed position. By turning on either of the switches,
the polarization of the antenna can be changed. However, the radiation patterns and diversity
performance of this polarization diversity on portable telephone in vicinity of the human body
including head, hand, and shoulder have never been studied. This paper investigates the electro-
manetic interaction between the antenna on portable telephone and the operator body under the
mobile multipath environment. The results are revealed in terms of the mean effective gain, the
radiation pattern correlation, the diversity gain, and the diversity antenna gain quantitatively.

2. CONFIGURATION AND MODELING

The polarization diversity PIFA consists of a square metallic patch with the length of
26mm, to operate at the frequency of 1.8 GHz, located on a portable telephone of dimension
25x45x130mm as shown in fig. 1(a). On the top-left corner of the patch is shorted to the
telephone via a permanent shorted-pin. There are two RF-switches on the top-right (A) and
the bottom-left (B) corners. To take into account the interaction of human body, the cylindrical
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Fig. 1. Configurations of the polarization diversity PIFA (a) experimental model with portable tele-
phone (b) wiregrid model of the antenna and portable telephone (c) experimental model with human
phantom (d) wiregrid model of human phantom.
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model of head, parallelopiped model of hand, and trapezoidal model of shoulder are assigned
as depicted in fig. 1(c). The phantom of the head is placed on the center of the shoulder. The
hand is positioned bmm adjacent to the right-hand side of the head with 60° tilted angle, and
the telephone is in the the hand with same orientation.

The antenna and telephone are modeled by conductive wiregrid structure as depicted in
fig. 1(b). While the phantoms are modeled by conductive wiregrid loaded with the surface
impedance Z; = (jwp/(o + jwe))'/?, where the conductivity ¢ = 0.85 S/m and the complex
permittivity €, = 48 — 530 [2], to simulate the dielectric property of the human tissue as depicted
in fig. 1(d).

3. METHOD OF ANALYSIS
3.1 Mean Effective Gain and Correlation Coefficient

The mean effective gain (MEG) G, [1] of the mobile antenna in multipath environment is
expressed by

XPR 1
G. —// TEXPR 0(9,¢)P0(9,¢)+mG¢(0,¢)P¢(0,¢)}sin9d0dq§, (1)

where Gy(0,¢) and G4(0, ¢) are the § and ¢ components of the radiation patterns and Py(6, ¢)
and Py(0, ¢) are the § and ¢ components of the angular density functions of incident plane
waves, respectively.

The envelope correlation coefficient p, between two antenna diversity branches can be
approximated by [1] pe = |R%,|/(R11Ra2), where the covariance R;; (i, 7 = 1, 2) of the two
received voltages resulted from the complex electric field patterns (Ep;, Eg;) and (Epj;, Eg;) is

2w
Ry = 2K Puf | {XPR- Ey(0,0) 53,0, 6) a0, 6) + Bou(0. 6)1535(0,9)P(0, 6)} sin 00 (2

To model the angular density functions of incident plane wave, we assume azimuthal distri-
bution P(¢) to be uniform and elevational distribution P(f) by delta function of § = 90°. The
cross-polarization power ratio (XPR) is defined by the mean incident power ratio of Py /P,
where Py and Pp are mean incident power of vertical and horizontal polarization, respectively.

3.2 Diversity Gain and Diversity Antenna Gain

The diversity gain G;, is defined as the difference of the signal level at a certain value of the
cumulative distribution function (CDF) (usually at 1%), between the CDF curve of the signal
envelope of the diversity combiner output, and that of the single reference antenna output under
the Rayleigh fading environment. The probability that the instantaneous combiner output CNR
will be below or equal to a level v is called outage rate and can be expressed as [1]

_a 2 2pe 2pe 2
Plp)=1-el F)Q(\/rm . pe)’\/r(lpjpe)) — el (1 - Q(\/rr(lp—vpe)’\/m jpe))>’
(3)

where I is a mean CNR; @ is the Marcum function; 7 is an either ratio of Ges/Gep or Gep/Gea,
whichever is less than unity, Gea and G.p are the MEG of the diversity branch A and B,
respectively.

The diversity antenna gain (DAG) includes the correlation coefficient and the MEG char-
acteristics and is defined as a product of an either MEG of the higher branch and a diversity
gain [1].

DAG = G, - Gyip- (4)

4. RESULTS AND DISCUSSION

The theoretical results of the following parameters are simulated by the Numerical Elec-
tromagnetic Code (NEC2) [3] based on the method of moment at the frequency of 1.8 GHz on
zy-plane (# = 90°). The inclination angle of polarization diversity PIFA on portable telephone
is chosen at o = 60° to realize the practical case.
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Fig. 2. The radiation patterns on zy-plane of antenna at tilted angle & = 60°; on a portable telephone
(a) A shorted (b) B shorted; with head (c) A shorted (d) B shorted; with head and hand (e) A
shorted (f) B shorted; with head, hand, and shoulder (g) A shorted (h) B shorted.

4.1 Gain

The gain patterns of the antenna on portable telephone when o = 60° and RF-switch
A shorted is shown in fig. 2(a), the maximum of both Gy and G4 direct toward the direction
¢ = 315°. However, the amplitude of G is approximately 5 dB higher than that of Gy. When
RF-switch B shorted, G has its maximum at ¢ = 0° whereas the counterpart has its maximum
in the broadside direction. The amplitude of the pattern is almost the same. These results have
been verified by the experiment.

When head, hand and shoulder are cumulatively taken into account of the power patterns
of the antenna on a telephone, the power patterns in fig. 2(c) to 2(h) are gradually changed.
It might be concluded that the patterns calculated with the human interaction posses narrower
beamwidth and increasing number of lobes.

4.2 Mean Effective Gain and Correlation Coefficient

Fig. 3(a) compares the mean effective gain of the antenna on telephone with those included
the human interaction. It is relevant to the gain patterns that the mean effective gain decreases
as the XPR increases. The effect of human interaction can increase the mean effective gain
about 1.5 dB when RF-switch B shorted.

Fig. 3(b) shows the correlation coefficient in difference cases. The case of antenna on
telephone is almost constant at around 0.15. The practical case, with head, hand and shoulder,
the correlation coefficient is in the range between 0.06 to 0.16.

4.3 Diversity Gain and Diversity Antenna Gain

The diversity gain of antenna on telephone, calculated at XPR = 10 dB, is 9.6 dB whereas
that includes human interaction is reduced, by 1.3 dB, to 8.3 dB due to the large difference of
MEG between each branch as depicted in fig. 4(a). At other values of XPR = -10 dB and 0 dB,
the diversity gain of both cases are still in between 8.3 dB to 9.8 dB.

Fig. 4(b) illustrates the diversity antenna gain in terms of XPR. The diversity antenna gain
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Fig. 3. The differences of (a) mean effective gain and (b) correlation coefficient, vs. XPR.
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Fig. 4. (a) diversity gain differences due to p. and r at XPR = 10 dB (b) diversity antenna gain vs.
XPR.

with the human interaction is 0.6 to 1.0 dB higher.

5. CONCLUSIONS

Characteristics of polarization diversity PIFA on a portable telephone have been compar-
atively investigated without and with that taken into account of the human interaction. It was
found that the gain patterns, correlation coefficient, diversity gain, and diversity antenna gain
have been notably altered. These results are effective in statistical evaluation the communication
performance of this antenna in the mobile multipath environmnet.

ACKNOWLEDGMENTS

The authors wish to thank K. Ogawa for inviting this paper, and C. Leekpai for his con-
tribution to the experiment. This work was supported by the National Science and Technology
Development Agency (NSTDA) under the local graduate scholarship program.

REFERENCES

[1] K. Meksamoot, M. Krairiksh, and J. Takada, “Polarization diversity planar inverted-F antenna and its per-
formance in multipath environment,” Proc. the 1999 IEEE International Symposium on Intelligent Signal
Processing and Communication Systems, Phuket, Thailand, pp.709-712, December 1999.

[2] R.G. Vaughan and N.L. Scott, “Evaluation of antenna configurations for reduced power absorption in the
head,” IEEE Trans. Veh. Technol., vol. VT-48, no. 5, pp. 1371-1380, September 1999.

[3] G.J. Burke and A.J. Poggio, Numerical Electromagnetics Code (NEC) — Method of Moments, Parts I-III,
Lawrence Livermore Nat. Lab., Livermore, CA, 1981.



