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Electromagnetic Interactions between a Cellular Phone and
the Human Body and Synthesis of a Bone-Equivalent Material
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Abstract

A simulation using the finite-difference fime-domain method to analyze the electromagnetic
interactions between a cellular phone and the human body was conducted, and a synthesis of a
bone-equivalent material to make a human head phantom was performed. A test model of the
cellular phone was fabricated io measure its reflection coefficient and radiation pattern in the free
space. Various effects of the. human body on the characteristics of the phone, such as input
impedance, reflection coefficient, radiation pattern, and radiation efficiency are analyzed as the
distance between the head and the phone antenna varies, When the phone was operated close to
the head, the resonant frequency of the antenna decreased by up to 12 %. With the output power
of 0.6 W, as long as the distance was larger than 30 mm, the 1-g averaged peak SAR was below
the ANSI/IEEE safety guideline, 1.6 W/kg. To synthesize the bone-equivalent material, an epoxy
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with hardener and a graphite powder were used as basis ingredients, and a small amount of a

conducting epoxy was added to control the conductivity of the material. A material having a relative
permittivity of 18.04 and a conductivity of 0.347, which are close to those of the bone at 850 MHz,

was synthesized.
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Fig. 1. Telephone model for FDTD simulation and
measurement. (a)FDTD simulation model,
(b)Measurement test model
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Fig. 2. Simulation and measurement results of 1S for telephone model,
(a) FDTD simulation result, (b)Measurement result.
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Fig. 3. Radiation pattern in the azimuth plane. (a)FDTD simulation result, (b) Measurement result.
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HE 1, 835 MHzoIlM Q1A S8 B3 Al
Table 1. Material constants of human head at 835

MHz.
) Specific gravity e
A¢ (AR
Tissue (10 kg/m) Rk =(5/m)
skin 101 3540 063
bone 181 1740 0.25
brain 1.04 4526 0.92
muscle 104 51.76 011
d
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v v
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Fig. 4. Human head and cellular phone model for
simulation,
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Fig. 5 Input impedence of cellular phone antenna
with the human body.
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Fig. 7. Input impedence versus the distance between
head and antenna,

270

——fresspace -.-..d=50cm
~--d=30cm .....d=10.0cm

% 8 FOE oteuY) azimuth plane(x-y plane)
EA oiel w3l
Fig. 8. Radiation pattern of the telephone antenna

in azimuth plane(x-y plane),

W A FRo2 BAEE A welt), 1
2, YA F47t AAeMT dodthE &4
FULE BAEE AL UEHU FEE 49
AN QA FE AYE W otk § =79
A F5 Zd2 A TFAIA 4%7] g9
A d7t 25emy ASE FAES A FEY

284

80
\ f
\ '
b { + J O I LV
- ¢
£ : .
gso____:, ------------- P o g
] ' \
Esof---t..... o g M
g 1
=] \
I L I Ot e
= ' »»»»»
.1
EEA
F-W-----r -~~~ [ layered model
' ' ) 1 |--@-- homogeneous model
20 L L : .; L L L N
2 3 4 5 6 7 8 9 10

distance d (cm)
32 9 QA FRe ey Alolg] Aol Wi ¢l
Hy EAL 58 w3}
Fig. 9. Radiation efficiency versus the distance
between head and antenna.

FHol A& At I8y FUE w0 I
H FAAZE Ad=o) Q) g A7 sH
Me M2 JF HA g2 duc 9 A £F
NE A$ 55 ZHNM A9 g°] 15ecmE 738
a9 Azl @7F 40cm o A$7F FohES A7 4
¢ gEiolth AA AR FUES A7 HE
& AN FHES Agste AEd E AE
dojdollA QtElu BAF &L o 43 %0l =
el 28 power 9 oF 57 %7} QA TR E
a2 &AM F4E

835 MHz9] Fogol A FUE &3Ho) 06 WY
o, FHE Jeiviel A FR Abole A gol
W AR F79 1-g 7 Hd) SARE I¥ 10
of Yehldct A d7t 25~55cm¥ "W QA
T4 1-g 37 A SAR/ F4- 229 skin
odA vehde, Agl 47t 6emE dow 1-g BF
HY SARE QA TR olHEE skindlAH Y
Bk I8 10914, & AN 1-g HF Hu
SARZE & d°P9 wgE Zagt FE A
dMe a7t F7ree @t 319 1-g 37 Ju)
SAR#S 743 ZAsEZ Af d= F2%
Zgoltt, o 9, AZlE 25cmolA 35em
Z lcmE =83 SAR¢|] o] 7tad®d T2z



X X X —i— I.y.orod model
i [ ' --@-- homogeneous model
! I

1 g peaK SAH (W/Kg)
-

distance d (cm)

Ag d

Head modd 25cm | 30cm | 35cm | 40cm

homogeneous
455 2.20 1.33 0.90

model(W/kg)

layered model
2.72 1.34 0.81 057

(W/kg)

3210, 9A TR el Alole] Al g ¢
A T8 1-g 34 ol SAR
(Fd4: 835 MHz, 28 06 W)

Fig. 10, 1-g averaged peak SAR for the human
head versus the distance between head
and antenna(Frequency: 835 MHz, Output
power: 0.6 W)
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Table 2. Measurement result of sample 1 for relative
permittivity and conductivity.

F34 (MHz) HHAE AEE(S/m)
800 1245 0.267
825 12.46 0251
850 12.56 0.255
875 1249 0257
90 12.56 0.251

E 3 AR 29 HHAE 2 AEE 2443
Table 3. Measurement result of sample 2 for relative
permittivity and conductivity,

F34(MHz) v A& HEZ(S/m)
800 17.99 0.358
825 17.98 0.347
850 18.04 0.347
875 17.95 0.343
900 17.98 0.338
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Fig 11. Measurement result of sample 3 for relative

permittivity and permeability.

4 39 Mgl & Aok 850 MHzol M ¢ EANS
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NZEA 10g, 374 8g, graphite 8g2 & A
B AR 3% o) Yo R Ay 24 A4S
a9 119 Jepilen, 850 MHzol A vlf-A &)
167, AE%7F 0.065S/mE U, 1.9GHzOlME
B fAEo] 162, AEE7 0108S/mE SRAHA
o E§ FAEE Fogd BAglel 19 2HE
o2 Usted ole wlaMY £3E WESA
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49 Ag 1, 2 39 B3 FA ¥Ed Fa 850
MHzolM 239 E34F e £8std Jeh)
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RN THE 7 Yoe TS AE F
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& 4% 4 e FDTD coded ALsiion,
AA W frAe R ARESE AR ERS §
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FDTD ZE9 dFdMe Af I F
HE ey B4 HEF QA7 248 A A
Fo ey 948 dds 2 BA dE, 2832
A FF Y F5E(SAR) F&

oz
* X o

Table 4. Composition ratio of 3 samples and material constants at 850 MHz,

i 3 Ay 23 45
Ag M3
of Z A S3IA graphite Az o EA H g AEE(S/m)
1 15¢ 12g 10g Og 1246 0.255
2 10g 8g 10g 0l4g 18.04 0.347
3 10g 8g 8g Og 16.7 0.065
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