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I. INTRODUCTION 

Some research [1, 2] has been conducted to estimate the 

specific absorption rate (SAR) values in numerical human head 

models based on the measured SAR distribution in a specific 

anthropomorphic mannequin (SAM) phantom to provide the 

exposure gradient for the Interphone study [3–5], an epidemio-

logical study about mobile phone use and the risk of brain can-

cer. In [1], a method was proposed to estimate the three-di-

mensional SAR distributions in a realistic head model using the 

data obtained from compliance testing measurements. The basic 

concept is to project the SAR on the conformal plane of the 

SAM phantom to a numerical head model and then to extra-

polate the SAR inside the model from the conformal plane 

assuming an exponential decay exposure gradient in specific 

locations of the brain. A large number of mobile phone models 

released in Europe and Japan were analyzed to identify those 

models with a similar volume and location of the area above –3 

dB of the maximum SAR [2]. 

The Mobi-Kids Study [6] is a multinational epidemiological 
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case-control study of brain tumors in young people aged 10 to 

24 in relation to electromagnetic field exposure from mobile 

phones and other sources. In that study, a different approach 

was used to evaluate the SAR in human head models for mobile 

phone radiation. Mobile phone models are numerically imple-

mented to represent real commercial phones, and the SAR dis-

tributions in head voxel models are calculated. It is important to 

identify all commercial models using previous and current mar-

ket surveys because the Mobi-Kids Study fundamentally looks 

backward when examining exposure.  

We decided to investigate the SAR compliance test reports of 

commercial phone models that were released in Korea from 

2002 to mid-2013. We determined the representativeness of 

each type of model from the viewpoint of exposure assessment 

by (A) extracting the average 1-g SAR level for the test posi-

tions of the left cheek, right cheek, left tilt, and right tilt from 

the test reports and (B) measuring the SAR distributions of 

available commercial models in a flat phantom. Fig. 1 shows a 

flowchart for the development of a representative phone model. 

As the figure shows, the idea is to achieve a difference of within 

30% between the requirements and the implemented results. 

The 30% target value is the same as the expanded measure-

ment uncertainty of SAR measurement methodologies deve-

loped by international standards development organizations [7, 

8]. The physical dimensions of each model follow the average of  
 

 
Fig. 1. Flowchart for the development of a representative phone 

model. 

the same type of commercial phone models based on the test  

reports and web surveys. 

The remainder of this paper is organized as follows. In Sec-

tion II, commercial phone models are classified into 11 types by 

analyzing the SAR test reports. Detailed design requirements 

for these 11 types of phone models are given in Section III. The 

implementation results of the representative phone models are 

then described in Section IV. 

II. SURVEY AND CLASSIFICATION OF  

MOBILE PHONE MODELS 

The SAR of mobile phones has been regulated since 2002, 

and more than 1,200 models have been tested for SAR com-

pliance in Korea. The limits of spatial peak SAR in the head are 

based on IEEE Standard 95.1 [9, 10]. A mobile phone model 

should be compatible with the spatial peak SAR, that is, 1.6 

W/kg for 1 g of mass based on the measurement procedure of 

IEC 62209-1 [7].  

Code division multiple access (CDMA) and wideband CD-

MA (WCDMA) services were launched in Korea in the late 

1990s and the mid-2000s, respectively. CDMA networks have 

used the frequency bands of 824 to 849 MHz (CDMA2000 

Band Class 0) and 1,750 to 1,780 MHz (CDMA2000 Band 

Class 4). WCDMA networks have used the frequency bands of 

1,920 to 1,980 MHz (UMTS Band 1) (uplink) [11]. The 

recently launched Long Term Evolution (LTE) mostly services 

data communication such as text message use and Internet acess. 

Therefore, we considered mobile phone models for only the 

CDMA and WCDMA frequency bands.  

Fig. 2 shows the shapes of phone models released by year. 

Flip, slider, and bar types comprised the majority in the early, 

mid, and late 2000s, respectively. Since the release of smart 

phones, most recent models have been bar types.  

More than 1,400 test reports from 2002 to June 2013 were 

collected. We amassed a large amount of data,  including in-

formation about manufacturers, frequency bands, phone shapes,  
 

  
Fig. 2. Shapes of mobile phone models released in Korea. 
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antenna type (internal/external), maximum output power, body  

dimensions, and spatial peak 1-g SAR values in the four test 

positions of the left cheek, right cheek, left tilt, and right tilt at 

the center frequency for all models. Information about the an-

tenna location (top/bottom for the internal antenna, and right/ 

left for the external antenna) was also examined using SAR 

distributions in the SAM phantom and is described in a test 

report and a manual available on the Internet.  

Mobile phone models were first classified according to their 

shape, antenna type and location, and frequency bands, as   

shown in Table 1. The numbers in parentheses indicate how 

many models have been released.  

Internal antennas are mostly located at the top or bottom of 

phones. If not stated in the user manual or test report, the 

location can be determined only by taking the phone apart. The 

position of the internal antenna for 59 models could not be 

determined. The internal antenna of most bar-type models is 

located at the bottom of the phone. 

All external antennas are at the top of phones and can be 

either on the left or the right when looking at the front of a 

phone. The location can be easily determined by looking at 

pictures provided in the reports. Only 11 of 443 models with an  

 

external antenna have the antenna at the top left side of the 

phone. Flip-type models account for about 82% of all models 

with external antennas, while bar-type models comprise only 4%. 

There are basically two types of external antennas—stubby 

antennas and whip-stubby antennas. A stubby antenna pro-

trudes from the phone and does not have any movable parts 

[12]. Our investigation showed that most external antennas are 

of the whip-stubby (retractable) type or the helix stubby type. 

The whip-stubby type is a combination of a whip antenna and a 

helix stubby antenna. When the whip is extended, it dominates 

the radiation because the whip is much longer than the stubby 

and can achieve a better performance. When the whip is re-

tracted, the stubby becomes the primary radiator. 

Regarding the phone models with an internal antenna, the 

number of models is evenly spread across the CDMA BC4 and 

WCDMA services, except for the flip type with a top antenna, 

as shown in Table 1. The flip-type models with a top antenna 

were rarely used on WCDMA networks. A simple simulation 

using the finite-difference time-domain technique showed that 

the difference between spatial peak 1- and 10-g SARs at 1,765 

MHz (center frequency of CDMA2000 BC4) and 1,950 MHz 

(center frequency of WCDMA band [UMTS Band 1]) and at 

1,850 MHz in the standard flat phantom exposed to a dipole  

Table 1. Mobile phone models released in Korea since 2002

Shape Antenna type Technology 
Uplink frequency 

(MHz) 

Antenna location 

External Internal

Leftb Rightb Unknown Top Bottom Unknown

Bar 

(403)a 

External 

(19) 

CDMA (12) 824–849 0 12 0

 -  CDMA (7) 1,750–1,780 0 7 0

WCDMA (0) 1,920–1,980 0 0 0

Internal 

(384) 

CDMA (31) 824–849

- 

17 7 7

CDMA (81) 1,750–1,780 13 64 4

WCDMA (272) 1,920–1,980 9 249 14

Slider 

(420) 

External 

(62) 

CDMA (39) 824–849 0 39 0

 -  CDMA (22) 1,750–1,780 1 21 0

WCDMA (1) 1,920–1,980 0 1 0

Internal 

(358) 

CDMA (125) 824–849

- 

91 30 4

CDMA (141) 1,750–1,780 97 36 8

WCDMA (92) 1,920–1,980 25 58 9

Flip 

(594) 

External 

(362) 

CDMA (156) 824–849 5 151 0

 -  CDMA (205) 1,750–1,780 5 200 0

WCDMA (1) 1,920–1,980 0 1 0

Internal 

(232) 

CDMA (84) 824–849 40 39 5

CDMA (72) 1,750–1,780 - 30 37 5

WCDMA (76) 1,920–1,980 3 70 3

Sum 1,417 1,417 - 11 432 0 325 590 59
 

a The number of corresponding commercial models is shown in the parentheses. 
b Looking at the front of the phone.
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antenna were found to be within 6%. The SAR difference has 

gradually declined as the distance from the inner surface of the 

phantom has increased. Therefore, 1,850 MHz was the target 

frequency of a numerical model for the CDMA2000 BC4 and 

WCDMA frequency bands.  

Groups accounting for more than about 3% of all phone 

models are indicated in the bold boxes in Table 1. A numerical 

phone model with an internal antenna is intended to basically 

operate in the dual bands of 835 MHz and 1,850 MHz (1,765 

MHz for a flip type with a top antenna), even though most 

models in Korea operate in one frequency band, either the 835 

band or the 1,850 band. The group in each box is numerically 

implemented as one representative phone model according to 

the procedure shown in Fig. 1. However, a slider type with an 

internal antenna and a flip type with an external antenna are 

implemented as two phone structures, respectively: open- and 

closed-slider models for the slider type with an internal antenna 

and whip antenna and helical antenna models for the flip type 

with an external antenna.  

The internal antenna was designed as a dual band planar in-

verted F antenna (PIFA) operating at 835 MHz (center fre-

quency of CDMA2000 BC0) and 1,850 MHz representing the 

higher frequency bands (CDMA2000 BC4 and WCDMA). 

However, the flip type with a top antenna was designed to 

operate at 835 MHz and 1,765 MHz because only three models 

are equipped with WCDMA, as shown in Table 1. Based on 

the information in Table 1, a list of representative phone models 

can be drawn up, as shown in Table 2. Each model represents 

the corresponding group from the bold boxes in Table 1. 

III. REQUIREMENTS OF REPRESENTATIVE  

PHONE MODELS 

1. Analysis of SAR Compliance Test Reports  

 

The outer dimensions and 1-g SAR levels in the SAM phan-

tom of each representative model in Table 2 were determined 

by analyzing SAR compliance test reports. Information found 

on the Internet was mainly used to find the outer dimensions. 

An SAR compliance test report following IEC 62209-1 [7] and 

the local SAR limit of the Korean government [9, 10] provided 

the spatial peak 1-g SAR information about the left and right 

sides of the SAM phantom for the cheek and tilt positions at 

the center frequency of each phone model. 

The averaged SAR values and dimensions for each type of 

commercial model are shown in Table 3 and became the design 

specifications (A) of each representative model, as described in 

Fig. 1. The dimensions of the slider-type models, M2 and M3, 

are for the closed position. We measured the increased length of 

about 35 commercial phones when the slider phones were open. 

The length of M4 and M5 while open is 35 mm longer com-

pared to that of M2 and M3. The bar-type model M1 is the 

longest among the bar-, closed-slider, and flip-type models, as 

recently released phone models have larger screens. 

It is noticeable that the SAR levels on the left and right sides 

of the SAM phantom are similar to each other for each of the 

cheek and tilt positions. In this study, our goal was for the SAR 

of each numerical model to fall within 30% of the value given 

in Table 3. 
 

2. SAR Patterns of Commercial Mobile Phones 

Another important design specification can be derived from 

the measured SAR patterns of commercial phones. The SAR 

pattern in this paper denotes a two-dimensional SAR distri-

bution on a plane in a flat phantom, which is used for body 

SAR compliance tests or system validation. In the SAR dis-

tribution at the surface of a head model, the location and level of 

the maximum SAR varies according to the position of the 

phone against the head. However, the SAR pattern in the flat 

Table 2. List of representative mobile phone models 

Model Antenna type Shape Antenna location Frequency (MHz)

M1 

Internal (dual band) 

Bar Bottom

835 and 1,850, 

835 and 1,765  

for flip-top antenna 

M2 

Slider 

Closed 
Bottom

M3 Top

M4 
Open 

Bottom 

M5 Top 

M6 
Flip 

Bottom

M7 Top 

M8w 

External 

Whip 

Flip Top (right) 

835

M8h Helix 835

M9w Whip 1,765

M9h Helix 1,765
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phantom provides a useful measure for designing a numerical 

phone model. 

When a mobile phone is against the human head, the user 

generally places the earpiece of the phone to their ear to listen to 

the other person’s voice. Regardless of the position, the earpiece 

is constantly located at the ear, which is referred to as the ear 

reference point (ERP) in IEC 62209-1 [7]. Therefore, the dis-

tance and direction of the maximum SAR from the earpiece of 

a phone are very important design parameters. In this paper, the 

earpiece is assumed as a reference point in an SAR pattern.  

A total of 70 commercial phones were measured to determine 

their SAR pattern in a flat phantom. The specifications of the 

flat phantom follow IEC 62209-2 [8]. The maximum area that 

the electric field probe scanned was 120 mm  230 mm. All scan 

areas cover a –7 dB contour of the maximum SAR at a height of 

4 mm above the inner floor of the phantom. 

The number of SAR patterns for the M1, M2, M4, and M6 
type models operating at CDMA BC4 or the WCDMA fre-

quency band were 12, 9, 10, and 15, respectively. Therefore, M1,  

 
M2, M4, and M6 were designed to operate at 1,850 MHz with 

requirements (A) and (B) shown in Fig. 1. Because the number 

of patterns of the remaining models was five or less, we judged 

to be insufficient to characterize a representative pattern and the 

design of these models was processed using only requirement 

(A). 

Fig. 3 shows some measured SAR patterns of commercial 

bar-type phones with the antenna at the bottom. Their fre-

quency band is CDMA BC4 or WCDMA. These patterns 

were used to develop M1H. Although 12 commercial models 

were measured, only five patterns are shown due to a lack of 

space. In each SAR pattern, the red point indicates the maxi-

mum SAR, and the bold closed red line is the –3 dB contour of 

the maximum SAR. 

The graph in the lower right-hand corner shows the para-

meters required for a representative pattern. Here, ‘’ and ‘d  ’ 

are the direction angle (degrees) and the distance (mm) of the 

maximum SAR point from the earpiece, respectively, and ‘S ’ 

indicates the area (mm2) above –3 dB in the pattern. 

Table 3. Design requirement (A): phone dimensions and SAR levels in the SAM phantom

Phone type 
Dimensions (mm)a Frequency 

(MHz)

Spatial peak 1-g SAR (W/kg) 

W L T Left cheek Right cheek Left tilt Right tilt

Bar M1 61 120 12 1,850 0.683 0.642 0.348 0.341

Slider 

M2 

49 100 19 

835 0.590 0.568 0.351 0.344

1,850 0.687 0.669 0.391 0.391

M3 835 0.549 0.548 0.409 0.390

1,850 0.642 0.672 0.616 0.606

M4 

49 135 19 

835 0.573 0.598 0.348 0.349

1,850 0.573 0.597 0.397 0.390

M5 835 0.570 0.572 0.300 0.289

1,850 0.555 0.572 0.467 0.446

Flip 

M6 

48 93 21 

835 0.550 0.543 0.190 0.191

1,850 0.487 0.521 0.193 0.178

M7 835 0.791 0.850 0.248 0.256

1,765 0.668 0.743 0.158 0.174

M8w 835 0.730 0.828 0.234 0.214

M8h 835 0.735 0.825 0.211 0.207

M9w 1,765 0.558 0.579 0.188 0.182

M9h 1,765 0.788 0.811 0.206 0.186

Data from 1217 SAR compliance test reports were used. 
a ‘W ’, ‘L’, and ‘T  ’ indicate the width, length, and thickness of phones, respectively. 

 

Left cheek Left tilt Right cheek Right tilt 
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Fig. 3. Measured SAR patterns of M1-type commercial phone models 

(CDMA BC4 or WCDMA). 

 

 
Fig. 4. Measured SAR patterns of M4-type commercial phone models 

(slide, open state, antenna at bottom, CDMA BC4 or WC-

DMA). 

 

Table 4. Design requirement (B): SAR pattern 

Model 
The maximum SAR S  

(mm2)d (mm)  (deg) 

M1 96 264 1,405

M2 85 268 1,727

M4 111 268 2,515

M6 168 267 1,229

Similarly, Fig. 4 shows several SAR patterns of M4-type 

commercial models. A small number of models showed another 

contour isolated from the –3 dB contour that included the ma-

ximum SAR point. For example, patterns with two areas above 

–3 dB are shown on the left side of Fig. 4. 

The average values of ‘d  ’, ‘’, and ‘S ’ for each type are 

summarized in Table 4. The values were obtained by averaging 

those of the measured patterns (CDMA BC4 or WCDMA). It 

is noteworthy that the directions of the maximum SAR 

points are very similar to each other, although they depend 

on the phone length and feed location of the antenna. The 

distance of the maximum SAR point for the M6 type is even 

farther compared to the other types because the extended 

length of a flip-type phone becomes almost double. 

IV. IMPLEMENTATION RESULTS OF REPRESENTATIVE 

PHONE MODELS 

1. Structure and Characteristics of Representative Phone Models 

Commercial phones are composed of a huge number of com-

ponents and materials, but in this study they were simplified to 

contain only the essential parts to meet the design requirements 

in Tables 3 and 4. The resultant numerical phone models con-

sist of the main elements, including the casing, the liquid-crystal 

display (LCD) parts, a battery, a main board, a metal chassis, an 

antenna, and an antenna carrier, that affect the electrical per-

formance of the phone. Generally, the metallic components play 

an important role in the radiation performance of the antenna, 

while the nonmetallic elements, such as plastic materials, affect 

the resonant frequency. The dielectric properties of the com-

ponents shown in Table 5 are from previous studies [13, 14]. 

The metallic parts were modeled as a perfect electric conductor 

(PEC) and are the antenna, main board, battery, metal chassis, 

connector, and earpiece. 

The performance of an internal antenna, such as a PIFA, 

greatly depends on the ground conditions. Moreover, the loca- 
 

Table 5. Dielectric properties of key components for numerical phone 

models 

Component 
Relative 

permittivity, r 

Conductivity,  

(S/m)

Casing 3.5 0.02

LCD glass 4.5 0.01

LCD dielectrics 3.0 0.01

Antenna carrier 2.5 0.003

Antenna, ground, main 

board, metal chassis, 

battery, connector, 

earpiece

Perfect electric conductor 
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tion of the antenna and dimensions of the chassis are key factors 

influencing the radiation characteristics of a mobile phone. In 

this study, the ratio of the SAR at the cheek position to the 

SAR at the tilt position should be optimized to meet the re-

quirements in Table 3. The metal chassis was employed to 

adjust the SAR ratio by altering the distance from the top of the 

phone model to the chassis. 

Fig. 5 shows the SAR ratio between the tilt and cheek po- 

 

 
Fig. 5. Metal chassis and SAR ratio between the tilt and cheek po-

sitions (M1, 1,850 MHz, right side of the SAM phantom). 

 

sitions on the right side of the SAM phantom. The changes in 

distance ‘L’ do not significantly influence the SAR at the cheek  

position. However, in the tilt position, the SAR gradually in-

creased with the increase in ‘L’. This technique was also applied 

to the implementation of the other phone models. 

The spatial resolution of the final structures is 1 mm  1 mm 

 1 mm, except for the antenna part where the thickness of the 

dielectric cover and helical wire are 0.5 mm. Fig. 6 shows the 

structures of some representative phone models. Slide-type mo-

dels in the open and closed positions are a little different in st-

ructure to meet the average SAR patterns and levels of co-

mmercial models. The open angle, 154°, of the flip-type models 

is the measured average of the commercial models. 

A commercial electromagnetic simulation tool, SEMCAD X 

[15], with an FDTD solver was used for the reflection coeffi-

cient and SAR calculation. The spatial peak 1-g SAR was cal-

culated according to IEEE Standard C95.3 [16]. 

As previously stated, the internal antenna of the phone mo-

dels was designed to operate in two frequency bands. The return 

loss was calculated when a phone model is at the cheek and tilt 

positions of the SAM phantom, when the phone model is at  

 

       

            M1                                    M2                            M4 

             
M6                           M7                                            M8h 

Fig. 6. Structure of representative mobile phone models. 
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distance of 5 mm from the flat phantom, and when only the 

phone model exists. All models showed a return loss of more 

than 7 dB at each target frequency; some of the results are sh-

own in Fig. 7. 

 

2. SAR Pattern 

Seventeen SAR patterns of all representative models in Table 

2 are provided in Fig. 8. As stated in Section II, the target 

frequencies are 835 MHz and 1,850 MHz for the internal 

antenna of M1 to M6. In the case of M7, 1,765 MHz is used 

instead of 1,850 MHz, as stated previously.  

M1, M2, M4, and M6 at 1,850 MHz were designed with 

requirements (A) and (B) in Fig. 1. Requirement (B) for the 

SAR pattern is given in Table 4. Here, ‘d ’, ‘’, and ‘S ’ in the 

patterns of M1, M2, M4, and M6 were satisfied within the 30 % 

requirements except for the area above –3 dB of M2, as shown 

in Table 6.  

M2 showed two clear concentrations of electromagnetic 

absorption at 1,850 MHz, but the second concentration is on 

the verge of creation in the case of M3. If the electric length of 

the ground is longer than half the wavelength, the second 

concentration is created in the SAR pattern. Meanwhile, slider-

type phone models have two parts: the top part that slides up 

that consists of elements such as the casing, the LCD part, and 

a metal chassis and the bottom part that consists of elements  

 

 
(a) 

 

 
(b) 

Fig. 7. Return loss. (a) M1 and (b) M4. 

Table 6. Design results: SAR patterns of representative phone models 

(CDMA BC4 or WCDMA) 

Model 
The maximum SAR S  

(mm2) d (mm)  (deg) 

M1 105 (+9.3) 263 (–0.4) 1,116 (–20.6) 

M2 81 (–4.7) 268 (+2.6) 2,397 (+38.8) 

M4 118 (+6.3) 264 (–1.5) 2,708 (+7.7) 

M6 172 (+2.4) 268 (+0.4) 928 (–24.5) 

Values in parentheses are presented as number (%). 

 

such as the casing, the main board, the battery, and the antenna 

part. When the phone is closed, an empty space is formed bet-

ween the two parts and the electromagnetic field stuck therein 

may produce another absorption concentration. 

Most of the measured SAR patterns of eight M2-type co-

mmercial models showed two concentrations, but the second 

one was very weak. Therefore, a total area ‘S ’ above –3 dB of 

the M2 model exceeded the requirements shown in Table 6. 

Further structural and electromagnetic analyses are needed to 

control the SAR strength of the second concentration. 

 

3. SAR Levels in the SAM Phantom 

The SAR values of the representative phone models in the 

SAM phantom are shown in Table 7. Each representative phone 

model was intended to satisfy the SAR requirements of Table 3 

within 30% for all positions at one output power level. For 

example, in Table 3, the target SAR values of M1 at 1,850 MHz 

were 0.683, 0.642, 0.348, and 0.341 W/kg for the left cheek, 

right cheek, left tilt, and right tilt positions at the average 

maximum output power, respectively. The simulation results of 

the implemented M1 provided SAR values of 0.731, 0.543, 

0.402, and 0.324 W/kg for the four positions, respectively. The 

SAR differences from the target values are +7%, –15%, +16%, 

and –5%. The absolute value of the maximum difference for 

each model is given in the last column in Table 7. The difference 

was consistently less than 30%, except for M6 at 1,850 MHz. 

For simplification of the numerical models, unified dimen-

sions of 48 mm  93 mm  21 mm are used for the flip-type 

phone models listed in Table 3, which were determined from all 

commercial flip-type models irrespective of the antenna type 

and location. However, more recently released M6 type mostly 

providing WCDMA service, tends to be longer in body length 

for a wider display; the average dimensions of the commercial 

M6 models were 51.1 mm  103.4 mm  15.3 mm. The length 

of a phone body with the antenna at the bottom significantly 

affects the SAR level at the cheek position because the longer 

body results in a greater distance between the antenna and the 

cheek of the head phantom.  



LEE et al.: NUMERICAL IMPLEMENTATION OF REPRESENTATIVE MOBILE PHONE MODELS FOR EPIDEMIOLOGICAL STUDIES  

95 

  
 

 
The SAR values of M6 operating at CDMA BC4 or WC-

DMA have a wider gap between the tilt and cheek positions 

compared with those in Table 3, even when the SAR difference 

between the right and left sides is negligible. This seems to  

 
produce a relatively high SAR in the cheek position because the 

length of M6 is about 10 mm shorter compared with co-

mmercial M6-type models. 

The output power of a phone model required for the opti-

 

1,850 MHz    835 MHz    1,850 MHz       835       1,850           835        1,850         835        1,850 

M1                 M2                       M3                       M4                      M5 

 

 
835       1,850           835         1,765            835           1,765            835          1,765 

M6                         M7                   M8w           M8h            M9w           M9h 

Fig. 8. SAR patterns of the representative phone models. 

 

Table 7. SAR levels in the SAM phantom for representative phone models

Phone model 
Frequency 

(MHz) 

Output power 

(mW) 

Spatial peak 1-g SAR (W/kg) 

Left cheek Right cheek Left tilt Right tilt Max diff. (%)

Bar M1 1,850 224 0.731 0.543 0.402 0.324 16

Slider 

M2 835 200 0.614 0.602 0.335 0.324 6

1,850 170 0.660 0.556 0.457 0.377 17

M3 835 207 0.570 0.552 0.392 0.389 4

1,850 177 0.685 0.625 0.577 0.567 7

M4 835 188 0.681 0.672 0.289 0.282 19

1,850 278 0.568 0.591 0.411 0.377 4

M5 835 242 0.572 0.555 0.293 0.298 3

1,850 122 0.626 0.578 0.404 0.429 14

Flip 

M6 835 118 0.495 0.455 0.220 0.214 16

1,850 173 0.675 0.453 0.130 0.110 38

M7 835 144 0.999 0.928 0.186 0.187 27

1,765 106 0.597 0.541 0.201 0.201 27

M8w 835 147 0.902 1.035 0.175 0.181 25

M8h 835 147 0.866 1.009 0.166 0.161 22

M9w 1,765 97 0.424 0.723 0.201 0.225 25

M9h 1,765 99 0.612 0.868 0.196 0.229 23
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mum SAR levels to meet the requirements in Table 3 is also 

shown in Table 7. This power level, however, may be different 

from the maximum power levels when commercial phone mo-

dels are tested for SAR compliance. Most of the commercial 

models include shielding materials or components for SAR 

reduction and electromagnetic interference countermeasures 

[17–19]. Therefore, a simplified representative model generally 

provides similar SAR levels at a lower power than the maximum 

possible power of commercial models. 

The output power values between M2 and M4 at the high 

frequency are quite different, even though their structures are 

fundamentally similar, except for the position of the slider. 

Some slider-type models allow phones to be used only when 

open. About 20%–40% of all slider models are of this type, and 

the percentage varies a little according to frequency band and 

antenna location. It was found that the commercial models of 

M2 and M4 types are very different in the high frequency band, 

which made a big difference in output power levels.  

The difference between the output power levels of the repre-

sentative and real commercial phone models does not matter 

when estimating SAR in the human head for a specific real 

phone. A method to evaluate SAR in a human head model 

exposed to a commercial phone model is proposed in the next 

section. 

V. DISCUSSION 

SAR compliance test reports provide the spatial peak 1-g 

SAR information measured with the maximum output power of 

the corresponding mobile phone based on international mea-

surement standards and the local SAR limit given by Korean 

government. The technical standards of the Korean government 

for radio communications equipment state that a mobile device 

should transmit power lower than 2 W [20]. However, in prac-

tice, the maximum possible power of commercial mobile phones 

released in Korea is below 500 mW, and most have 250 or 300 

mW according to the SAR compliance test reports. 

As stated above, the simplified representative models in Table 

7 generally provide similar SAR levels at a lower power than the 

maximum of commercial models. The SAR of a specific co-

mmercial phone in a given real environment would be estimated 

for an epidemiological study. There are two factors that signi-

ficantly affect the SAR level during real use. The first is that 

commercial phones have a wide range of SAR levels even th-

ough they belong to the same class. 

Fig. 9 shows the scatter plots obtained using the 1-g peak 

spatial SAR data from the SAR test reports. For commercial 

phones of the same type, the SAR values on the left and right 

sides of the phantom are very similar, and the correlation was 

good (0.6–0.9). However, the SAR information from the test  

 
(a)                       (b) 

Fig. 9. Scatter plot of the 1-g peak spatial SAR values measured on the 

left and right sides of the SAM phantom for the M1 type of 

commercial phone models (CDMA BC4 or WCDMA) [21]. 

(a) Cheek position and (b) Tilt position. 

 

reports should be reflected in SAR estimation in the human 

head because the SAR values vary considerably according to 

phone model. To reduce the SAR gap between a specific co-

mmercial phone model and its representative model, the SAR 

factor for different types of phone models has been studied in 

[21]. 

The other factor is that real transmitted power in operating 

networks is time varying and generally much lower compared to 

the exposure measured in laboratories with the maximum power. 

The information on the real exposure of study subjects is very 

important for epidemiological studies. Several studies have been 

published about the transmitted (Tx) and received (Rx) power 

variation of mobile phones in operating networks and the esti-

mated exposure in the human body. 

The previous studies on the output power of mobiles phones 

in operating networks were mainly conducted in European co-

untries [22–24]. The 3G UMTS (WCDMA) is available in 

Asia as well as in Europe and North America. However, there 

seems to be a lack of data in Asia; therefore, the authors are 

investigating the Tx and Rx power set of CDMA2000 BC0, 

BC4, and WCDMA terminals in Seoul and Gyeonggi Province, 

Korea. The influence in indoor/outdoor and rural/urban, envi-

ronments will be considered for data collection in each network 

of operators. The deviation between the powers of different 

phone models in the same class will be also investigated. Mea-

surement data are collected using commercial mobile phones 

controlled by software (OPTis-S; Innowireless Co. Ltd., Seong-

nam, Korea) on a notebook computer. 

Assuming that the SAR in a numerical head model (Head1) 

exposed to M6 is SARHead1, M6. To assess real exposure, (SARHead1, 

A-xx) of a study subject who used a commercial flip-phone model 

(A-xx) of the M6 type, we can employ the following equation: 
 

 

     (1) 
Head1, A-xx A-xx Head1, M6

max_A-xx

Tx power (W)
SAR  = SF SAR

P (W)
 
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where SFA-xx is the SAR factor of a commercial phone model 

(A-xx) based on its SAR test report and the SAR data cal-

culated in the SAM phantom for M6 [21]. The Pmax_A-xx is the 

maximum allowed power of the phone model A-xx and is given 

in the corresponding test report. Tx power is the logged real 

power emitted from the phone during communications. 

VI. CONCLUSIONS 

To investigate the health risks related to mobile phone use, 

the first step in an exposure assessment is to determine the SAR 

distribution and level in subjects’ brains resulting from mobile 

phone radiation at the maximum power. The SAR distribution 

and level in a human brain exposed to radiation from a mobile 

phone depend on many factors, such as the phone structure, 

operating frequency, shape and location of the antenna, head 

size, and use position [25]. 

In this study, we proposed 11 numerical phone models re-

presenting commercial mobile phones that have been released in 

Korea since the government began to regulate the SAR from 

mobile phones. SAR compliance test reports for most commer-

cial mobile phone models were collected, analyzed, and cla-

ssified. The average spatial peak 1-g SAR values at the center 

frequency for the same categories of phones were obtained. The 

SAR distributions of commercial phones in a flat phantom were 

measured to determine the typical SAR pattern of each category 

of commercial phone models. The numerical phone models 

were designed to meet the representative spatial peak 1-g SAR 

values and SAR pattern. However, the SAR pattern require-

ments for several types were not available because there were 

difficulties in purchasing older models, often because few co-

mmercial models of the corresponding type were released.  

SAR calculations were completed in anatomical head models 

for the representative phone models. We plan to work on the 

following tasks in the near future:  
 

- Identification of the commercial phone models reported by 

study subjects and determination of the SAR factors for 

each specific phone model. 

- Collection and analysis of phone output power data for va-

rious environments, technologies, and frequency bands. 
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