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Abstract — The big proliferation of mobile communication
systems has caused an increased concern about the interaction
between the human body and the antennas of mobile handsets.
In order to study the problem, a multiband antenna was
designed, fabricated and measured to operate over two
frequency sub bands 900 and 1800 MHz. After that, we
simulated the same antenna, but now, in the presence of a
human head model to analyze the head’s influence. First, the
influence of the human head on the radiation efficiency of the
antenna has been investigated as a function of the distance
between the head and the antenna and with the inclination of
the antenna. Furthermore, the relative amount of the
electromagnetic power absorbed in the head has been
obtained.

1 INTRODUCTION

The cellular phone market has increased
substantially during the last decade. With the
expansion of current use and anticipated further
increases in the use of cellular telephones and other
personal communication services, there have been an
interest and considerable research effort devoted to
interactions between antennas on handsets and the
human body. A lot of research studies have been
carried out based on this interaction [1-3], dealing
generally with two aspects. The first aspect is the
mobile phone antenna influence on the human body
in particular on the head. In fact, when a cellular
phone works, the antenna is near the user’s head
where a substantial part of radiated power is
absorbed. It’s important to characterize and quantify
the distribution of the electromagnetic fields and the
energy levels absorbed by the human tissues. It’s
important to evaluate the rates of RF energy
deposition, called specific absorption rates (SAR), in
order to evaluate potential health effects and
compliance with standards. SAR is the time rate at
which EM energy is absorbed by (dissipated in) an
element of biological body mass, and is expressed in
units of watts per kilogram (W/kg) [4]. The
maximum local SAR, which is the most critical
quantity in the context of potential health effects of
RF energy radiated, depends on a large number of
factors, such as: design of the device, its operational
frequency and antenna input power and orientation
with respect to the head.

The second aspect is the influence of the head on
radiation properties of the mobile phone. In fact, it’s
presence close to the handset causes (generally)
degradation of its performance in comparison with
the operation of the handset alone. Antenna
characteristics that are mostly affected by the
presence of the human body are radiation pattern,
input impedance and radiation efficiency [5]. Its
important evaluates deterioration of the antenna
performance and develop better antennas, which
improve the radiation.

In this paper we study the last two aspects. First,
the influence of the human head on the radiation
efficiency of the antenna has been investigated as a
function of the distance between the head and the
handset and with the inclination of the antenna. The
considered distances were 1.6 mm, 4.4 mm and 9.6
mm. The antenna’s inclinations were 0°, 45°, and
90°. In particular, we analyze the changes in the
radiation patterns and in the level of return loss, as
function of distance and inclination of the handset.
Second, we obtained the SAR level for two
frequencies, 900 and 1800 MHz.

All numerical simulations are performed using a
time domain solver based on the FDTD (Finite
Difference Time Domain) [6-7] which prove
appropriate when handling highly inhomogeneous
media such as the human head. Perfectly matched
layers (PML) are imposed as boundary absorbing
conditions to enclose the simulation domain.

The sections of the present paper are organized as
follow. In section 2, we present a multiband antenna
that was designed to operate over two frequency sub
bands 900 and 1800 MHz. The influence of the
human head in the radiation proprieties of the
antenna at the two frequencies is considered in
section 3. In section 4 the relative amount of the
electromagnetic power absorbed in the head has been
obtained, calculating the SAR for the two
frequencies. Concluding remarks are included in
section 5.

2  Patch antenna for 900/1800 MHz
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Patch antennas capable of dual band operations are
very suitable for applications in modern mobile
communication systems to combat the multipath
fading problem, which wusually causes larger
degradation in the system performance [8]. Here,
numerical simulations and measurements of a multi
band antenna are presented for GSM 900/1800MHz.
The antenna was designed and simulated with the
FDTD, and a prototype of the final version was
fabricated and measured. To obtain an antenna with
two resonances we used a single U slot patch antenna
[9] with two short pins, as shown in Figure 1. In,
Figure 2 the simulated and measured return loss of
the antenna is presented, and a good agree is
obtained.

Figure 1 Antenna geometry and dimensions
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Figure 2: Measured and simulated return loss

3  Influence of the human head in the radiation
proprieties of the antenna

In this section, we simulated the antenna of Figure
1, but now, in the presence of a human head model
and analyze the head’s influence in the radiation
pattern and in the return loss. To studying this
interaction, it is most important to understand the
electromagnetic properties of body tissues. The

dielectric properties of body tissues at radio
frequencies and microwave frequencies have been
examined by several authors. A  recent
comprehensive study is described in [10]. As a
starting point of our research an anatomically-
realistic model of the human head has been used. It is
as most approximate to real heterogeneous human
head as recommended in safety standards and uses a
grid of 5x5x5mm.

The antenna’s return loss was simulated with a
constant distance of 1.6mm and inclinations angles of
0°, 45° and 90°. The return loss results are presented
on Figure 3.

Analyzing the results it’s possible to see that for the
900 MHz there are no significant differences in the
level of return loss and on the resonance frequency as
well. For the 1800 MHz there is a shift of resonance
frequency reducing it about 100MHz. But the level of
return loss was improved.
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Blue: without head;
Red: with head at 0°, Green: with head at 45°;
Salmon: with head at 90°;

Figure 3: Return loss of the multiband antenna
In Figure 4, we present the simulated results for a

constant inclination of 45° and distances of 1.6mm,
4.4mm and 9.6mm.
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Figure 4 Return loss of the multiband antenna

From the last Figure it’s possible to see that the
antenna is more sensible to distance than to
inclination. For 1800 MHz frequency the variation is
more accented.

In Figure 5 and Figure 6, we present the radiation
patterns of the antenna for $=90° and for 900 MHz.
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In Figure 5 the distance from the antenna to head is
constant at 1.6mm and the inclination is set to 0°,
45°, and 90°. From Figure it’s possible to see the
change of radiation pattern, imposed by the presence
of the head, for the three different inclinations.

In Figure 6, the antenna inclination is 45° and the
distance is set to: 1.6mm, 4.4mm and 9.6mm. From
the Figure is possible to see that the changes in the
radiation pattern are less significant. The results
obtained for the frequency of 1800 MHz is similar.

Our data suggest that radiation patterns are more
sensitive to inclination than to distance. In both
situations the head presence changes the radiation
pattern, but the unidirectional behavior is maintained.

Blue: without head;
Red: with head at 0° Green: with head at 45°;
Salmon: with head at 90°

Figure 5 Radiation pattern of the antenna for ¢$=90°

Blue: without head
Red: with head at 1.6mm Green: with head at
4.4mm
Salmon: with head at 9,6mm

Figure 6 Radiation pattern of the antenna for ¢$=90°

4 SAR determination

Various organizations in the world have established
safety guidelines for electromagnetic = wave
absorption. The measurement of this type inside of
the human body is extremely complicated and due to
this fact, it is imperative the use of numerical
methods.The computation of SAR is based on the
evaluation of the electromagnetic energy dissipated
on the tissue due to an electromagnetic source. Then,
this result has to be integrated over a specific volume
that is determined on a specific mass. The shape of
this volume may be defined in several ways, leading
to different possible schemes. In Europe and
Australia, the SAR limit for mobile terminal
equipment is 2 mW/g and measured as an average
over a 10 gram cube of tissue. In the USA and
Canada, mobile terminal equipment must comply
with the 1.6 mW/g SAR limit measured as an average
in a 1 gram cube of tissue.

In Error! Reference source not found., we
present the SAR distribution over the head, for 900
MHz, as a function of handset’s inclinations for the
same distance of 1.6mm. The inclinations considered
were 0°, 45°, and 90°.

Figure 7: SAR for 900 MHz, in the XoZ plane

In Figure 8 we present the same results but now for
the frequency of 900 MHz.

Figure 8 SAR for 1800 MHz, in the XoZ plane

Figure 9 presents the SAR distribution over the
head, for 900 MHz, as a function of handset’s
distances for an inclination of 45°. The distances
considered were 1.6mm, 4.4mm and 9.6mm.

Figure 9 SAR for 900 MHz, in the XoZ plane

Figure 10, shows the same results but for the 1800
MHz frequency.

Figure 10 SAR for 1800 MHz, in the XoZ plane
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Figure 11 show the SAR as function of the handset
inclination for the two frequencies.

B 900 MHz
W 1800 MHz|

Figure 11 SAR as function of handset inclination.

Figure 12 show the SAR as function of the handset
inclination for the two frequencies.

80

Figure 12 SAR as function of the distance

Investigations have shown that the SAR value
depends on excitation frequency. The SAR for 900
MHz is more than double that obtained for 1800
MHz. There are no significant differences in SAR
values between different inclinations of the handset,
however when the distance from the head to antenna
increase the SAR level tends to decrease but that
decrease is not significant.

4  Conclusions

In this paper we present the influence of human head
in the radiation patterns and in the return loss of a
multiband antenna. It’s possible to conclude that the
radiation patterns have a strong change with the
handset inclination, but the omnidirectional behavior
remains. Moreover, with the distance there are no
significant alterations, but the head presence changes
the radiation pattern. In relation to the return loss the
human head presence lead a shift in the resonance
frequency especially for the 1800 MHz.
Investigations have shown also that the SAR level
depends on excitation frequency, and the handset
inclination don’t have influence in the SAR level.
The SAR level also decreases with the increase of
distance.
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