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FDTD Computation of Temperature-rise in Realistic Head Models
Simulating Adult and Infant for 1.5 GHz Microwave Exposure

Masaaki YANO!, Jianging WANG!, and Osamu FUJIWARA'
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(a) Adult Model
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Fig.1 The FDTD models of adult and infant-size heads.

(b) Infant-size Model
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Table 1 The number of cells in each tissue of realistic
adult head model and infant-size model.

Tissue Adult Infant-size
Brain 107073 14921
Bone 39080 7681

Muscle 31912 3947

Fat 2522 214
Skin 19439 5420
Eyeball 752 112
Cavity 3309 290

Whole head 204087 32585
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Fig.2 Computation region and incident microwave.
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Table 2 Electrical properties at 1.5GHz and thermal parameters of head tissues.

Brain Bone Muscle Fat Skin Eyeball
er 46 5.6 49 5.6 49 80
o [S/m] 140 012 177 0.12 177 1.90
p [kg/m3] 1020 1790 1020 900 1000 1050
Cy [J/kg-°C] 3500 1300 3500 2300 3500 3900

K [W/m°C] 060 030
b [W/m3-°C] 37822 1401

0.60 022 050 0.50
3488 8158 8652 0
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2Ew, B, BA, &, MoSHEBo Y -7 LFR
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UTEkoTBY, KBS ERIRECRIE T FER
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O, EENOERBERMRICARE{EGEN
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Table 3 Temperature-rise of tissues in adult model at different ambient temperatures.

Tissue

Peak (Averaged) temperature-rise x10~% [°C] Peak SAR;1g

T, =20°C T, =30°C T = 37°C [W/kg]
Brain  3.31 (0.212) 3.31 (0.212) 3.33 (0.217) 0.455
Bone  6.07 (1.04)  6.07 (1.04) 6.09 (1.06) 0.266
Muscle 6.93 (1.41)  6.93 (1.41) 6.93 (1.44) 112
Fat 5.72 (3.12)  5.72 (3.12) 5.77 (3.16) 0.231
Skin 6.59 (1.18)  6.59 (1.18) 6.60 (1.19) 0.892
Eyeball 6.97 (5.35)  6.97 (5.35) 7.02 (5.40) 0.523

T,: Ambient temperature
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Table 4 Peak temperature-rise of tissues in adult model having different blood flow.

Peak temperature-rise [°C]

Tissue Half blood flow Two times blood flow

5 Normal blood flow .
of Brain of Brain
Brain 0.044 0.033 0.024
Bone 0.061 0.061 0.060
Muscle 0.070 0.069 0.069
Fat 0.062 0.057 0.053
Skin 0.066 0.066 0.066
Eyeball 0.074 0.070 0.067
Averaged

whole head 0.0088 0.0071 0.0061

Ambient temperature: T, = 20[°C]

Localized SAR

(Ambient temperature T, =20 °(D

Temperature-

Temperature
e
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(a) SAR distribution

(b) Initial temperature (c) Temperafure-rise
distribution

distribution

3 BRAETF VB3 SAR & FRERE OIS
Fig.3 Spatial distributions of (a) SAR, (b) initial temperature in thermal equilibrium
and (c) temperature-rise in the realistic model of aduit head for 1.5GHz mi-

crowave exposure of 1.0mW/cm?.
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Fig.4 Spatial distributions of (a) SAR, (b) initial temperature in thermal equilibrium
and (c) temperature-rise in the realistic model of infant-size head for 1.5GHz

microwave exposure of 1.0 mW/cmz.
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Fig.5 Spatial distributions of '(a) SAR and (b) temperature-rise in the line passing

through the center of realistic head models both from front to back side and
from right to left side.

#R5 BEISNEHEBC B 5 /EAT SAR k¥ EREBE
Table 5 Localized SAR and temperature-rise in each tissue of realistic head model.
Brain Bone Muscle Fat Skin  Eyeball Whole
head
Peak
SARy, [W/kg] 0.46 0.27 1.12 0.23 0.89 0.52
Avserlge‘i [W/kg] 0058 0029 0092 0064 023 030 | 0.073
Peak
Adult temperature- [°C] 0.033 0.061 0.069 0.057 0.066 0.070 —
rise
Averaged
temperature-  [°C] 0.0020  0.010  0.014  0.031  0.012 0.054 0.0071
rise
Peak [W/kg] 025 025 061 026 065 034 —
SARy, ' |
A"Sef}%ed [W/kg] 015 0065 023 012 028 032 | 016
Peak
Infant-size  temperature-  [°C] 0.028  0.052  0.055  0.042  0.054 0.042 —
rise
Averaged } .
temperature- [°C] 0.0058  0.018 0.031 0.032 0.017 0.039 0.014
rise
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