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Methods that are being utilized and studied as WPT(Wireless Power Transfer) method
include high efficiency but low magnetic distance induction and self resonance method
and Power transmission method using microwave which has low efficiency but can
transmit long distance.

Among them, the Resonance type WPT(Wireless Power Transfer) apparatus utilizing
the resonance phenomenon can perform high efficiency and high power transmission
wirelessly from a distance of several tens cm to several meters, but the electromagnetic
field proportional to the transmission power 1s distributed in the space where the
Transmission (TX) / Receiving (RX) systems is located. It is difficult to ignore the
influence on the human body, and it is influenced by the Transmission Efficiency by the
human body. For that reason, practical applications are extremely lmited compared to
active research.

In this study, We implemented two protypes of basic Power Transmission(TX) /
Receiving (RX) systems for analyzing human body exposure by electromagnetic waves
generated by a resonant power transmission system, and measured the magnetic field and
electric field distribution, and observed the mutual influence with the living body through
computer simulation, and the amount of electromagnetic waves 1s analyzed.

sh= X1, T AE9AE, A =5
A o] o - Resonant type, wireless power transmission,
o .
electromagnetic wave exposure
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r AV A s? (—]‘4223 22, + MQQ ZsZy + —/‘4324 lez) + 34]‘4122 —7%?4

S 45 F dud, A7IA s=jw °lth o] FEZFH vy 72 Akedd
[e)

o2} u]

—~~

rulo
4
o

Scattering Parmeter)E&

20



:
N
K=
&
=2
X
1o
2
)
2
gt
Jm
o,
o
ik
i)
=
[g:2
V)
I
<
&
o
£
G
A
oy
Q
oy
A
&

2172 (p 2772 2772 2 r2 2,2 72
woMiy (Ry R+ wiMy,) N wo My My, . wok1oks

in = ' 20 12 204 72 -~ 2 R L,L, -(3)
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o Wato] W2 ALAE EAL B RO ky ., —00960Th 1% 2-5ak
Syoz, Fyel wsd] we, 1 3
25bE kyol Al 74 Aol BE AEESS B ACE ky7b kT
2o W, 2w aga w28 w A 74K A$E SAE golth el 2

20 k7t ke ®F S 0, 100%0] e AE A EES AL 9

=

21



pow st ) bt .,
i}

ritical

= Kascritical
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+E Z Y (Induction Coil)
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T Rdo] TX ¥ RXo| &Eo = ALE
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50mm

1lmm

Copper

Parameter
Coil Radius
Wire Radius

Turn

Coil Material

3-1. =34 (Induction Coil) Parameter

B

3-1. =3 Y (Induction Coil) ¢ EA =

o

(b) 22w 22+ E (SmithChart) S(1,1)
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ro o
ol

ig i)
o g

Alo
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f=6.78x10° o], Z=50x(0.003+;0.308) ©] P& R+ jwL= 750> (0.003+;0.308)
53 R = 015Q, L = 0361pH & 72 ¢ Jvh LS FAsE 249 2o
FZrob A3 Frol WS¢ AS & F Aok A F7F 1turn)ol 7] wEol] =Y
o TSt = AU A Yl 2~ (Capacitance) = Bl Al 5F A T}

ri S

E4 F34(6.78MHz) = AAs7] 98t & F
2.2nF ¥} 5.6nFe A3 A H 2= (Capacitance) & A Asta 43
PortgE AZste] Sk Apxlolt
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e eq=6 675MHz J;Jff* e
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= = oA [e]
(a) &5 709 A H (Capacitor) & 23 %3 <Y (Induction Coil)
(b) dB(S(1,1)) (C) 22w =% E(SmithChart) S(1,1)
Ex2 3 FAFHR(f,) & 6.78MHzol A%, ¥ ¥l 2 (Inductance) ko] vl
§ Zrob nF @919l CapacitorE AHES gutel 191, 1 F/7F B4 2o Al
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sole] gol Faly] wWEe] 6679MHzE AMEHeATh

F Y (Resonance Coil)
5l

% (Resonance Coil) T4

Parameter Type 1 Type 2

FLEA] &
(Coil Radius)

EAAE

65mm 65mm

. ) Imm Imm
(Wire Diameter)

O~
AAM T

(Turn)

29 24

(Coil Material)

10 12

Copper Copper

¥ 3-2. ¥W 3L (Resonance Coil) Parameter

(a) (b)

7 7Y (Resonance Coil)2] 74-¢-, #AXAGF7F @] wjito] =Y 7ke] ASAH

2~(Capacitance) & &3] Fojof st} FF I U(Resonance Coil)d JAYEH



(Inductance)E 27| $8) 571219 #A A H (Capacitor) & AAsta, FxF1t

1

(f) & 57435t Lol AWAYE~=(Capacitance)©t 19 ¥ 2 (Inductance) & 7l

=
st e,

42 X
24 g3 2ol 57 dEE 94 5 vk

Capacitance 2R F T
10pF 7.927MHz
1opF 6.865MHz

15.652pF 16.7656MHz
16.071pF 6. 7MHz
18pF 6.415MHz
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o
-
ok
iy,
B=)
3
[
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=
SN

mé

freq=6_766MHz

5(6,6)=0.813 /179938

impedance = Z0 * (0.103 + j5.361E4)

S_Para m7

SP1 freq=6.77 IMHz
SR e i e R e i e s s S(5,5)=0.825 / -179.991
© Btop=tOMHz - 0 ¢ o e e e e e e impedance = Z0 * (0.096 - j7.739E-5),
; SEEa0TMEZ 5 s s = s oa s wowm bow o

g, —AAS i S e
SIS e R e Heryi
: 3026 T BRIt & o v £39 « o . MNum=5- -
SemeO R RE2R0m  SeAGEE oE Z=50 Ohm.

freq (3.000MHz to 10.00MHz)

19 3-4 ADS Modeling ¥ Network Analyzer =74 3kl H] (1)
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ArtAz T3 Lo C#ks E3l Modelingdt slZ¢} Al S X500
(f)Z WaLstd 0.006MHze S48 2347k 9l 2 & = 9

3 3-4. I o] Type 2 3F :Yol 57FA EH¢] Capacitance

i

o
ihd
ol
K

71 3 A & 2= (Capacitance) AT (f)
5 pF 7.848MHz
6 pF 7.545MHz
7 pF 7.231MHz
10 pF 6.533MHz
14 pF 5.996MHz
3% 3-4. Type 2 &% el AZ3% i) A ¥l 2= (Capacitance)
o} 1o W& I FI5(f,
TAE £33 Coilel <19 ¥l ~(Inductance) ¥ 7 3) A €&l ~(Capacitance) < -3¢
Ay L, =344pH , C,,=T2pF9 S A4S = Arh
|ﬁ| SPARAMETERS | R ;%}?;%Qéé”gﬂzﬂg_gze
............................. ST e
B B

. R e

. L e DR e

R L o AN 3} 2 i,

: .!.—. SEE D - R R e e e Tl - ¢ v 4

: AT o s RIR ¢ sapap s .Num:g .....
F; - c =5 3 i It +

. A8 Tam -

: =m7 . . aps

: i e . T 7 8P

50 Chm

3

freq (3. 000MHz o 10.00MHz)

19 3-5. ADS Modeling ¥ Network Analyzer =7 k2] W] 1L(2)
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Type 1. 3% F¥Y(Resonance CoildlAle} S WHo=z [19 3-5]¢ 3ol
Modeling@ 3] =9 24 S ¢S vwdd 49 0.054MHze] a7t &= A
o 4 At

o @Y A FIE(f,)
27 mdo] 6I8MHzoA BAFEE O

(1) Type 1. &4 =Y
[1¥ 3-6]2 o] Resonance Coilel 15.652 pFe] # 3 A ¥ (Capacitor)

= Mo
A3 oF 6766MHz9 &% FaFE Oé% T U Modeling3t 2 3}e}
0.00oMHz9 227} AT},

me

i i e freq=6.766MHz

|$| S PARAMETERS I S(6.6)-0.813 / 179.938
|rnpedance Z0 *(0.103 + j5.361E-4

SF'1 freq:G TTiMHz

Star=3 MHz S(5.5)=0.825/-179.991

Stop=10 MHz impedance = Z0 * (0.096 - j7 738E-5))
+ Step=0.0001 MH=z . . . . . w5 = w5 = R

P e W

el e Ee b o PR
- F Al F T ¥ 5 3 5 3 = & - =
cao /
C=5.6 pF !

| o AAA

55 H Terms
aan Bt c39 Num=5 =
R S . . R=280hm  Cc=15652pF. Z=50 Ohm. Seo.

freq (3.000MHz to 10 00MHz)

2 3-6. ADS Modeling 2 Network Analyzer =7 zke] H]uL(3)
(2) Type 2. &3 3

[ 3-7]13} %ol X zde 892pFe] AAEHZE &2l A3 oF 6.787MHz2
T ForE S £ AA 3 Modelingdt 239} 0.28MHze] 2271 ¢l 2l ).
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|$| S-PARAMETERS |

S_Param

SPi

Start=5.78 MHz FE]
- Stop=7.78 MHz : : ; freq=6.759MHz

Step=0.0001 MHz . - : . S(5,5)=0.729 / 179.534
impedance = Z0 * (0157 +j0.004)

m7

freq=6.787TMHz

S(4,4)=0.738 / 179.279
impedance = Z0 * (0.151 +j0.006)

- S e e
Al
éEH +
Sty y1 |
55 = e 21 Term
- s C C Term7
5344 H R25 c80 ca2 Num=5
=2 H © R=2:46hm C=15pF ' ' C=22pF i 7=50 Ohrm _

; ; ; B
Te S1P B B ) ) R
SNP2
Num=4 File="C \Users\719-2\DeskiopiS Ere3115+22 3try 6.7816 68 STP"
Z=50 Chm ' : /

freq (5.780MHzZ to 7.760MHz)

19 3-7. ADS Modeling % Network Analyzer =7 #t2] H]nl(4)

=

A2 A FARAEAS A2d TE

L SAF(TX) Al 2=H
2

[28 3-8]2 A&k Type 1. $A5(TX) A|="He] EAS A% Aoz RX7F
glo] TX®E @502 Fxsta = FFolth HxEFIF= 6.78MHzol 4w
g3t zko] A EHE AZ481 Ete] 30MHz AEe 945 Holi gt
“ﬁ“‘l S-PARAMETERS [ P e I"I.—r::l 8 B 15MH
"._' 120 ”I‘I11‘n 1241
5P
Start=578 MHZ

Stope7.78 MMz
Step=0 001 MHz

- 1 ﬂl-t
7050 Fibe="C \Wipars\ T 18-2\Desiiopiew Foldor (7

e

(a) (b) (c)
a7 3-8 Type 1. 215 (TX) Al=gle] EAH =4

(a) A kol 9|3 ADS 3| =,
(b) 27 2% E (SmithChart) S(1,1), (¢) dB(S(1,1))
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o+

. ST F(TX-RX) Al=H

4 3-9]= A A3 Type 1. 4413 A% (Wireless Power Transfer) =22 &
AF(TX) oF AT (RX) AFold ARy ppol WE, 5 FAF(TX) &% 2
(Resonance coi)¥} 215 (RX) &2 Y Resonance Coil) ZFe] A& A3 A5 (K,
Coupling Coefﬁcient)oﬂ e AEdEE 5SS ®Hl adolth A 2% [19
2-6.0)]° kyoll W& [Syle] Wsle} B2 AFFolxut, [ 2-9.b)]9 R,,;°
&S aEetd 3|2 A Y Aol & dAst= AS & T AT kyy = ki

Rogpy = 20cm®l @9l o 4 girh,

o]-}
m
2,
o

[

1S2:1dB

20—

ST L o e e 0 L L L L L L L L B

578 598 613 638 650 678 698 718 738 758 778 56 58 60 62 64 66 68 70 72 714 16 718
freq, MHz freq, MHz
(a) Azlo & HEE (b) #2]o] T2 YIAFEA

2% 3-9. Typel. (a) Al W& AFEE5A (b) 7l W& vASA

2. Type 2 Al=®le] AHAF EA

7} A F(TX) A 2=H

33



mil
freq=6.773MHz
80110532/ 0730

fﬁi md impedance =20 3.274 -10.063)
=F 1

W S-PARAMETERS -:Faq(sﬁ'.?}i}:ﬂgézs
i

§ Param

SP1

Start=5.78 MHz

Stop=7.78 MHz

Sep=0001MH,

dBCSC1 .10

TSP
Temt  SWP!
Numz1 - Fle='C:
£50 Ofm

Users\719-2\DesktopiNew Folder (7)icail2\tx portilc

T T [ T[T [ T T[T T 7
5T B3 i3 B3 650 AT B® TH TH TR TH

freq, MHz
=, Feq (E T Hz 1o TT30MHe)

(a) (b) (c)
1% 3-10. Type 2. $AF(TX) Al~=/le] 54 574
(a) $AF(TX) A7k AlEH A

(b) S-Parameter S(1,1) (c) =" 2~ZE(Smith Chart) S(1,1)

L} S AHE(TX-RX System)
[Z7 3-11]2> AZ3 Type 1 FA41 7= dE5(Wireless Power Transfer) E 99
TXeF RXAFOlS] A-(Ryy_ppdll WE, =

FASAA]  FEAGAT  wE

_ A= _ o) o] o
ks = Kyseritioa ™= By px= 29cme W 1=

|52, 1dB
0
il 20em
5 /A /\\
| E=H /'
] / \
/
iy
I SEZ
.2&‘ ;J: 1) _2_'
T I T ‘ T l T ‘ T I T ‘ T ‘ T ' T | T T '| T ] T [ T [ T I T '[ T " T [ T ] T '| T
578 598 618 638 658 678 698 718 738 758 778 56 58 60 62 64 66 68 70 72 T4 768 18
freq, MHz freq, MHz
(@) Aol 2 AL 58 (b) A2jo]l Ty} 54

19 3-11. Type2. (a) Aol W 54 (b) Aol & WHASA
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A3 A FAAGAE Noge] BE 293 B

A7
3]

3}

-

o

-2 A 2 A 4 (Wireless Power Transfer) Al ~8lo] 9% of o
(EM Field) £3¥& Az 7 Bbgdol tigh $AF(TX) A =H
Atk [29 3-12] & A7 (H-Field) 2 A7) (E-Field) 4 &
S Hel Folth. ¥HHdomE 20V, , ¢ 678MHz 81} A%

o

A\
oX,
ol

o

I
o

oo |
ol

-

3R

f o

mlmjggjz

o]

(a) (b) (c)
a9 3-12. (a) A7 (H-Field) TAF =4, (b) A7 (H-Field) &3 =54,
(c) A71%(E-Field) %/l\:}l?‘ =4
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1. AR (Tx) Al=H
FARRY) Azdow AF A

%
Aol FFEE 9o AN RES
g

R C, M, [ ik |
T_J’*_'_Hi_ L R, ]

Ull: {,.::} — - L 1
T

Pi TX
a9 3-14. FAHR(TX) Al2="e] 7132

7F. Typel. SAIF(TX) Al 2~H
SAF(TX) A" 35+ A8 P =0.411 W]t}

mn

(1) 2717 (H-Field) #3&

o gaisicm)
xaxisdom)

1 5 10 T3 20 2% 0 h 5 0 % 0 34 30
v axis{cmy) y-axisicm)

(@) {s);
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X axiglem)

H Field z=10cm plane

. : : i i i
& 1m0 15 o 25 ]
y axis{cr)
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H Fiedd = 15cm plans
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E
&
Lh

[wizfeme T

® Axis(cm)
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H Fieid y=30cm

H Pkt yo 200m plane
4 i L 2
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u ANE{CT)

i
"

(el
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W (
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WAl A7)

I
[}
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N
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&
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1
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=0 oA

HA Ay

S
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=
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E Field z=0cm plane E Field z=5cm plane

X anis{emy

x axisiem)

1 5 10 15 20 25 0
¥ axis{cm)

(b)

o axislem)

15 0
¥ as{em)

(d)

E Field z=30cm pla

X axisicm)
X axisiom)

15
¥ axisicm)

()

19 3-17. z=constant?l HWe] A7 (E-Field) &2(¢9 : V/m)
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E Fueid y=10cm planie

el e LR e T
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(e}

19 3-18. y=constant¢!
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L Type2. $AF(TX) Al =8

FAF(TX) Al2=gle) T35 s Faddg9S P, =0.369 Wo|t}.
A7 E3E= Type 19 499 fAFsH
(1) 2718 (H-Field) &3

H Figlhd z=0cm plang H Figld 2=5cm plane

W e

¥ aas{cm) y amis{cm)

(a) (b

H Fiald z=10cm plane

¥ ams{cm)

¥ AXSS{CI ) ¥ axis{cm)

(c) (d)

H Figld z=30cm plana H Field z=30cm plane

CURSEED dpeee i e e T T

¥ EiEem)

1%
¥ axisicm) ¥ Asis{cm)

(e) (f)

a9 3-19. z=constant?]l HWAe]l A7 (H-Field) 249 @ A/m)
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2 misier)

2 aisjcm]

T aisfm)

2 nsiern)

(el

1% 3-20. y=constantql W} A7]%H(H-field) #3Z(4$ @ A/m)
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(2) 717 (E-Field) # 3%

E Field z=0cm plane E Field z=5cm plane

¥ ais{em)
in

; ; i ;
] Y 5 10 15 20 25 0
¥ avis(cm)

(b)

w
=]

E Field 2=15cm pla
BrrmEsaaaag n

i Jubou R ety e

e 2T

¥ ansiom)

SOyl Y TR (e

i L L
1% 20 F
¥ axs{om)

(c)

E Figld z=20cm pla

Bt Pt

gl

= -IH""- i
\_11\.

ey GRS, S
H
'

..“I'Ili.-i‘ nrn
T I

e v @2 7B EE

¥ is{om)

A e

5 k&

19 3-21. z=constant®l g2 7] #(E-Field) #+¥~(%$ : V/m)
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. 5 W 5 []
 ms{em) ® was(crn)

(el i
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= Reoil a Parameter Type 1 Type 2
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§ Lo ] Lyon (1H) 17.648 36.214
‘ C.,,i(pF) 5.8 4.4
Cont 6.77 6.72
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