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FDTD Analysis for Formulation of Hot Spot and SAR in Human Head Exposed
to Electromagnetic Fields by Portable Telephone

Osamu FUJIWARAT, Jianqing WANGT, Takuji USHIMOTOT, and Toshio NOJIMAf

0000 0O000o0O0O000oO0Oo0o0ooOO0ocOoOo0o0o0o0ooOooOoOoOoOoOoOoOO0O0OoDOooOoDo
oooooooooooO0Oo3sgboboOoooooooooooooOooooOo0oOooooOoObOOooOoOOb000

oobooooooOoOoOoobooOOOOO0O0O0OOOOOOO0OO0O0O0O0O0O0 SARDDDDDDDEIDDDDDDD
FDTDOOOOOO0OO0OO0OOO0OO0O0O0O0O0O0O0O0O0O00CO0O0O0O0O0O0O0OO0OOO0OOOCOCO0OO00OO0O0C0O000O
O00o0ooOooO0 SsAROOOO0O0OO0O0OOOOO0OO0OOO0OO0O0O0OOO0O0DOODOO0O0OOOO0DOOOO
ooooooo9.7semO0O0OOOO0OOCOCOOOOOCOOOOOCOOCOCOOOOOOOOOOOOOCOODOO
obooo0oOoooOoooOo0oOooOoboO0oo0o0o0oooooO0o0ooobooooooooooOob00oOooboOoOoon0on
00o0oooO0o0o0oooO0o000000000 SAROOOOOOOOOO0OO0OOOCOOOOCOOO0O0O0OO0
o0o0ooooooooOo0oO0oo0oO0O0on0 9o0MHzOO 1gO00 41000010g0000 3600001.5GHz

00 1gdOO 16000010g0000 1100000000 00OO0OOO

oooao

1. 0000

oooo0oooooooOooooooooooog
ooo0oooO0oUoOooooOooooooooooO
ooboooobobobobbbooooouoobobooo
gooodoooboboboooboboboobobobooboga
poodoooobobooooooooobooo

godboooooobooooobooooboood
pooooobooobbobbobooobooobo
0000oooooooO0oOoOoooooooooooo
KritikosO SchwanO0 O 0000000000 OOO
0000000000 10emOOOOOOOCODOODO
000000000000 5em OO 250MHzODO
2,800MHzOOODOOOODOOOOOCOOOOOOO
00000ooo0o0oO0oOoooooOooo 1o

foooooooODoOOOODOOOOOOOOO
Faculty of Engineering, Nagoya Institute of Technology,
Nagoya-shi, 466-8555 Japan
ffNrTOODODDDODODOOOO0
NTT Mobile Communications Network Inc, Yokosuka-shi,
239-8536 Japan

gooooooooooooooOooooooooooooorDTDOOO

gooooooooobooobooboooocoooon
gooobooooooofdod 0lemO0O 8ecmU
oob000o00o0 300MHzODO 12,000MHz 000
goboooooooooooooooooooood
goooooooooooooobooooobooood
ood DDDDDDDDDDDDDDD%DDDDDD
gbooooooooooobooooooooooboooo
000000000000 0D0O0D RIUODOOO
00000000000 KritikosO Schwan 0000
goooooooboooooil100o0ooboooaoaon
0000000000 1.5GHz200000000000
obobo0d0d 10emO000000000 105.5cmO0
gooooobooooooooooooooooa
goboooooobooooooooooooooon
gbobooooooooooooooooooobooon
gooooooooooooooboooooooooo
gooooooooooooooooobooboono
000000o0UUobOoDOoOoobOoOooOooO 3o
O00GandhiO O 835MHz0 1.9GHzOOOOO
gooo 1000 s000000000o000o000d

ooooooDoooO0 B Vol J83-B No.1 pp.81-87 20000 10 81



0000oooooooo 2000/1 Vol. J83-B No. 1

. Homogeneous
A2 dipole -
antenna sphere model

Plane wave

Radius a [cm]

0 L Lol 1 |

0.1 1 10
Frequency f [GHz]

01 0000o0o0ooooooooooogo
Fig.1 The occurrence condition of Hot Spot in
homogeneous sphere models.
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Fig.2 The heterogeneous head models and homoge-
neous sphere models for adult, child and in-
fant heads.
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Table 1 The number of cells and electrical properties
in each tissue of infant head model.

Tissue Number FrequenclySGH
type of cubic 900MHz : z
cells €& O[S/m] & O[S/m]
Brain 15,590 44.1 0.89 42.8 1.08
Bone 10,926 17.4 0.19 16.1 0.32
Heterogeneous Myscle 9,832 51.8 1.11  50.2 1.39
;Eggﬁg Eyeball 124 743 1.97 73.9 221
Fat 214 10.0 0.17 9.7 0.20
Skin 8,216 39.5 0.69 39.1 0.86
Total 44,892
Homogeneous
sphere model  Brain 34,049 44.1 0.89 42.8 1.08

(Infant)
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Fig.3 FDTD computation region and model
configuration.

000000 FDTDOOOODOOO000000 =
000000000 900MHzO0 1.5GHz0 000
0000000000000000000000000
0000 [3)00000000000000 900 MHZ]
0.6 mW /cm?0 1.5 GHzO 1.0 mW/em?>000 0O O

00000000000000000000000
000 481ps00000000000000000
0000000 70000000000000000
0000000000000 SAROO 700000
0000000000000000000000000
00000000 (460j60ké) 000000000 «0
yO020000000 Eu(i,4,k), By(i,j, k), Ex(i, j, k)
000000000 OSAR(i,4,k) 00

SAR(i, j, k)
L 0ld k) i B (R
72 p(’L,]7k) |:|E1(Z7J7k)| +|Ey(l,j,k)|
+ B (i, 4, k)] (1)

00000000 SAROODODOOOO0O0O0DO
o(i, 5, k)0 p(i,j, k) 0000000 (i60j60ks) O O
000000000000000

3. DOOoOooDOO

04000000000CO0OO00COO0OGODOOOO
oooboooooooooooooboooO 900MHzO
0O SAROOOOOD100000 SAROOOOOOO
ggbooooooooooooobooooobooo
0o0o00o0000d=175cm000000000C0O

83



0000oooooooo 2000/1 Vol. J83-B No. 1

[cell [cell
Z
71
z=40
Portable 110)
telephone  § oo 5 .%
(d=1.75cm) . 79 d d
50
130 z=38
Portable 1o
telephone B 90 .ﬁ?
(d=9.75cm) >, 70 d
50
130 z=40 z=38
110
Plane wave E 90 .
> 70
50,

130 110 90 70 50
X [eell]
Sphere model
(Adult size)

130 110 90 70 50

Sphere model
(Infant size)

130 110 90 70 50 130 110 90 70 50

X [eell] X [cell]
Heterogeneous  Heterogeneous
model(Adult size) model(Infant size)

X [eell]

04 O0000COOOOOOOCOOOOOOCOOOOOO0O0OOCOOO0OO0C0O
SAR O 00O OO frequency: 900 MHz[
Fig.4 Spatial distributions of SARs in the homogeneous sphere models and the
heterogeneous models for adult and infant (frequency: 900 MHz).
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Fig.5 Spatial SAR distributions on the z axis in the homogeneous sphere models
and the heterogeneous models for adult and infant.
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Table 2 One-gram localized peak SARs and ten-gram localized peak SARs in the

head models.

900MHz 1.5GHz
Adult Infant Adult Child Infant
Portable ~ Heterogeneous 1.754 1.698 1.113  1.321 1.567

telephone model
(d=1.75cm) Sphere model — 2.635

(root of ear) (root of ear) (root of ear)  (root of ear)(root of ear) (root of ear)

2.467

2.463 2425 2428 2.415

Heterogeneous 0.142
One- Portable model

gram  telephone
Peak (d=9.75cm)

0.308

(root of ear) (  cheek

0691 0.115 0112 10245
) (inside mouth) (root of ear)(inside neck) (inside neck)
without neck
(ot
inside mouth)

SAR Sphere model ~ 0.124  0.126 0182 0.056  0.053 0054
[Wikg] (inside sphere) (inside sphere)
Heterogeneous  ().181 0.533 0610 0483 0491 1.108
model (root of ear) ( cheek ) (inside mouth) (root of ear) (root of ear) (inside neck)

Plane
wave

Sphere model 0.125

0.112

without neck
(( 0.685
inside mouth).

10.990

(inside sphere)

0464 0225  0.198

(inside sphere)

Portable Heterogeneous 0.962
telephone model
(d=1.75cm) Sphere model 1.721

0.973

(root of ear) (root of ear) (root of ear) ~ (root of ear) (root of ear) (root of ear)

1.216 0.576  0.649 1.115
1.619 1.495  1.480 1.358

Heterogeneous 0.077
Ten-  Portable model
gram  telephone
Peak  (d=9.75cm)
SAR Sphere model 0.099
[Wikg]

(root of ear) (  cheek

0.100

0433 0.042 0.052 0121

) (inside mouth) (root of ear) (inside neck) (inside neck)

without neck
(g )
inside mouth).

[00390 0040 0039 G041

(inside sphere) (inside sphere)

Heterogeneous 0.109
model (root of ear) (
Plane
wave

Sphere model 0.100 0.086

0.272

0412 0268 0282 0669

) (inside mouth) (root of ear) (root of ear) (inside neck)

without neck
0360 ))
(inside mouth,

0.556

(inside sphere)

0332 0.165  0.149

(inside sphere)

0 @B0000b00000D000o0bDs000000
000000 0oo0oooo SAROOOOOOOOO
goooooooooooooooboooboooooo
00000000 SAROO0OUOOoOoOoOoOooO
goood
oooooooooooobooobobonog1gdn
10g0000000 SAROD 2000000000
00000000000 SARODOOOOOODOO
00000000000 SAROOOOOO0OO0O00O0
gooboooobooOooooooooooooon
0000000 SAROUOO0OOOUOOooOoooOoo
gooooooooooobOOooooooooon
9.75em 00000000000 OOOODOO SAR
goooooboooobooooooooooooo
SAROUO900MHzOOOOO15GHz2O000000O
gobooooooooooooboooboooooon
gobooooooooooooooooocoboooa
ooboooo0O0O90MHzOOOOOOOOOOOO
O97memO00000COOOCOOOOODOOOOO

86

00000 1g010g00 00 SAROO 0.691 W /kg

00433W/kgO0OD0O0O0OOODOOOOOODOOOO

00000000-1.698W /kg (1.216 W /kg)-0 0O
0004100360 00000001.5GHz00000
000000 9.75cmO00000000000000
01g0O00 SARDDO 0.245W/kgd 00D 000D
0 0174W/kgD0OO0O0000000000000
0000000000 (1.567W/kg) 000000 16
0000000000 110000000010g000
SAROOO0O0O1g000 SAROODOOOOOONO
00000000000000000000.121 W /kgO
00000000 0.071W/kgDDOODODOOODODO
0000000000000 (1.115W/kg) 00O 11
0000000000 600000000

4. 0 0O O

gooooobooboooboobooooao

O0900MHz OO 15GHz00 0000000000

000 SAROOU0OOOOooOoUoOoooOooooo



0o0ooo0oooOo0DOoOO0O000O0O0D0DOOO00D00O00 SARO FDTDOO

oooO30o00000b00o0000o0o00oooOoOn0n
gboooooooooooooooooboooooa
goooooooooooooooooobooobboo
gooooooooooooobooooboooboobo
SAROOOO0OO0OOO0OODOU0DOOooOooOooooo
gboobobooooooooersemdoonooooog
gbooooooooooooooooooobooobooon
gbobooodoooooooooooooooood
goboooooooooooboooooooboooo
gooooooooooboooboooooooooo
gooooooooooooooooooobobod
000000000000 00o0oO SAROOO
gooooooooooboooobooooooooo
goooooooooooooboooooboobooo
0O 900MHzOO 1g000 41000010g0000
36000015GHz00 1gO0O0 16000010g0O
oboo1iooooooooooooooboo
00000000000000000000 SAR
goboooooooooooooooooooonod
goooooooooooooooobooooooon
goooooOooboooooooboooboooooboo
goboooboooooooooooooocoooboa
goooooooooooooobooooooooboo
gooooooooooooobooooon

a a

[1] H.N. Kritikos and H.P. Schwan, “Hot spots generated
in conducting spheres by electromagnetic waves and
biological implications,” IEEE Trans. Biomed. Eng.,
vol. BME-19, no.1, pp.53-58, 1972.

[2] T. Kobayashi, T. Nojima, K. Yamada, and S.
Uebayashi, “Dry phantom composed of ceramics and
its application to SAR estimation,” IEEE Trans.
Microwave Theory Tech., vol. MTT-41, pp.136-140,
1993.

[3] O0D0OO0O0OO0O0OUOO0ODOOOOO0OOOgUOUOOO
oobO0o0ooOO00O0o000April 1997,

[4] O.P. Gandhi, G. Lazzi, and C.M. Furse, “Electro-
magnetic absorption in the human head and neck
for mobile telephones at 835 and 1900 MHz,” IEEE
Trans. Microwave Theory Tech., vol. MTT-44, no.10,
pp-1884-1896, Oct. 1996.

[5] O. Fujiwara and A. Kato, “Computation of SAR in-
side Eyeball for 1.5-GHz Microwave Exposure Us-
ing Finite-Difference Time-Domain Technique,” IE-
ICE Trans. Commun, vol.E77-B, no.6, pp.732-737,
June 1994.

[6) O0DO0OO00DOO CTOOOp.79, 000001981

[77 O0OO0OO0O0O0 O0OO0OO0O0O0 O0o“0oooO0oooOooooo

000 1.5GHz20000000000000 FDTDO
0 0000 B-1I1Mvol.J81-B-11, no.12, pp.1136-1144,
Dec. 1998.

[8] Dielectric Database, Microwave Consultants Ltd,
1994.

[9] A. Taflove, Computational Electrodynamics: The
Finite-Difference Time-Domain Method, Artech
House, Norwood, MA, 1995.

000110308000070 1200000

od o oooo

D4600000000000 48000
go0o0ooOooOoO0ooooooooa
0000000051 0000005500
gooooooOooOoOooooooooan
‘ = . oooooooeod400000000OO
0o000000000000 30400
oooo0ooOooooo0oO0ooooo0ooooo0ooOooa
000000000000 0000000IEEEDOOO

a oo oooo

0900000000000 3000
gooboooooooooooboooooo
o0oooooo0oooooooooooo
0o0o0oO0oo0oO0oooooooood
ooooooooon

oo 00 ooogdad

01o00000000000000000
oooooooooooooooooono
go0oooooooooo

oo 00 oOoooo

O470000000000049000

== oooo0ooooooooooooooo
4,4 000000o00000000 6GHzO
@ SssBOOOOO0OO0OO0OO0OOO0O000O0
‘é. goooooOooooeEMCOOOOOO

0ooO0oOoTNTOOOO0OO000000O0
00000000000 000OIEEEOODO

87



