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SUMMARY With the development and diverse use of wireless radio
terminals, it is necessary to estimate the specific absorption rate (SAR) of
the human body from such devices under various exposure situations. In
particular, tablet computers may be used for a long time while placed near
the abdomen. There has been insufficient evaluation of the SAR for the
human body from tablet computers. Therefore, we investigated the SAR
of various configurations of a commercial tablet computer using a numer-
ical model with the anatomical structures of Japanese males and females,
respectively. We find that the 10-g-averaged SAR of the tablet computer is
strongly altered by the tablet’s orientation, i.e., from −7.3 dB to −22.6 dB.
When the tablet computer is moved parallel to the height direction, the rel-
ative standard deviations of the 10-g averaged SAR for the male and female
models are within 40%. In addition, those for the different tilts of the com-
puter are within 20%. The fluctuations of the 10-g-averaged SAR for the
seated human models are within ±1.5 dB in all cases.
key words: specific absorption rate (SAR), wireless radio terminals, nu-
merical models of human, finite-difference time-domain (FDTD) method

1. Introduction

Since wireless radio terminals have become indispensable
in our daily lives, the number of situations wherein one is
exposed to electromagnetic (EM) waves from such devices
has been increasing. Therefore, there is increasing public
interest in the health risk associated with exposure to EM
waves. When the human body absorbs EM energy in the
high-frequency band (above 100 kHz), thermal effects oc-
cur in human tissue. The specific absorption rate (SAR) has
been adopted as the standard parameter for radio-frequency
(RF) exposure [1], [2]. For local exposure from anten-
nas, SAR10g, which is obtained by averaging the SAR over
a mass of 10 g, is often evaluated and compared with the
safety guidelines [1], [2]. In light of the difficulty of eval-
uating SAR10g for an actual human body by measurement
owing to ethical issues, the SAR10g for the human body has
been estimated by calculation using a numerical model of
the human body.

Conventionally, mobile phones with a 2nd-generation
(2G) wireless communication system are used close to the
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human head during calling. Therefore, it is important to
evaluate exposure levels for the human head. Previously,
near-field exposures from wireless radio terminals are eval-
uated for the human head [3]–[6].

Recently, new types of wireless radio terminals such
as smart phones and tablet computers with 3rd- and 4th-
generation wireless communication systems have been
spreading rapidly. The World Health Organization (WHO)
announced that the RF exposure for the human body from
new wireless radio terminals should be evaluated as a high-
priority researches topic [7]. The new wireless radio termi-
nals have diverse uses and are not always used in the vicinity
of the head in different from conventional devices with the
2G wireless communication system. Therefore, we focused
on tablet computers as the new wireless radio terminal in
this study because there has been insufficient RF dosime-
try for the human body exposed to EM waves from a tablet
computer. Especially, tablet computers are used in various
positions in the vicinity of the abdomen and in various ori-
entations in contrast to conventional mobile phones. The
position of the human body relative to the antenna of a tablet
computer depends on how the computer is held. Therefore,
the novelty of this study is the evaluation of the near-field ex-
posure for the human abdomen due to various configurations
of a tablet computer. The computer also has many kinds of
antennas such as antennas for the 3rd-generation (3G) wire-
less communication system and the wireless fidelity (Wi-Fi)
system.

Therefore, in this paper we present a study on the vari-
ability of the SAR10g for a human body exposed to EM
waves at 900 MHz and 2 GHz from a typical tablet com-
puter placed in various positions, i.e., different directions,
heights, and tilts of the terminal and different postures of the
human, by numerical calculation using the finite-difference
time-domain (FDTD) method.

2. Method and Models

2.1 Numerical Model of a Tablet Computer Model

In the reference [3]–[6], several realistic numerical models
of the mobile phone are developed by the computer aided
design (CAD) to actualize more practical case of using the
mobile phone. The development of realistic wireless radio
terminals is important because the RF exposure levels and
situations may be different between simple and realistic ter-
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Fig. 1 Illustration of numerical model of a typical tablet computer.

minals. For the numerical calculations of the RF dosime-
try for the human body, accurate numerical models of the
human, e.g., based on the magnetic resonance image, have
been available. Therefore, realistic wireless radio terminal
models are also required as an approach to study the inter-
action between the human body and the wireless radio ter-
minal.

In order to evaluate the SAR for the human body in
actual situations of using a tablet computer, it is necessary
to develop a realistic numerical model of a tablet computer.
Figure 1 shows a high-resolution model of a typical tablet
computer that we modeled in this study in reference to a
commercial tablet computer used worldwide. The size is
186.0 × 241.5 × 8.0 mm3. The wireless communication
methods of this tablet computer are the 3G communication
system and Wi-Fi system. The antennas for the 3G wireless
communication system, Wi-Fi, and global positioning sys-
tem (GPS) are included in this computer. These antennas are
connected to the main print circuit board (PCB) by a coax-
ial cable. There are three batteries with the size of 114.0 ×
63.0 × 3.0 mm3. The case is made of a metallic material.
The production process of the tablet computer model was as
follows. First, an actual tablet computer was imaged by tak-
ing an X-ray photograph to determine the positions of the
internal materials. Then, the computer was dismantled and
the lengths of the components such as the antennas, PCBs,
batteries, and other small parts were measured. Secondly,
on the basis of the obtained data, we constructed a tablet
computer model using the CAD. Finally, the CAD model
was resolved for a voxel model and the electrical properties
were set for each voxel. The PCBs, batteries, coaxial ca-
bles, case, and antenna elements were modeled as perfect
electrical conductors. The display was modeled as a dielec-

Fig. 2 Illustration of the structure of the 3G antenna.

Fig. 3 Reflection coefficient of the 3G antenna.

tric material with εr = 5.0 and σ = 0.0.
In this study, we only consider the 3G antenna because

it had the highest radiation power in the three antennas. Fig-
ure 2 shows the structure of the 3G antenna. The electrical
properties of a dielectric material on the antenna element are
εr = 3.0 and σ = 0.0. The 3G antenna was a planar inverted-
F antenna because the radiated plate was connected to the
cable by the feeding and shorting. The minimum cell size of
the tablet computer model was 0.5 × 0.5 × 0.5 mm3 around
the 3G antenna. The maximum cell size was 1.0 × 1.0 ×
1.0 mm3. Thus, the cells in the model were non uniform and
had dimensions varying from 0.5 to 1.0 mm.

2.2 Validation of the Numerical Model of the Tablet Com-
puter

Figure 3 shows the reflection coefficient at the 3G antenna
when the tablet computer model was placed in free space.
The reflection coefficient was calculated by XFdtd ver. 7 [8],
which is commercial software for FDTD analysis. The op-
erating frequencies of the 3G antenna were 900 MHz and
2 GHz. In Fig. 3, we confirmed that the antenna resonates at
these frequencies.

We compared the SAR distributions in a flat phantom
with the tablet computer between the numerical calculation
and the experimental measurement.

In this study, the measurement results of the SAR dis-
tributions from the tablet computer were taken from [9].
Figure 4 shows the calculation model. A dielectric of
2.0 mm thickness was assumed as the bottle of the liquid
phantom. The electrical properties of the liquid phantom at
900 MHz and 2 GHz are εr = 54.6, σ = 1.0 S/m and εr =

51.9, σ = 1.5 S/m, respectively. Those of the dielectric are
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Fig. 4 Model used to calculate SAR distributions.

Fig. 5 Comparison of SAR distributions between calculations and mea-
surements [9].

εr = 4.5, σ = 0.0 at both frequencies. The density of both the
liquid phantom and dielectric is 1000 kg/m3. The side oppo-
site to the display is attached to the dielectric. The observa-
tion plane was 5 mm below the surface of the flat phantom.
Figure 5 shows the calculated and measured SAR distribu-
tions. The measurement conditions were the same for the
calculation conditions described above. We confirmed that
the distributions were similar to each other at both frequen-
cies.

2.3 Numerical Human Models

In this study, anatomically realistic whole-body voxel mod-
els of an adult Japanese male and female named TARO and
HANAKO [10] with a 2.0 × 2.0 × 2.0 mm3 voxel grid were
employed. The models consist of 51 different tissue types.
The body height and weight of the human models corre-
sponded to the averaged values for a Japanese male and fe-
male. The electrical properties and densities of the male and
female models were taken from [11] and [12], respectively.

3. Results

3.1 SAR for the Human Models from the Tablet Computer
at the Original Position

Figure 6 shows the original position of the tablet computer

Fig. 6 Original position of the tablet computer model in the vicinity of
the abdomen of (a) the male model and (b) the female model.

model, which was placed horizontally near the abdomen of
the human models in free space. The feeding point of the
antenna in the tablet computer model was the height of the
navel to model the use of a tablet computer in proximity
to an abdomen. The abdomen of the human models is not
flat. Therefore, the distance from the edge of the tablet com-
puter model to the surface of the human model was fixed at
10 mm as you can see in Fig. 6. The median line of each
human model corresponded to the perpendicular bisector of
the short side of the tablet computer model. The minimum
cell size was 0.5 × 0.5 × 0.5 mm3 and the maximum cell size
was 2.0 × 2.0 × 2.0 mm3 in both models. The boundaries of
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Table 1 Peak SAR10g values from the tablet computer at the original
position [W/kg].

Fig. 7 Different directions of the tablet computer model.

the calculation region were formed using perfectly matched
layer (PML) boundary conditions (eight layers). All calcu-
lations of the SAR10g were performed by XFdtd ver. 7 [8].

In this study, as the worst-case evaluation, the radia-
tion power was maintained at 0.25 W for both frequencies
in consideration of the maximum power in the 3G wireless
communication system [13]. Therefore, the mismatch loss
when the antenna was placed in the vicinity of the human
body was not considered.

Table 1 lists the peak SAR10g values at the original po-
sition. The SAR10g value at 2 GHz was approximately 4
times higher than that at 900 MHz for both human models.
The SAR10g values at both frequencies for the female model
were approximately 1.3 times higher than those for the male
model in this case.

3.2 Variability of the SAR Due to the Direction of the
Tablet Computer Model

Tablet computers are generally held at arbitrary directions
unlike with a mobile phone. To investigate the relationship
between the SAR10g of the human body and the direction of
the tablet computer, we estimated the SAR10g for the three
directions shown in Fig. 7 (Case 1 to 3). The direction of
the tablet computer model in Case 1 was the same that for
the original position in the previous section. In Case 2, the
computer was rotated 90◦ around the z-axis from the orig-
inal position so that the median line of the human models
corresponded to the perpendicular bisector of the long side.
In the Case 3, the computer was rotated 180◦ around the z-
axis from the original position. The cell size, the boundary
conditions, and the calculation software were the same as
those in the previous section.

Figure 8 shows the peak SAR10g for the human mod-
els normalized by the value for Case 1, i.e., the value for the
original position listed in Table 1. The peak SAR10g for Case
1 is highest for both human models and at both frequencies.
The maximum differences from peak SAR10g values of Case

Fig. 8 Normalized peak SAR10g for different directions of the tablet
computer model.

Fig. 9 Positions of the tablet computer model with movement parallel to
the ±z-axis for the male and female models.

1 at 900 MHz for the male and female are approximately
−7.3 dB and −9.4 dB, respectively. At 2 GHz, those are ap-
proximately −17.4 dB and −22.6 dB. Also, the variability of
SAR10g at 2 GHz is larger than that at 900 MHz.

3.3 Variability of the SAR Due to the Height of the Tablet
Computer Model

We evaluated the variability of the SAR10g of the human
body upon moving in the parallel direction along with z-
axis. Figure 9 shows the different positions of the tablet
computer model. The tablet computer model was moved in
the steps of 50 mm from the original position while main-
taining the distance of 10 mm from the surface of the human
body. z = 0 corresponded to the original position. The cell
size, the boundary conditions, and the calculation software
were the same as those in the previous section.

Figure 10 shows the normalized peak SAR10g for the
male and female models at 900 MHz and 2 GHz when the
tablet computer model was moved along the z-axis. The
SAR10g values are normalized by those of z = 0 mm, i.e.,
the original position. The variability of SAR10g for the male
model is larger than that for the female model. In particu-
lar, the SAR10g values for the male model in the range of
100 mm ≤ z ≤ 200 mm at 900 MHz are approximately 3 dB
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Fig. 10 Normalized peak SAR10g for different heights of the tablet com-
puter model.

Fig. 11 Positions of the tablet computer model with rotation around the
x-axis for the male and female models.

higher than that at z = 0. However, such increase is not
shown for the male at 2 GHz and for the female at both fre-
quencies.

3.4 Variability of the SAR Due to the Tilt of the Tablet
Computer Model

We evaluated the variability of the SAR10g with the tilt an-
gle of the tablet computer model. Figure 11 illustrates the
calculation model with the tablet computer model tilted in
the step of 15◦ from the original position (α = 0◦) to α =
75◦. The axis of rotation was the x-axis corresponding to
the short side of the tablet computer model nearest to the
human models. The distance between the tablet computer
model and the surface of each human model was maintained
at 10 mm during the rotation. The cell size, the boundary
conditions, and the calculation software were the same as
before.

Figure 12 shows the normalized peak SAR10g for the
male and female models at 900 MHz and 2 GHz when the
tablet computer model is tilted from α = 0◦ to α = 75◦. The
values are normalized by those at the tilt angle of α = 0◦, i.e.,
the original position. As the tilt increases, the large variabil-
ity of SAR10g for the male model appears, while such large
variability of SAR10g does not appear for the female model.
The maximum difference from SAR10g value at α = 0◦ is

Fig. 12 Normalized peak SAR10g for different tilts of the tablet computer
model.

Fig. 13 Calculation models (a) seated male model and (b) seated female
model.

approximately +2.4 dB for the male model at both frequen-
cies.

3.5 Variability of the SAR Due to the Posture of the Hu-
man Models

We estimated SAR10g for seated human models. Figure 13
illustrates the seated human models [14] used in the calcula-
tion. The distance from the tablet computer to the surface of
the abdomen and legs was 10 mm in both cases. The tablet
computer model was 37 mm and 50 mm below the height of
the navel for the male model and the female model, respec-
tively. The median line of human models corresponded to
the perpendicular bisector of the short side of the tablet com-
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Table 2 Normalized peak SAR10g for seated human models [dB].

puter model. The cell size, the boundary conditions, and the
calculation software were the same as before calculations.

Table 2 lists SAR10g for the seated human models.
These values are normalized by the values at z = −50 mm
for the stood models described in Sect. 3.3. As can be seen
in Table 2, we confirmed that the variability of SAR10g for
the seated models was within ±1.5 dB in all cases.

4. Discussion

SAR10g in a human exposed to EM waves from antennas of
tablet computers may change with the configuration of the
tablet computer or the posture of the human models. There-
fore, as mentioned in the previous section, we evaluated the
variability of SAR10g when the direction, height, and tilt of
the computer or the posture of the human models (standing
or sitting) was changed.

In the case of the original position, the SAR10g value
was substantially higher at 2 GHz than at 900 MHz. This is
mainly caused by the skin depth of the EM waves. In ad-
dition, the SAR10g values at both frequencies for the female
model were slightly higher than those for the male model in
this case. Figure 14 shows the SAR distributions at 2 GHz
at the axial plane including the feeding point of the 3G an-
tenna. These distributions are normalized by the maximum
SAR value of the female model. We found that the high
SAR for the female model is distributed largely the skin at
the navel. Thus, the differences of the surface shape and the
structure in the front of the mid-abdomen caused the differ-
ence of the SAR10g between the male and female models.

We found that the different directions of the tablet
computer model sufficiently contribute to the variability of
SAR10g for the human body. This is because SAR10g for the
human body depends on the distance between the antenna
and the surface of the human body. Also, the distances be-
tween the antenna and the human body in Cases 2 and 3
are 44 and 236.5 mm, respectively. The SAR10g in a tis-
sue at 900 MHz and 2 GHz decreases in dependence on the
distance versus wavelength between the EM source and the
tissue [15]. When the distance becomes larger in the same
way at 900 MHz and 2 GHz, the decrease of the SAR10g is
larger at 2 GHz than at 900 MHz. Therefore, the variability
of SAR10g was larger at 2 GHz than at 900 MHz.

In terms of the variability of SAR10g for the different
heights in Sect. 3.3, the maximum difference from SAR10g

value at z = 0 is +3.6 dB in the male model at 900 MHz,
whereas such difference does not appear for the male model
at 2 GHz and the female model at both frequencies. This
is because the EM wave at 900 MHz penetrates the human
body more deeply than that at 2 GHz since the fat layer is

Fig. 14 Normalized SAR distributions at 2 GHz in the axial planes of the
male and female models at the height of the feeding point.

Fig. 15 Normalized SAR distributions at 900 MHz and 2 GHz for the
male when the tablet computer model was placed at z = −100 mm.

thicker in the female model than in the male model. In addi-
tion, the SAR10g value at z = −100 mm for the male model
is approximately 1.5 dB lower than that at z = 0 for both
frequencies. Figure 15 shows the SAR distributions at z =
−100 mm normalized by the maximum SAR value at z =
0. It is shown that the distance between the skin and the
antenna is larger than other height positions for the male
model owing to the penis. Also, the SAR10g values for the
testicles at z = −100 mm for 900 MHz and 2 GHz are ap-
proximately 10.6 and 20.1 dB lower than those for all tissues
of the male model, respectively. The relative standard devi-
ations of SAR10g for the different height at 900 MHz and
2 GHz for each human model are within 40%.

In Sect. 3.4, the variability of SAR10g for the different
tilts for the male model is larger than that for the female
model, similar to the tendency shown in Sect. 3.2 because of
the thickness of the fat layer and the shape of the abdomen,
which are different for males and females. Focusing on α
= 75◦, the SAR10g values for both human models are higher
than those for the original position. This is because the ra-
diating plate of the 3G antenna faced the +z-direction when
the tablet computer model was placed at the original posi-
tion, whereas upon tilting the tablet computer model, the ra-
diating plate faced the human body. Thus, the electric field
was particularly concentrated in the narrow space between
the tablet computer and the human body in the case of α =
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75◦. The relative standard deviations of SAR10g for the dif-
ferent tilts at 900 MHz and 2 GHz for each human model are
within 20%.

The larger variability of SAR10g for the seated model
does not appear in comparison with that for various config-
urations of the tablet computer. This is because the peak
values of SAR10g appear at the abdomen in all cases, similar
to those for the standing model. The SAR10g values for the
testicles at 900 MHz and 2 GHz in the seated model were
17.6 and 26.5 dB lower than those for all tissues of the male
model, respectively.

In the further study, it is necessary to estimate SARs
from a tablet computer for children, pregnant females, and
their fetuses. This is because the shapes of the bodies of a
child and a pregnant female are different from those of an
adult male and female. Recently, the use of smart phones,
which are multifunction mobile phones with various anten-
nas such as the 3rd- and 4th-generation wireless commu-
nication systems and the Wi-Fi system, has also become
widespread. In addition, a characteristic of the new types of
the wireless radio terminals is simultaneously communicat-
ing and emitting radio waves, e.g., 3G and Wi-Fi. Therefore,
it is also important to evaluate SARs for the human body due
to different wireless communication systems and the simul-
taneous communication from smart phones and other tablet
computers.

5. Conclusion

In this paper, we used numerical analysis to evaluate the
variability of peak SAR10g imposed by various configura-
tions of a tablet computer on the human body. For these cal-
culations, numerical models of a Japanese male and female
were employed. We considered the 3G antenna (900 MHz
and 2 GHz) in the tablet computer model as the radiator of
EM waves.

We found that SAR10g for different directions of the
tablet computer was significantly affected by the relative
position between the 3G antenna and the human body, i.e.,
−7.3 dB to −22.6 dB. When the tablet computer was moved
along the z-axis in front of the abdomen, the maximum dif-
ference of the peak SAR10g is 3.6 dB in the male model at
900 MHz. On the other hand, such remarkable difference
did not appear for the other conditions, i.e., the male model
at 2 GHz and the female models at both frequencies. We
also confirmed that SAR10g for the human body increased
when the tablet computer is tilted so that the tablet com-
puter faces the abdomen of the human. Peak SAR10g for
the human body due to exposure from the tablet computer
does not strongly depend on the posture in this case, i.e.,
at most ±1.5 dB. Finally, the variability of SAR10g from the
3G antenna in the tablet computer in close proximity to the
abdomen as can be seen in the evaluations of Sects. 3.2 to
3.4 is affected by the thickness of the layer of the epidermal
tissues and the shape of the abdomen.
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