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Analysis of Electromagnetic Wave Exposure Due to
6.78 MHz Wireless Power Transfer System
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Abstract

In this paper, we analyzed the electric/magnetic field distribution and SAR distribution in a human body due to the resonant-type
wireless power transfer(WPT) system with an operating frequency of 6.78 MHz. To analyze the field distribution under the unperturbed
condition, a prototype system was fabricated and the measured results were compared with the simulation results. For safety during
measurement, the available power to the transmitter coil is limited to 1 W. To analyze the induced current density and SAR distribution,
a simple human model consisting of three layers, skin, fat, and muscle, was used for the simulation. The electromagnetic wave exposure
levels obtained through measurement and simulation were compared with the recommended levels by the ICNIRP.
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Table 1. Reference levels for field intensities by ICNIRP
(unperturbed RMS value).

Category Magnetic field [A/m]| Electric field [V/m]
Occupational exposer Lo/, 8o 610/, 1700
Public exposer 0.73//14, 2103 g7/ g3lls)

¥ f Unit : [MHz].

H 2. ICNIRPY| QA W5 713, SAR 2 AFEE 7]
A ¢ (100 kHz~10 MHz)
Table 2. Basic restrictions for internal field, current density
and SAR by ICNIRP.

Occupational |  Public
exposer exposer

Human internal electric field [V/m]!"| 2.7x107% | 1.35x107%
Current density(RMS)™ [mA/m’] | /100 11500

Category

SARM™ Whole body average 0.4 0.08
[Wikg] Local(10 g-SAR) 10 2
¥ f Unit : [MHz].

% Current density & 10 g-SAR based on head / torso.
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Table 3. Configuration of the WPT system.

Category Drive coil | Transmit coil
Inner radius [mm] 50 65
Outer radius [mm] 51 104.5
Wire thickness [mm] 1
Turns [N] | 10
Added lumped capacitor [F] 1.58 nF 16.07 pF
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Fig. 1. Insertion loss of WPT system for TX/RX distance.
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Fig. 2. Simulation model for 6.78 MHz WPT system.

A B g %ol AR AlAH S F) dE Ado] o
5 Apel9] A= 220 mme]th
T 7+ A7} 220 mmE-th 717k
Y 7+ AgAF7E SUvetEA Ho dFR
= T947} 6.78 MHzol A HlojuAl "t & A
27t ] oA AGAIF] HAR st AE5a &0
w4sA "k

O% 28 AA A A 2E 3 5
golds flsl Bdgs Aotk FA4l
o] Fah= AR AT A5-9F Fdstth 1d 204
© 7t 39l Ad4" FHE A AHAHE ] Ay
ATt

it

>
tlo rE ofy

o
A Hn
=)

j=it)
A
5

=
>
B
OHl
e
=
"
M
isal
rir
>
>
N
oA
oy
H1

Al ZElo] oJEte] M E = FH A PEEEE
A7) 8l § - FAIE Atele] ARE 220 mmE XL
Astal, SAF FAEAE AlYEAT $AF Y9
4 FEE (0,0, =110 mm)°] 2, FAF T TAH
= (0, 0, 110 mmyo] Tk, A =E WPT A28 A A
PoZ ZFE 10 V I F35 678 MHzS] FAIE
A7IBFAH O H, £ Al2Ho] FFE = HadEE 0205

w

wolth. AEeol e $4 Axdole] 7h4E L |
2 so Faagon, 43 dolH5e Ad a2
o z70] Y Az 2E AEAe] | Wit 5

E
T
a£

956

Chamber

3000 [rmm]

Signal
aaaaaaaaaaa

(TX - RX) I
1100 [nm] —

7200 fmm]
(a) 474

(a) Measurement equipment

b) A7 A= F4
(b) Magnetic field strength

© AN% 3= =4
(c) Electric field strength measurement
a8 3. AA71% 484
Fig. 3. Electromagnetic field measurement system(unpertur-
bed condition).

5 Atsteta

AA ZAole I9 33 e AgAGArdy 34
A12=8] NARDA SRM-3000% ]33tk 18 3(b)<l =
N Z2Ho) F4& A7 120 mme + FE 2 35 2}
NS AT e S Z2Heth Id 3(0)Y
A7 Z2HE Z0] 135 mme] 3, §H el 7o) 90 mm
ol TholZ o] @& m2HEM A Zurske] A7)



42 25 & Ut Al
7120 Z (0, 154.5, 2)% (0, 2545, 2)
o A& w5 em AR ST y=1545 mm
T WPT A28 1%3 FEH 50 mme] $1x]0]|3, y=
254.5 mmE 1947@ FH 150 mme] f1x]olth. 11 4
94E Jepd AT
4= e‘% YA gl E A2 A7

2

@l Aol Iy 3t

o3

FI
}
o,
_E
é
TEhk
4> rir
X ¥0 oY 1
¥ W rr o% o

mlm s
mt o

¢ E
= yo 2
S

rTN
89

F 1o 2ol ICNIRPS] @1 7
Alatd =T, WPT A2’ 9] #9170 27 E 50 mm(y =
154.5 mm) AgllHE B2 150 mm(y =254.5 mm) 7]
owt NEANE A3lete AN AE BXE HolFy
F 1914 B & 9150] ICNIRPS] 20103 713 AX
Wb 25 Hzol A1 10 MHz 77kl A 9] 2713 e 715
A7 i A AR R o 7]A = 19989 €] AAT|ES
2 vt
I9 5 A7 Axe] $E5 B 222 I7 49
H3lo] A3 glolE 9} 4%

Simulation Data

ICNIRP(1998) - Occupatianal Exposer
o
0.2 / ’T\\ o
Simulation Data V2545 mm o
a A A ry
4 NIRP(1998) - Public Expos
01F & A

A

v«
- 0.5+ y =1545mm
3

g

s

5

< 041

S

7]

k4

& © Measured Data
o 031 © ©

g

g

=

Measured Data 3 a

-‘?50 =110 0 110 150
X 2Z-Axis [mm]

J 4. ANG e B2
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Table 4. Tissues for simple human model.

Tissue Skin(dry) | Fat(dry) Muscle
Tissue thickness [mm] 2 5 244
Simulation cell size [mm] 0.1 0.1 0.1~2.48

Relative permittivity €, | 478.398 34.9833 1,090.4

Conductivity o[S/m] 0.147119 | 0.0495639 | 0.602104

Mass plkg/m®] 1,109 911 1,090.4
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