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SUMMARY

As handheld mobile phone users increase, the obscure uneasiness
for the harmful electromagnetic wave radiated from the phone
during the communication to the human body is increased. The
functions on the human body of the electromagnetic wave are
classified as the thermal effect, the stimulative effect, and the
athermal effect. Below 100kHz, the stimulative effect dominates the
others and above that frequency the thermal effect dominates. In RF
and MW region, the handheld mobile phone frequency region, the
organism effect is the thermal effect which has strong relation with
the energy absorption of the human body. So in this paper it was
chosen by the performance criterion.

The procedure suggested for uncontrolled near-field environments
is to show that the mass normalized rates of energy
absorption(specific absorption rates or SAR's) are "below 0.08
W/Kg, as averaged over the whole body and spatial-peak SAR
values not exceeding 16 W/Kg, as averaged over any 1g of tissue
(defined in shape of a cube),” except for the hands, wrists, feet, and
ankles, where the spatial-peak SAR shall not exceed 4 W/Kg, as
averaged over any 10 g of tissue (defined as a tissue volume in the
shape of a cube). The most difficult problem is that it is impossible
to carry out a direct clinical demonstration to extract the SAR
value. Therefore in the case of human head, they make a model
using a material which have the identical electrical properties with
the human tissue and measure the electric field and the distribution
of temperature. Another method makes use of an analytic numerical

model based on MRI data to compute the electric field and magnetic



field and obtain the SAR value through its results. But in the point
of view of the manufacturer which produces the handheld mobile
phone, these methods have few advantages. Because to measure
how much the energy is absorbed in the human brain tissue when
they make use of a handheld mobile phone, the SAR compliance
test is performed by filling liquid with the electrical properties of
the brain tissue on the frequency of the handheld mobile phone into
the phantom in a human head shape. During that time, most
manufacturers don't take into account the SAR in the design step
and only depend on the heuristic or execute another work to pass
the SAR compliance test in the final step. Therefore, for the
improvement of the SAR properties, another properties which were
optimized - examples, a telephone quality, an outer shape and so on
- can become worse, so they suffer heavy losses in time and
money. Therefore in this paper we simulated the SAR compliance
test to reduce trial and error after transforming the computed aided
design(CAD) into the FDTD model. And we proposed the
developing process for good qualitative handheld mobile phone in
the viewpoint of the manufacturer. This process can achieve the
guantitative analysis on the handheld mobile phone which didn't

pass the SAR compliance test and reduce the SAR.
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Comparison of experimental and numerical methods for SAR reduction

[unit : W/kg]
Before After
Fig. 8 a) Fig. 8 b)
Measur enent Measurenent
FDID FDID
each Avg. = SD. each Avg. = SD.

Rigit V|1.84/1.79/1.85/1.93/1.85+0.06| 1.71|1.45/1.39|1.56|1.48(1.47+0.07| 1.29

Left V |2.17|2.12/2.18/2.26|2.18+0.06| 2.04 | 1.73|1.81/1.69|1.78/1.75+ 0.05| 1.63

Right T |1.33)1.31/1.43/1.38/1.36x0.05| 1.32(1.07/1.02/1.11/1.09|/1.07+ 0.04| 1.01

Left T |1.84/1.79/1.93/1.95/1.88+0.08| 1.85(1.35/1.33|1.45/1.30/1.38+0.05| 1.34

T SAR compliance test condition
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Dl=iel &) #| o rinlnle] ofef ) =) o) ofv) o) o]of

Test device

Dreaens Twin, Laft Heand

Probe ETI0VS - SN130E DAEY, CoawFi480,4 60,4400, Crest fartoe £ 0, Bran 1300 MHz o= | 88 shodm = 304 o= 100 giend

Cube Schel: Peakc 113 mWg, SAR (g 0630 [, SAR (10g 0375 [mW/g) (Wosst-cuse exizegalaison)
Penetiatioe depth 82 (34, 10.2) [me]
Fomeedafy: 003 dB

Home:

19 , 1L.6W/Kg

SAR
, 20W/Kg

5- 6.
5-6 SAR
SAR

SAR
(signal source)



3 . SAR

(SAR) 5 1

FCC
SAR

HGC- 120E
, 991 conducting power  24.7dBm AGC

1. SAR

SAR

front case back case shield material
( 5-1) PCB

noise shield




SAR

5- 1. case shielding
SAR (19 )
[W/kg]
Front case | Back case [ Ant. Qut | Ant. In
shielded shielded 143 1.63 normal
no shielded shielded 0.79 1.02
no shielded | no shielded 0.73 0.97

5-8. phantom




2. Flat Phantom

field
phantom
phantom
. 5mm
field distortion

SAR

phantom

SAR

. SAR

SAR

5mm

SAR

5-9. Flat Phantom SAR

5-2. Flat Phantom SAR
SAR(1g ) Phantom

[W/kg]

Front case | Back case | Ant. Out Ant. In

shielded shielded 1.23 140 Omm
no shielded shielded 0.82 1.02 Omm
no shielded shielded 0.71 0.97 5mm
no shielded | no shielded 0.71 0.97 Omm
no shielded | no shielded 0.56 0.87 5mm




a) b)
Front shielded Front shielded
Back shielded Back shielded

5-10. Flat Phantom

d
Front shield none F)ront shield none
Back shielded

Back shield none

5-2 5-10 Flat Phantom SAR
5-10 a) b) front case back
case shield material , C)
front case shield back case
shield , d) front case back case
shield
key - pad shield
Normal
Antenna Box (feeding point) (
5-10 a), b)). SAR phantom
SAR case shield
key - pad shield

.( 5-10 ¢), d)).



3mm
SAR

scan

S 0 LR

d)

a)

b)

a)

(Normal)

5-11.



=TT i
BB *“”‘-h
a) b) c) d)
5-12. (front case : none

shielding, back case : shielding)



i & B =
i =
a) b) c) d)
5- 13. (front case : none
shielding, back case : none shielding)
5-11, 12, 13
case shield SAR
19
SAR front case
shield

front case



(front case

5-14. Front case field
—
‘;.-_-.
a) b) c) d)
5-15.



5-3. (peak value)
(peak value)
[V/m]
Front case | Back case | Ant. Out Ant. In
shielded shielded 97.91 108.15 Normal
no shielded shielded 85.13 98.63
no shielded | shielded 83.38 96.47 rf‘f;‘]’t":::
no shielded | no shielded 85.32 98.50
back case
shielding SAR
back case
phantom 1cm
SAR Front case Phantom
shielding

SAR



4. SCC34 SAR

IEEE SCC34 FCC SAR

Phantom

Frort Side Top

Front Side
5-17.

SAR



5-4. SAR

SAR(1g )
[W/kg]
Ant. Out Ant. In
143 163 14%
15 171 193 13%
5.
SAR
SAR
shielding
2
shielding : back case
SAR Front case

shielding shielding



SAR

, SAR
SAR

(SAR : Specific Absorption Rate)

(basic restriction)
SAR
FCC SAR
: SAR ()
SAR

computer simulation

data

FDTD

phantom FDTD

% Om P. Gandhi

SAR ,

higher cal quality Ilower SAR

SAR

OET Bulletin 65

phantom SAR

CAD

+ 05 dB
¥4 helical
, SAR

merge

I+

10
+ 20 %

SAR



folder type
SAR bar

type flip type

, SAR

: mesh size 1mm

service , PCS

IMT - 2000

(SAR)

SAR ,
SAR SAR



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Quirino Balzano, Oscar Garay, and Thomas J. Manning, Jr.,
“ Electromagnetic Energy of Simulated Users of Portable Cellular
T elephones” , IEEE Transactions on Vehicular Technology, vol. 44,
no. 3, pp. 390-403, August 1995.
Niels Kuster, Raph Kastle, and Thomas Schmid, “ Dosimetric
Evaluation of handheld Mobile Communications Equipment with
Known precision” , I[EICE Trans. Commun. , vol. E80-B, pp.
645- 652, May 1997.
Qishan Yu, Magnus Aronsson, Ding Wu, and Om P. Gandhi,
“ Automated SAR Measurements for Compliance Testing of Cellular
T elephones” , Proceeding d the IEEE Antennas and Propagation
Society International Symposium, vol. 4, pp. 1980- 1983, 1998.
Mark J. Hagmann, Om P. Gandhi, and Carl H. Durney, “ Numerical
Calculation of Electromagnetic Energy Deposition for a Readlistic
Model of Man” , IEEE Transactions on M icrowave Theory and
Techniques, vol. MTT-27, no. 9, pp. 804-809, September 1979.
Niels Kuster, Quirino Balzano, and James C. Lin, M obile
Communications Saety, Chapman & Hall, pp. 17- 19, 1997.

: : , SAR 7
3 , pp. 89-98, 1999. 7.
James G. Maloney, Glenn S. Smith, and Waymond R. Scott, Jr.,
“ Accurate Computation of the Radiation from Simple Antennas
using the Finite-Difference Time-Domain Method” , IEEE
Transactions on Antennas and Propagation, vol. 38, no. 7, pp.
1059- 1068, July 1990.
Michal Okoniewski, and Maria A. Studchly, “ A Study of the
Handset Antennas and Human Body Interaction” , I|EEE
Transactions on M icrowave Theory and Techniques, vol. 44, no. 10,
pp. 1855- 1864, October 1996.



[9] Om P. Gandhi, Gianluca Lazzi, and Cynthia M. Furse,
“ Electromagnetic Absorption in the Human Head and Neck for
Mobile Telephones at 835 and 1900 MHZz" , IEEE Transactions on
M icrowave Theory and Techniques, vol. 44, no. 10, pp. 1884- 1897,
October 1996.

[10] Taki M, Watanabe S, and Noima T, “ FDTD Analysis of
Electromagnetic Interaction between Portable Telephone and Human
Head” , IEICE Transactions on Electronics, vol. E79-C, no. 10, pp.
1300- 1307, October 1996.

[11] Michael Burkhardt, Nicolas Chavannes, Katja Pokovic, Thomas
Schmid, and Niels Kuster, “ Study on the FDTD Performance for
Transmitters in Complex Environments” , | CECOM ‘97,
DUBROVNIK, October 1997.

[12] Om P. Gandhi, Gianluca Lazzi, Adam Tinniswood, and Qi-Shan Yu,
“ Comparison of Numerical and Experimental Methods for
Determination of SAR and Radiation Patterns of Handheld Wireless
T elephones” , Bioelectromagnetics, 20:93- 101, pp. 93- 101, 1999.

[13] Karls S. Kunz, and Raymond J. Luebbers, The Finite Diference
Time Domain M ethod for Electromagnetics, CRC Press Inc,,
Chapter 7, 1993.



