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Investigations of polarization purity and specific absorption rate for two
dual-band antennas for satellite-mobile handsets

Abstract
A study of the effects of human proximity on the polarization purity of two types of circularly-polarized
handset antennas for personal satellite communications was investigated using the hybrid method of
moments (MoM)/finite-difference time-domain technique. Associated with this, assessments of specific
absorption rate in the head were made. The method gave stable results, in accordance with physical
expectations; good agreement with the pureMethod of Moments was shown in simplified cases omitting the
head. The quadrifilar spiral antenna (QSA) was shown to be a propitious design for personal satellite
communications.
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Investigations of Polarization Purity and Specific
Absorption Rate for Two Dual-Band Antennas for

Satellite-Mobile Handsets

Read A. Abd-Alhameed, M. Mangoud, P. S. Excell, and K. Khalil

Abstract—A study of the effects of human proximity on the polariza-
tion purity of two types of circularly-polarized handset antennas for per-
sonal satellite communications was investigated using the hybrid method of
moments (MoM)/finite-difference time-domain technique. Associated with
this, assessments of specific absorption rate in the head were made. The
method gave stable results, in accordance with physical expectations; good
agreement with the pureMethod ofMoments was shown in simplified cases
omitting the head. The quadrifilar spiral antenna (QSA) was shown to be
a propitious design for personal satellite communications.

Index Terms—Circular polarization, finite-difference time-domain
(FDTD), hybrid method, method of moments (MoM), satellite mobile
communications, specific absorption rate (SAR).

I. INTRODUCTION

Degradation of circular polarization purity (equivalent to degradation
of axial ratio performance) of radiatedfields from satellite-mobile hand-
sets in the proximity of the human head has been addressed in the past
[1]. Further, specific absorption rate (SAR) assessments in comparison
with terrestrial mobile handset antennas have been presented in [2] and
[3]. In [1] it was found that the presence of the head degraded the av-
erage axial ratio within a 50� cone by between 2.9 and 9.1 dB, which
can have a significant effect on system performance. The antenna was
rather larger thanwould be realistic, but the intentionwas to characterize
the polarization issue only. Concerning the SAR in the user’s head, in [2]
and [3] the authors compared a quadrifilar helix antenna (QHA) with a
monopole antenna. It was shown that, when operating in satellite mode,
the QHA allowed input power to be increased by 27% for the same peak
SAR level. Recently, novel satellite antennadesigns have beenproposed
that use complex curved geometries to improve on the QHA [4]–[6].

It is concluded in [7] that the hybrid MoM/FDTD technique suits
investigations of all of these types very well. In this paper, the polar-
ization purity and SAR of two dual-band antennas for satellite-mobile
handsets adjacent to the human head are investigated (see Fig. 1), using
the hybrid computational method. These antennas are the quadrifilar
spiral antenna (QSA) [8] and quadrifilar helical antenna (QHA) [6]. A
small distance between the head and the handset was chosen to high-
light the effects of the relatively high radiated power needed for satellite
systems. The results for two operating frequency bands were studied:
1.61–1.6214 GHz (L-band) and 2.4835–2.5 GHz (S-band).

II. SATELLITE ANTENNAS ON HANDSET ADJACENT TO

REALISTIC HEAD MODEL

The QSA and QHA are very attractive candidate antennas for satel-
lite mobile handsets due to the symmetry of their geometry, properties
of balanced feeding and their ability to provide circular polarization
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Fig. 1. Geometry for the dual band QHA (left) and QSA (right).

Fig. 2. E and E with and without the human head versus � at � = 0 for
QSA (L-band).

over a broad angular region. As seen in Fig. 1, the maximum dimen-
sion of the QSA is significantly smaller than that of the QHA, thus it is
worthwhile to investigate both antenna performances in the vicinity of
the human head, since the QHA is a well-established benchmark design
against which the QSA can be compared, although the concentration of
the near field distribution in their vicinities will be very different. The
QSA consists of four spirals equally spaced circumferentially (placed
at 90� to each other) whereas the QHA has four helices placed at 90�

to each other. Both antennas are fed with equal amplitude signals with
90� phase difference between feeding sources (i.e., 0�, 90�, 180�, and
270�). The handset dimensions were selected to be 56� 56� 140 mm:
this is rather larger than modern handsets, but was a convenient choice
for prototype studies, including future experimental tests. It should be
noted that the QSA here is fed from its inner perimeter rather than the
outer ends of the arms since this is more convenient. Problems can arise

0018-926X/$20.00 © 2005 IEEE
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Fig. 3. Axial ratio in dB versus � for two different � angles; (a) QSA at L-band; (b) QSA at S-band; (c) QHA at L-band; (d) QHA at S-band.

with inner feeding when the distance between the feed lines is small,
causing significant mutual coupling effects.

The size of the equivalent Huygens surface that surrounds the
antenna and handset (the MoM region) inside the FDTD grid was
selected to be 36� 36� 72 FDTD cells for the QSA antenna and
36� 36� 117 cells for the QHA antenna. This closed surface was
placed adjacent to a realistic 3D head image. The FDTD details for
both frequency bands were as follows: the FDTD cell size was 2.5
mm; the sizes of the problem spaces were 127� 96� 127 cells (QSA)
and 127� 91� 137 cells (QHA). The time steps at L-band and S-band
were 3.375 ps and 2.75 ps respectively. The total number of cycles
simulated for both operating frequencies was 25. The tissue-classified
head used in this work is given in [10]: it uses 16 different tissue
dielectric properties. The handset body was placed 7.5 mm from the
nearest point of the head tissue. These parameters are significantly
more realistic than those used in the earlier pilot study [9], which
used 5 mm cell size, handset dimensions 80� 80� 133.3 mm and a
minimum separation distance from the head of 2 cm, with a QHA only.

III. NUMERICAL RESULTS WITH AND WITHOUT THE HEAD

The relative bandwidth (for VSWR� 3) at the input ports of the an-
tennas shown in Fig. 1, without the head present, are 5% at L-band

and 8.2% at S-band (for the QSA), and 3% at L-band and 6.5% at
S-band (for the QHA). Good axial ratios for both antennas in the two
bands were observed with the following power gains: 5 dB (L-band)
and 6.5 dB (S-band) for the QSA; 6 dB (L-band) and 8 dB (S-band) for
the QHA. Reasonable circular polarization elevation angle coverages
of approximately�50� (QSA) and�45� (QHA) were obtained, these
angles being similar for both the L- and S-bands. The field patterns
(for 1 W input power to lossless antennas) with and without the head
for the QSA antenna at 1.6 GHz are shown in Fig. 2. As shown, the
field patterns, without the head, obtained using the hybrid method [7]
and the pure Method of Moments (MoM) were in good agreement: the
worst-case disagreement is about 0.5 dB (relative to 8 dB, at 120� in the
E� curves), corresponding to 5.6% variation in the field strength. This
only occurs in a relatively weak-field zone which is more susceptible
to numerical noise: the majority of the curves are in much better agree-
ment. It is considered that this adequately verifies the validity of the
hybrid method. When the head is added to the model, the field patterns
obtained show that, over the useful range of elevation angles, the fields
are not greatly changed, but the E� component in directions close to
the head is attenuated by around 5 dB, which will cause some deterio-
ration of the axial ratio.

The axial ratio results were computed for the x-z plane (� = 0�)
and y-z plane (� = 90�) in the presence of the head. Fig. 3(a) and (b)
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TABLE I
COMPUTED SAR AND POWER ABSORBED FOR BOTH QSA AND QHA ANTENNAS

present these ratios for the QSA at L-band and S-band respectively, and
Fig. 3(c) and (d) show it for theQHAat L-band and S-band respectively.
The distance between the handset and the head was kept at 7.5 mm for
all cases. Reasonably good circular polarization coverage is observed
over the elevation angle range of �40� for both bands of interest. The
circular polarization purity for both bands decreases in the presence of
the head by 2 to 5 dB, which is much better than for the single axial
mode helix [1].

The calculated peak SAR in the head, the maximum averaged SAR
overmassesof10gand1gand thepowerabsorbedfordifferentdistances
between the head and the handset for both antennas shown in Fig. 1 are
summarized in Table I for an input power of 1 W. The computations
indicate that approximately 24% (L-band) and 14% (S-band) of the total
delivered power was absorbed by the head when using the QSA, while
13%(L-band)and8%(S-band)of the totaldeliveredpowerwasabsorbed
bytheheadwhenusingtheQHA.Theseresultsaremuchlower thanthose
reported in [7] foraGSM1800 terrestrialhandset, forwhichpeakSARin
the head was between 10 and 21W/kg/W for a head-handset separation
of 7.5 mm. Additionally, the head absorbed between 48 and 68% of the
power delivered to the antenna. The decrease in the absorption levels for
satellite terminals ispartlyduetothedirectionofradiationbeingdifferent
for the two cases and partly to the inherently somewhat greater distance
between the head and the antenna.

IV. CONCLUSION

The effect of the presence of a head model on the axial ratio and the
circular polarization radiation purity for two dual-band satellite-mobile
handset antennas was investigated in detail using a hybridMoM/FDTD
technique. The computations indicated that approximately 14% to 24%
of the total delivered power was absorbed by the head for the QSA
antenna and 8% to 17% for the QHA antenna, compared with 48 to
68% for a canonical GSM terrestrial handset. The results also show the
impact of the presence of the head on the circular polarization purity
of the satellite antennas, indicated by the axial ratio: for both bands,
this varied between 2 and 5 dB over the required elevation angle range,
which is acceptable, given the presence of the head. Because of its small
size and acceptable performance, the QSA has been shown to be a pro-
pitious design for personal satellite communications.

The nature of satellite-mobile services demands somewhat higher
radiated powers and power gains than with terrestrial systems, leading
to public concerns about the levels of SAR in the head. These results
show that such concerns are groundless, at least in comparison with
terrestrial systems: they also demonstrate the power and utility of the
hybrid field computation method for such complex geometries in the
presence of human tissue or other lossy dielectrics.
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