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Abstract— Recently, wireless radio terminals such as mobile 

phones and tablet computers are increasing and developing 

rapidly. The effects of the electromagnetic (EM) waves in the 

human body from the wireless radio terminal have been paid 

attention. Therefore, we have calculated the specific absorption 

rate (SAR) in human tissues radiated from simple EM source 

models as like dipole antennas. In this paper, we constructed 

high-resolution numerical model of the flip phone and tablet 

computer. In addition, we compared the SARs in human body 

from the flip phone and the tablet computer using the finite-

difference time-domain (FDTD) method. As the results, we found 

the SARs by the flip phone are higher than those by the tablet 

computer. All calculated SARs are below the safety guideline for 

RF energy exposure set up by the International Commission 

Non-Ionizing Radiation Protection (ICNIRP). 

Keywords—Specific absorption rate; Wireless radio terminal; 

Numerical model; Finite-difference time-domain method 

I.  INTRODUCTION 

Recently, electromagnetic (EM) devices, which are usually 
used in vicinity of the human body, are developing and 
increasing rapidly. Therefore, the public concern about the 
influence of EM waves radiated from wireless radio terminals 
become more interesting. Absorbed EM energy mainly 
provides the thermal effect in tissues. The specific absorption 
rate (SAR) is used as a standard dosimetric parameter for EM 
wave exposure [1]. The SAR is defined using the following 
equation (1): 

 (1) 

where   is the conductivity of the tissue (S/m),   is the density 
of the tissue (kg/m

3
), and E is the internal electric-field strength 

(V/m). Since measurements of SARs in the human body are so 
difficult because of the ethic issue, in this study, we evaluated 
the SARs using the computation with numerical models of the 
human. 

Previously, we have calculated the SAR in the human body 
exposed EM waves radiated from the simple EM sources such 
as dipole antennas and planar inverted-F antennas with a 
metallic case [2]. However, there can be different influence to 
the human body between simple EM sources and actual 
wireless radio terminals. In addition, SAR evaluations in the 
human body from a tablet computer whose user is increasing in 
recent years as a new type of the wireless radio terminal have 
not enough. In this paper, we constructed the high-definition 
numerical model of the typical tablet computer and flip phone. 
Moreover, we compared calculated SARs from the flip phone 
to those from tablet computer using a female model. 

II. DEVELOPMENT OF EM SOURCE MODELS 

On the basis of shapes and lengths on actual parts such as a 

print circuit board (PCB), battery and antenna, components in 

the EM source models are constructed correctly using the 

computer aided design (CAD). In this study, although the EM 

source models include several antennas, we focused on the 

transmitting antenna for the 3rd generation (3G) 

communication system due to high radiation power. Therefore, 

operating frequencies are 900 MHz and 2 GHz bands. 

In order to assess the validation of the EM source models, 

we calculated the reflection coefficient in a free space. 

Furthermore, we compared SAR distributions between 

measurements and calculations. In this study, we performed 

calculations by the XFdtd ver. 7.2.2.2 [3]. 

A. Flip phone model 

Fig. 1 shows the high-definition closed flip phone model 
with 0.1 × 0.1 × 0.1 mm

3
 voxel grid. The size of the flip phone 

model is 49.0 × 112.1 × 16.6 mm
3
. The structure of the 

transmitting antenna for 3G is described in Fig. 1. As shown 
Fig. 1, the antenna for 3G is inverted-F antenna because of the 
shorting and feeding. 
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Fig. 1. Numerical model of the flip phone. 

 

Fig. 2. Reflection coefficient at the transmitting atenna for 3G in a free space. 

Fig. 2 shows the result of the reflection coefficient. We 
found the reflection coefficients at 900 MHz and 2 GHz are 
below -6 dB, respectively. Fig. 3 shows the measurement 
system for SAR distributions by the flip phone using the 
dosimetric assessment system (DASY). Fig. 4 shows the 
calculation model same for the condition of the measurement 
system. The physical properties of the liquid phantom are εr = 
41.0,   = 0.9 S/m,   = 1,081 kg/m

3 
(at 900 MHz), εr = 38.8,   = 

1.4 S/m, 1,061 kg/m
3 

(at 2 GHz), respectively. The physical 
properties of dielectric (a case of the liquid phantom) are εr = 
3.7,   = 0.0,   = 1,000 kg/m

3
, respectively. The depth of the 

observation plane is 5 mm from the surface of the dielectric. 
Fig. 5 shows the result of measured and calculated SAR 
distributions. SAR distributions are normalized by each 
maximum SAR value respectively. In Fig. 5, we obtain the 
similar tendencies at both frequencies. For these results, we 
confirmed the validity of the flip phone for SAR evaluations. 

 

 

Fig. 3. Measurement system for SAR distributions by the flip phone. 

 

 

 

Fig. 4. Calculation model for SAR distributions by the flip phone model. 

 

Fig. 5. Results of measured and calculated SAR distributions. 

B. Tablet computer model 

Fig. 6 shows the tablet computer model with 0.5 × 0.5 × 0.5 
mm

3
 voxel grid. The size of the tablet computer model is 186.0 

× 241.5 × 8.0 mm
3
. The structure of the antenna for 3G is 

illustrated in Fig. 7. The antenna for 3G in the tablet computer 
model is also inverted-F antenna and connected to the main 
PCB by the coaxial. 

 

Fig. 6. Numerical model of the tablet computer. 

 

Fig. 7. Structure of the antenna for 3G. 
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Fig. 8. Reflection coefficient at the antenna for 3G in a free space. 

Fig. 8 shows the reflection coefficient in a free space. As 
shown Fig. 8, the antenna for 3G resonated at 900 MHz and 2 
GHz bands. In this study, the reference [4], which was 
measured the SAR distributions by tablet computer we 
modeled using the electric-field probe, was employed as the 
measurement results. Fig. 9 shows the calculation model under 
the same conditions of the measurement system. The physical 
properties of the liquid phantom are εr = 54.6,   = 1.0 S/m,   = 
1,000 kg/m

3 
(at 900 MHz), εr = 51.9,   = 1.5 S/m,   = 1,000 

kg/m
3 

(at 2 GHz), respectively. The physical properties of 
dielectric (a case of the liquid phantom) are εr = 4.5,   = 0.0 
S/m,   = 1,000 kg/m

3
, respectively. The depth of the 

observation plane is 5 mm from the surface of the dielectric. 
Fig. 10 shows the results of the measured and calculated SAR 
distributions. SAR distributions are also normalized by each 
maximum SAR value respectively. As shown Fig. 10, 
calculated results were in good agreement with measured 
results at both frequencies. 

 

Fig. 9. Calculation model for SAR distributions. 

 

Fig. 10. Results of measured and calculated SAR distributions. 

III. SAR EVALUATIONS IN HUMAN BODY 

A. Calculation model 

Fig. 11 shows the calculation model when the EM source 
models were placed close to the abdomen on the numerical 
model of Japanese female [5]. Electric properties and densities 
of tissues and organs are referenced in [6]. In this study, for the 
worst case evaluation, the input powers were 0.25 W at both 
frequencies in consideration of the maximum power in the 3rd 
mobile communication system. The height of feeding points 
each EM source model is 110 mm below the navel of the 
female model in view of the actual situation using a tablet 
computer, moreover in order to compare SARs between the 
tablet computer and the flip phone in the same condition. The 
tablet computer model placed horizontally. The median line of 
the female model corresponds to the bisector of the short side 
of the flip phone model and the tablet computer model. The 
distance between the surface of the female model and the EM 
source model was 10 mm.  The cell size of the female model is 
2.0 × 2.0 × 2.0 mm

3
, therefore the non-uniformed cell was 

employed (flip phone: 0.1 – 2.0 mm, tablet computer: 0.5 – 2.0 
mm). The entire calculation regions of the flip phone and tablet 
compute model were 768 × 768 × 1668 mm

3
. We used perfect 

matched layer boundary condition (eight layers) for the 
boundaries of the both calculated regions. The calculations 
were performed by XFdtd ver.7.2.2.2 [3]. 

 

 

                           (a)                                                            (b) 

Fig. 11. Calculation model for when (a) flip phone model (b) tablet computer 

model was placed close to the abdomen on the numerical model of female. 

B. Results 

TABLE I shows the peak 10-g-averaged SAR in the female. 
In comparison with the frequencies, 10-g-averaged SARs at 2 
GHz are higher than those at 900 MHz locally. Moreover, we 
also confirmed the 10-g-avreraged SARs by the flip phone 
model are higher than those by the tablet computer model. 

TABLE II shows the whole-body-averaged SAR. As shown 
in TABLE II, whole-body-averaged SARs at 900 MHz are 
higher than those at 2 GHz in contrast to the 10-g-averaged 
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SAR. This is because the wavelength at 900 MHz is longer 
than 2 GHz. Therefore, the EM wave at 900 MHz penetrates 
human body deeply. Compared to the EM sources, whole body 
SARs by flip phone model are also higher than those by the 
tablet computer model. 

 

TABLE I.  PEAK 10-G-AVERAGED SAR 

 

TABLE II.  WHOLE-BODY-AVERAGED SAR 

 

 

IV. CONCLUSION 

In this paper, firstly we developed the high-resolution flip 
phone and tablet computer models. We confirmed the 
validation of both EM source models in the reflection 
coefficient and comparison of the SAR distributions between 
measurements and calculations. Secondly, we estimated the 10-
g-averaged SARs and the whole-body-averaged SARs in the 
human body due to the flip phone and the tablet computer 
models.  

As the result, we found the 10-g-averaged SARs by a flip 
phone are higher than those by a tablet computer. In the case of 
localized EM exposure to human body, the SARs is locally 
higher at 2 GHz, on the other hand, the total amount of the EM 
exposure is higher at 900 MHz. Furthermore, we confirmed the 
all calculated SARs are below the ICNIRP safety guideline for 
EM exposures (10-g-averaged SAR should be less than 2 W/kg, 
whole-body-averaged SAR should be less than 0.08 W/kg) [7] 
sufficiently. In near future study, we will evaluate SARs in a 
pregnant female and her fetus exposed to EM waves radiated 
from the flip phone model and the tablet computer model. In 
addition, we will estimate temperature elevations in the human 
body. 
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EM source
Peak 10-g-averaged SAR [W/kg]

900 MHz 2 GHz

Flip phone model 0.75 1.22

Tablet computer 

model
0.42 0.98

EM source
Whole-body-averaged SAR [×10-3 W/kg]

900 MHz 2 GHz

Flip phone model 3.87 3.26

Tablet computer 

model
2.19 1.99
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