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1  Introduction

The radio radiation protection guidelines
were issued to prevent adverse health effects
associated with an excessive increase in the
temperature of the human body due to high-
frequency electromagnetic field exposure［1］.
These guidelines were revised in 1997, and
new partial-body absorption guidelines target-
ing wireless devices used in close proximity to
the body, such as cellular phones, were
appended［2］. The additional guidelines stipu-
late that local SAR, averaged over 10 grams of
a given body tissue (excluding the extremi-
ties), may not exceed 2 W/kg.

In 2000, a methodology was established
for demonstrating compliance with local SAR
guidelines for portable wireless terminals,
such as cellular phones, used near the temple
region［3］, and as of June 2002, it has become
compulsory to conduct a local SAR-guidelines

compliance test on portable wireless terminals
such as cellular phones. Moreover, with the
establishment of an international standard for
SAR measurement in the human head［4］, revi-
sions have been made to the standard mea-
surement method used in Japan［5］. Figure 1
shows the basic concept of the standardized
SAR measurement method. A shell consisting
of lossless dielectric material simulating the
shape of the human head is filled with liquid
having dielectric properties similar to those of
head tissues. The local maximum SAR within
the head is measured by scanning with a small
isotropic electric-field probe.

At NICT, research efforts have continued
toward the establishment of a measurement
method that will ensure successful standard-
ization both within Japan and internationally,
along with efforts to develop a calibration
method for the SAR measurement systems.
This paper introduces an outline of such
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research and development.

2  Standard SAR measurement
method

2.1  Studies on phantom head shape
A model having dielectric properties simi-

lar to those of the human body is substituted
for an actual human body when making SAR
measurements for exposure to radiofrequency
radiation. This substitute model is often
referred to as a “phantom”. The phantoms
used in the compliance test on cellular phones,
etc., for the partial-body absorption guidelines
all have the same shape throughout the world.

This standard head phantom has the dimen-
sions of a 90 th percentile Caucasian male and
is referred to as the “specific anthropomorphic
mannequin” (or SAM; Fig. 2). The SAM
model is also used as the standard head model
in Japan, although the model is significantly
larger than the average head of a Japanese
adult. Thus, we investigated the validity of use
of the SAM model［6］. 

Investigations were also made on the effect
of the shape of the pinna located nearest to the
antenna-feed point of a cellular phone on SAR
distribution. Based on the results, we deter-
mined that the pinna shape has a significant
effect on SAR distribution for the head,

Fig.1 Basic concept of standard SAR measurement method

Fig.2 International standard head model (SAM)
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although not as significant as the effect of dif-
ferences in orientation of the cellular phone［7］.
The results of this study have been cited in the
IEEE standard［8］. However, both the IEEE and
The International Electrotechnical Commission
(IEC) recommend the use of a thin, lossless
dielectric spacer as the pinna, taking into con-
sideration the additional complexity to mea-
surement procedures of filling the pinna with
lossy dielectric material, and also due to the
possible underestimation of head SAR due to
increased distance between the head and anten-
na as a result of the presence of the pinna.

In these studies, head phantoms (with and
without pinna) having the dimensions of the
average Japanese male head were developed
and used along with a head phantom having
the dimensions of a 90th percentile Caucasian
male (Fig. 3).

These studies have verified the applicabili-
ty of the international standard head phantom
(SAM) to compliance tests carried out for
Japanese adults. Current studies are underway
to determine the optimal phantom shape for
evaluating the effect of portable wireless ter-
minals used in positions other than near the
head.

2.2  Studies on the phantom liquid
The head phantom is filled with liquid

having dielectric constants equivalent to those
of human head tissues. The dielectric con-
stants of the liquid are adjusted so that the
head phantom will return SAR values larger
than those of an actual human head, which
consists of several types of tissues with vary-

ing electrical properties［9］. Table 1 presents
the target values for the dielectric constants of
the phantom liquid.

Although research and development is
underway to produce phantom liquids having
the constants shown in Table 1, it is difficult to
prepare a liquid that simultaneously satisfies
the target values for relative permittivity and
conductivity for the frequency of interest. In
particular, the preparation of phantom liquids
having the target dielectric constants for fre-
quencies above 1 GHz required the use of
alcohols that are hazardous to the environ-
ment. To avoid the use of such alcohols, NICT
has collaborated with the National Physical
Laboratory (NPL) of the United Kingdom and
Bristol University to develop liquid composi-
tions featuring smaller environmental loads［10］.

When phantom liquids are used over an
extended period of time, their composition
changes due to the evaporation of water,
resulting in altered dielectric constants. Fur-
thermore, changes in liquids’ temperatures
also can affect dielectric constants. To exam-
ine such effects, NICT investigated tempera-
ture dependence and charted variations in
dielectric constants with a change in the com-
position of a phantom liquid［11］.

Generally, the dielectric constants of the
phantom liquid have been measured using
commercial open-ended coaxial probes. How-
ever, the uncertainty and the traceability of the
measuring system are not yet clearly deter-
mined. Therefore, NICT has implemented the
dielectric-constant measurement system devel-
oped by the NPL of the UK in order to con-

Fig.3 Head phantoms (with or without pinna)
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duct a comparative study between various
such systems. Further, in an effort to establish
standard samples for validation testing of the
measurement system, round-robin dielectric-
constant measurements for various liquid sam-
ples are being performed by multiple research
institutes in Japan and abroad.

Through these research activities, it should
become possible to establish a method for
preparing and maintaining phantom liquids
easily and to keep the dielectric constants of
the liquid at target values, and to contribute to
improved reproducibility of measurement dur-
ing compliance tests. Current efforts are being
devoted to the development of a higher-perfor-
mance phantom liquid that will realize the tar-
get dielectric constants for multiple frequen-
cies with a single composition, or with
improved temperature dependence, for exam-
ple.

2.3  Studies on the evaluation of Type-
A uncertainties

The international standard for SAR mea-
surement established in 2005 requires a
detailed evaluation of uncertainties. The stan-
dard emphasizes in particular that multiple
measurements are required in order to perform
statistical evaluation of the error associated
with the placement by the operator of the cel-
lular phone under test in the designated posi-
tion immediately beneath the head phantom,
and on the various effects of the low-loss
dielectric holder retaining the cellular phone.
Such uncertainties are referred to as Type-A
uncertainties. A collaborative effort has now
been undertaken by NICT, the Telecom Engi-

neering Center, and NTT Docomo to evaluate
Type-A uncertainties for cellular phones in
Japan［12］.

3  SAR calibration method

3.1  Construction of a waveguide SAR
calibration system and evaluation
of uncertainty 

The small isotropic electric-field probe
(referred to below as the “SAR probe”) out-
puts, via high-resistance lines, DC signals pro-
duced by diode detection of the voltage
received by small dipoles oriented in an
orthogonal tri-axial array, as shown in Fig. 5.
Because the output DC signals are produced
by diode detection, they are proportional to
the RMS value of the intensity of the received
electric field. Furthermore, since there is little
coupling between the high-resistance line and
the high-frequency electromagnetic field, dis-
turbances in the electromagnetic field distribu-
tion near the probe are minimized during the
measurement of electric-field intensity.

When performing measurements using the
SAR probe, it is necessary to determine the
sensitivity (calibration factor), which relates
the measured electric-field intensity to the out-

Table 1 Existing traceback methods

Fig.4 Example of a compositional ratio
matrix of phantom liquids
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put DC voltage. Normally, the calibration of
antennas is performed in radio anechoic cham-
bers or at outdoor sites. In the case of SAR
measurements, however, the calibrations must
be made with the probe immersed in the phan-
tom liquid used in actual SAR measurements,
since the SAR probe calibration factor is
dependent on the electrical characteristics
around the probe.

Several SAR probe calibration methods
have been proposed to date, and NICT has
selected for implementation the waveguide
SAR calibration system recommended under
the international standard of measurement
(Fig. 6). In this system, the waveguide is
placed upright and positioned above a contain-
er filled with phantom liquid atop a quarter-
wave (λ/4) dielectric plate matched to the
phantom liquid. In this case, the electric-field
intensity distribution generated within the liq-
uid can be calculated theoretically based on
the electric power input to the waveguide.

Thus, SAR probe calibration can be performed
by inserting the target SAR probe into the liq-
uid and measuring the output voltage, and
then comparing the measured value to the the-
oretically calculated electric field.

Additionally, a number of factors inherent
in an SAR probe calibration system using a
waveguide give rise to uncertainties. NICT is
thus presently conducting joint research with
the NPL of the UK and the Radio Research
Laboratory (RRL) of Korea to evaluate uncer-
tainties in the SAR probe calibration system.
Through such research efforts, we hope to
improve the precision and reliability of SAR
probe calibration in Japan.

3.2  Studies on expanding the frequen-
cy band of the SAR calibration
system

The IEC is currently preparing for revision
of the SAR measurement method. One of the
items slated for revision is the expansion of

Fig.5 Basic concept of the small isotropic electric-field probe used for SAR distribution measure-
ment

Fig.6 SAR probe calibration system at NICT
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the target frequency band from the current
300-MHz to 3-GHz range to the 30 MHz to
6 GHz range, in order to target the new band-
widths allocated to next-generation cellular
phones and commercial wireless terminals. In
particular, since the waveguide for the fre-
quency band above 3 GHz is extremely small,
the effect of the SAR probe cannot be consid-
ered negligible. NICT is thus collaborating
with Niigata University to establish a SAR-
probe calibration method based on new princi-
ples (Fig. 7)［13］. Furthermore, since the wave-
guide for the frequency band below 800 MHz
is extremely large, it is difficult to apply the
conventional SAR probe calibration method to
this frequency range. Thus, we are conducting

research on a calibration method based on a
comparison of SAR values obtained from tem-
perature measurements (Fig. 8)［14］.

4  Concluding remarks

This paper discussed various research
efforts associated with test methods for
demonstrating compliance with the partial-
body absorption guidelines, which targets in
particular cellular phones under the radio radi-
ation protection guidelines. In the near future’s
ubiquitous network society, various portable
wireless terminals will most likely be worn
and used on various parts of the body. In order
to use such devices safely and comfortably, it
is imperative that the SAR measurement
method be expanded to incorporate the vari-
ous applicable situations, in addition to other
improvements. At NICT, various research
efforts are underway to evaluate uncertainties
in the SAR measurement method and to estab-
lish a dedicated means of calibration. We are
actively conducting joint research with both
domestic and foreign research institutions,
with a view to maintaining our influence on
international standardization efforts, to help-
ing establish the SAR measurement method,
and to ensuring smooth introduction of the
method in Japan.

Although not dealt with in this paper,
NICT is also carrying out studies on verifica-
tion methods for compliance with the protec-
tion guidelines for induced body current in the

Fig.7 Basic concept of the gain calibra-
tion method for a small antenna
immersed in liquid used for SAR
probe calibration

Fig.8 Example of a SAR probe calibration experiment using temperature measurement
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ankle by VHF band radiofrequency radiation
［15］and studies on methods of measuring the
intensity of the middle-frequency electromag-
netic field generated by IH instruments and
the like［16］. Through these research efforts,

we hope to create an environment in which
radio waves are used safely and with ease in a
variety of situations based on proper applica-
tion of the partial-body absorption guidelines. 

References
01 Report from Telecommunications Technology Council, Ministry of Posts and Telecommunications, Con-

sultation No.89, “Radio-radiation protection guidelines for human exposure to electromagnetic fields”,

July 1990.(in Japanese)

02 Report from Telecommunications Technology Council, Ministry of Posts and Telecommunications, Con-

sultation No.89,  “Radio-radiation protection guidelines for human exposure to electromagnetic fields”,

April 1997. (in Japanese)

03 A Report concerning SAR (SAR) measurement method by Telecommunications Technoogy Council of

The Ministry of Public Management, Home Affairs, Posts and Telecommunications, Nov. 2000. (in

Japanese)

04 IEC international standard 62209-1: Human exposure to radio frequency fields from hand-held and

body-mounted wireless communication devices - Human models, instrumentation, and procedures -

Part 1: Procedure to determine the specific absorption rate (SAR) for hand-held devices used in close

proximity to the ear (frequency range of 300 MHz to 3 GHz), Feb. 2004.

05 A Report concerning measurement method of the absorption of the electric dose in human head by

Telecommunications Technoogy Council of The Ministry of Public Management, Home Affairs, Posts

and Telecommunications, Jan. 2006. (in Japanese)

06 Mochizuki et al, “The size of head phantoms for the standard measurement methods of SAR due to

wireless communication devices”, Trans, IEICE, Vol.J85-B No.5 pp.640-648 , 2002. (in Japanese)

07 S. Watanabe, H. Wakayanagi, T. Hamada, M. Taki, Y. Yamanaka, and H. Shirai, “An experimental study

on the dependence of local SARs on a human ear during exposure to MW from a cellular telephone”,

International Symposium on Electromagnetic Compatibility, Tokyo, Japan, pp. 341-344, 1999.

08 IEEE Standard 1528-2003: IEEE Recommended Practice for Determining the Peak Spatial-Average Spe-

cific Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement

Techniques, Dec. 2003.

09 A. Drossos, V. Santomaa, and N. Kuster “The dependence of electromagnetic energy absorption upon

human head tissue composition in the frequency range of 300-3,000 MHz”, IEEE Trans. Microwave The-

ory Tech., Vol. 48, No. 11, pp. 1988 - 1995, 2000.

10 K. Fukunaga, S. Watanabe, H. Asou, and K. Sato, “Dielectric Properties of Non-Toxic Tissue-Equivalnet

Liquids for Radiowave Safety Tests”, Proc. 2005 IEEE International Conference on Dielectric Liquids,

ISBN 0-7803-8954-9, pp. 425-428.

11 Watanabe et. al., “Non-toxic tissue-equivalent liquids for SAR evaluation”, Proc. of the 2004 IEICE Soci-

ety Conference, B-4-37, p.307, 2004. (in Japanese)

12 Ichino et al, “Uncertainty of SAR measurement of cellular phones”, Technical report of IEICE,

EMCJ2004-125, pp.49-54, 2005. (in Japanese)

13 Akagawa et al, “SAR probe calibration using antennas in the liquid (2)”, Society conferemce of IEICE, B-

4-60, p.384, Sep. 2005. (in Japanese)



132 Journal of the National Institute of Information and Communications Technology  Vol.53 No.1   2006

14 S. Watanabe, H. Asou, K. Sato, L. Hamada, and T. Iwasaki, “Development of a SAR-probe calibration

system based on temperature measurement”, Bioelectromagnetics 2005, Dublin, Ireland, p.489, June

2005.

15 Takahashi et al, “Development of human body equivalent antenna for measuring ankle currents”, 2006

Meeting of Student association of Tokyo branch of IEICE, B-4, p.66, Mar. 2006. (in Japanese)

16 Suzuki et al, “Numerical dosimetry for induction heat hob with Japanese adult male and female models”,

Society conderence of IEICE, B-4-27, p.388, 2005. (in Japanese)

WATANABE Soichi, Dr. Eng.

Group Leader, Biomedical EMC
Group, Wireless Communications
Department

Dosimetry of Human Exposure to
Radiofrequency Radiation

WAKE Kanako, Dr. Eng.

Senior Researcher, Biomedical EMC
Group, Wireless Communications
Department

Bioelectromagnetics

HAMADA Lira, Ph.D.

Expert Researcher, Biomedical EMC
Group, Wireless Communications
Department

Measurement and Probe Calibration
for the Specific Absorption Rate (SAR)

FUKUNAGA Kaori, Dr. Eng.

Senior Researcher, EMC Project
Office, Wireless Communications
Department

Dielectrics and Electrical Insulations

YAMANAKA Yukio

Group Leader, EMC Measurement
Group, Wireless Communications
Department

EMC Measurement

SUZUKI Akira

Senior Researcher, EMC Measurement
Group, Wireless Communications
Department

Calibration

SUGIYAMA Tsutomu

Researcher, EMC Measurement Group,
Wireless Communications Department

EMC Measurement

SATO Kenichi

NTT Advanced Technology Corpora-
tion

Electro-Magnetics Compatibility

MIYOTA Yukihiro

NTT Advanced Technology Corpora-
tion

Electro-Magnetics Compatibility

ASOU Hiroyuki

Biomedical EMC Group, Wireless
Communications Department

Electromagnetic Compatibility

KUROKAWA Hideo

NTT Advanced Technology Corpora-
tion

Electro-Magnetics Compatibility


