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ABSTRACT
This paper analyzed the effects of electromagnetic (EM) radiation mobile phone on human head with different holding
positions. The EM radiation is measured in terms of specific absorption rate (SAR). The human head exposed to
global system for mobile communication (GSM) frequency bands. The radiation absorption analyzed through
simulations by applying finite-difference time domain (FDTD) method using computer simulation technology (CST)
microwave studio. The specific absorption rate (SAR) was measured for two common holding positions of mobile
phone: Cheek and Tilt. In this tilt position, the mobile phone tilted for 15° and 30° from a person’s head. SARs
exhibited in much lower values as the mobile phone held in cheek position than that of tilt position. Helical antenna
with substrate of Rogers RO3006 (loss free) found to be best tested substrate by resulted in lower SAR due to its
lower conductivity properties than that of RO4003.
Keywords: different substrates, finite-difference time domain (FDTD) method, head model, mobile phone, specific
absorption rate (SAR).
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1. Introduction
The application of mobile phone had extended to
the worldwide community. This technology had
been introduced as early as in the twenty first
century and has been evolving since. Worldwide
mobile subscribers increased significantly as the
awareness of radiation effects of mobile phone
towards human health widely spread across the
globe [1]. Continuous researches had done to
investigate the effect of electromagnetic (EM)
radiation from mobile phone on human health [2-4].
This EM absorption by human is measured in
terms of specific absorption rate, SAR [5-9]. SAR
values show the radiated power from mobile phone
absorbed by the human over a particular volume of
body tissue corresponding to 1g or 10 g of body
tissues [10], and it is measured in watt per
kilogram (W/kg) [8].

A particular safe limit of SAR is chosen so that the
maximum EM radiation exposure could be
sustained without introducing biological changes
onto the human health. These standards regulated
by world authoritative bodies include International
Commission on Non-Ionizing Radiation Protection,
ICNIRP and Federal Communications Commission,
FCC. According to the ICNIRP standard, the safe
SAR limit is 2 W/kg for 10 g of body tissue [11, 12].
Several countries abide by this regulation are
Australia, Japan, New Zealand and Brazil. Other
countries such as Canada, South Korea, Bolivia and
Taiwan followed the standard regulated by FCC.
According to this standard, the limit of SAR is 1.6
W/kg over 1 g of body tissue [13].
SAR of mobile phone absorbed by humans is very
dependent on the mobile network carrier,
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characteristics of mobile phone and antenna,
antenna positioning, and the radiated power from
the mobile phone [14-16]. Other factor which
influenced the EM absorption is the positioning of
the mobile phone or the phantom itself [17-19].
The dielectric properties of human also effect SAR
values [20]. Increase in conductivity and the
decrease in permittivity of the human head cause
increment of SAR [21]. Particular body tissue with
higher water content contributes to higher SAR.
Higher water content of body tissue implies that
the body tissue has greater conductivity and is
more susceptible to absorb EM waves. The
magnitude of body tissue’s conductivity and
permittivity are dependent on the exposure
frequency [11, 22]. The permittivity and
conductivity of the tissues remain constant as long
as the tissues exposed to a constant frequency
exposure. Different exposure of operational
frequency eventually altered the tissue’s
conductivity and permittivity accordingly.
The effect of SAR majority depends on the
antenna position on the mobile phone. A mobile
phone with mounted antenna on top and hold in tilt
position results in more absorption of EM radiation
by the head [13]. This happens as the antenna is
closer proximity to the head. Moreover, SAR
values change with variation of holding position of
mobile phone. Cheek and tilt are two prevalent
ways of holding a mobile phone. Cheek position of
mobile phone is parallel to the head of the user
and closely located to the user’s pinna. This
position is the most frequently applied by the users
[12]. In this paper, an investigation on SAR is
presented with variation of holding cheek and tilt
positions at 900 MHz and 1800 MHz. The aim of
this investigation is to find out the better mobile
phone holding position, which will lead reduced EM
absorption in the human head. The mobile phone
is then tilted to 15° and 30° from the head in this
investigation to take tilt position effects on SAR.
2. Method and Materials
SAR calculations had applied the FDTD method
using electromagnetic solver namely CST
Microwave Studio. This FDTD method used for the
solver had divided the head cells into smaller cell
units. Each of the cells unit had been set to
specific meshing properties before it was
simulated. The mesh type was set to hexahedral.
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The mesh density control of line per wavelength of
8, mesh line ratio limit of 200 with total mesh cells
of 6,211,119 were used. Homogeneous head
dielectric properties were set in accordance the
frequency exposure.
SAR was calculated for cheek position and tilt of
15° and 30° of mobile phone from the head. For
cheek position, the mobile phone was placed
directly on the side of the head without any
separation distance. This position was taken from
the usual placement applied by most users. The
human head model, known as specific
anthropomorphic mannequin (SAM) [15], comes
together with the helical antenna attached to a
mobile phone. The homogeneous head model
was comprised of two layers which were the inner
and outer layer with specific dielectric properties
at a particular frequency exposure. At other
frequency exposure the head exhibited different
dielectric properties. These properties were
constant as long as the head was exposed to the
same frequency exposure.
SAR calculated through simulation applied the
following equation [5]:
SAR ?

uE
2t

2

(1)

Where, j represents the tissue conductivity, E
denotes on root mean square, rms electric field,
is tissue density.
The radiated power set for the simulation was 0.25
W. The radiated power of a mobile phone could be
as high as 1 or 2 W. This occurs mainly due to the
distance between the mobile station and the base
station variation. Smaller distance of the mobile
station to the base station amounts to lower
radiated power of a mobile phone. The averaging
method for SAR calculation was used in
accordance with the IEEE C95.3 standard [25].
The helical antenna used resonated at 900 and
1800 MHz. The substrates for the antenna were
Rogers RO3006 (loss free) and Rogers RO4003
(loss free).
The dielectric properties of the substrates are as in
Table 1.
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Type of
substrate

Permittivity, ir

Conductivity, j
[S/m]

Rogers
RO3006 (loss
free)

6.15

0.61

Rogers
RO4003 (loss
free)

3.38

0.71

31
mm

Table 1. Helical antenna dielectric properties.

The dielectric properties of homogeneous human
head [26] are shown in Table 2.
Frequency
[MHz]

Permittivity, ir

Conductivity, j
[S/m]

900

41.5

0.97

1800

40.0

1.40

Table 2. Homogeneous human
head dielectric properties.

The mobile phone model used is a simple
conducting box made of perfect electric conductor
(PEC), with the dimensions of 18 × 40 × 100 mm3
(X × Y × Z). The model of the mobile phone is as
shown in Figure 1. The length of the helical
antenna is 31 mm and diameter of 5 mm. The
helical antenna is shown as in Figure 2.

100
mm

Figure 2. Helical antenna used for SAR calculation.

The holding position of a mobile phone was split
into two techniques, which were cheek position
and tilt position. A mobile phone held parallel to the
user head without separation angle called cheek
and the latter position with a user held the mobile
phone tilted at an angle of 15° and 30° from a user
head. SAR effect onto the user head was observed
with these different placements of mobile phone
from the head. The holding cheek and tilt positions
of mobile phone presented are as shown in
Figures 3 (a), (b) & (c).

Figure 3. Different position used for SAR measurement:
a) Cheek, b) Tilt 150, and c) Tilt 300.

2. Results and Discussions

40 mm

Figure 1. Handset antenna with mobile phone.

Results are discussed for effects of SAR on a
human head in cheek and tilt position for frequency
exposures of 900 and 1800 MHz. For tilt position,
the SAR effect is observed in two conditions. The
conditions are with tilt of 15° and 30°. There are
significant differences in SAR of both tilted
positions. Variation of substrates of helical antenna
also influences SAR of human head.
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Figure 4 shows the SAR results of cheek position
at 900 MHz. Helical antenna with substrate of
Rogers RO4003 (loss free) exhibited the highest
SAR in both volume of body tissue measured of 1
g and 10 g. This happened as the substrate of
Rogers RO4003 (loss free) was higher in
conductivity compared with the other substrate
used. Substrate with higher conductivity leads
higher surface current and hence higher EM
absorption in the head. The variation of SARs was
from 1.088% to 1.564 % at its minimum and
maximum values. These differences were still
small and did not alter much the SAR distribution
of the human head.

Value of SAR (W/kg)

5

SAR 1g (W/kg)

3
2
1
0
Rogers RO4003
(loss free)

Figure 4. SAR of cheek position with
two different substrates at 900 MHz.

The SAR effect of cheek position at 1800 MHz is
as in Figure 5.

Value of SAR (W/kg)

5

SAR 1g (W/kg)

SAR 10g (W/kg)

4
3
2
1
0
Rogers RO3006
(loss free)

Rogers RO4003
(loss free)

Figure 5. SAR of cheek position with
two different substrates at 1800 MHz.

SAR effect onto human head with mobile phone in
cheek position which exposed to 1800 MHz
showed in Figure 5. The highest SAR was 3.46186
W/kg for SAR of 1 g of body tissue with helical
antenna with substrate of Rogers RO4003 (loss
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15

SAR 10g (W/kg)

4

Rogers RO3006
(loss free)

"

SARs of human head with mobile phone placed in
different tilted positions and exposed to 900 MHz
as showed in Figure 6.

Value"of"SAR"(W/kg)"

"

free).
The helical antenna with substrate of
Rogers RO3006 (loss free) resulted in the lowest
SAR of 2.12071 W/kg at SAR of 10 g of body
tissue. The SARs resulted from helical antenna
with substrate of Rogers RO4003 (loss free) were
always higher than that the other substrate due to
its conductivity property. The conductivity of its
substrate was higher and thus influenced to
increase the EM absorption towards human head
and caused higher SARs.
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SAR 1g (W/kg)

SAR 10g (W/kg)

12
9
6
3
0
Rogers
Rogers
RO3006
RO4003
(loss free) (loss free)
Tilt"15o

Rogers
Rogers
RO3006
RO4003
(loss free) (loss free)
Tilt"30o"

Figure 6. Compared values of different
tilt position of SAR at 900 MHz.

From Figure 6, it can be seen that the SARs of 15°
tilts were always higher than the SARs of mobile
phone with 30° tilt from the human head. In this
tilted position of 15°, the human head more readily
absorbed electromagnetic waves emitted from the
mobile phone due to the placement of the helical
antenna. The electromagnetic radiation was
absorbed mostly toward the skin at the closest
area of the head from the mobile phone was held
to. The highest absorption of radiation is at the
head part; mainly over the area of the frontal lobe
and side of the brain which is the usual placement
of the mobile phone among the users. Since the
brain is one of the conductive parts of the body,
the radiation was more susceptible to be absorbed
in this region.
When the human head experienced higher frequency
exposure from a mobile phone which tilted exhibited
SARs differently. Figure 7 showed the SAR of tilt
position at 1800 MHz.
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It showed that there was a significant drop as the
mobile phone tilted 30° from the human head. This
was due to the helical antenna being situated near
to the radiation absorption susceptible area of the
brain. This is showed in Figures 3 (b) and 3 (c), as
the mobile tilted 15°, the helical antenna is nearer to
the side of the human head compared to the mobile
phone tilted at 30°. SARs of 1 g were all higher than
the SARs of 10 g. For smaller volumes of body
tissue, the resolutions of calculating SAR values are
much better. The higher volume of body tissue as
10 g tend to hinder the whole SAR value of the
tissues [23, 24]. At low frequency, the SAR value is
high due to penetration of the microwave fields
towards a subject at those frequencies.

Value"of"SAR"(W/kg)"

20

SAR 1g (W/kg)

SAR 10g (W/kg)

15
10
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