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Fundamental Evaluation of Power Supply and Rectifiers for

Wireless Power Transfer using Magnetic Resonant Coupling

Keisuke Kusaka*, Student Member, Jun-ichi Itoh*®, Member
(20XX 4@ 1 @ H % ff, 20XX 4@ F @ H F32 1)

The fundamental analysis of power supply and rectifiers used for wireless power transfer with magnetic resonant coupling
(MRC) is discussed in this paper. The MRC enables an efficient wireless power transfer over middle-range transfer distances.
MRC for wireless power transfer is desired to operate at high frequency in the industry science medical (ISM) band, such as
13.56 MHz, because the size of the transfer device decreases with increasing transfer frequency. Therefore, the output frequency
of the power supply on the transmitting side should be 13.56 MHz. In addition, the rectifier on the receiving side is operated with

a high efficiency.

This paper focuses on the reflected power on the power supply and rectifiers. Thus, the parametric design method is clarified

with power supply including a low-frequency pass filter (LPF) to match the output, impedance of the power supply with the

characteristic impedance of the transmission line. In addition, the effects due to the rectifiers with SiC and GaN diodes are

confirmed by performing an experiment and a loss analysis.
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Fig. 1. System configuration example of peripherals.
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Fig. 2. System configuration of experimental setup.

Table 1.  Specification of transmitting coils.

Number of turn 6 [turn]
Material Magnet wire ¢2.3[mm]
Radius 20 [cm]
Vertical height 9.9 [cm]
Ohmic resistance Ronm 151 [mQ]
Inductance L 66.0 [uH]
Capacitance C 3.0 [pF]
Mutual inductance Ly, 6.3 [uH]
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(a) Equivalent circuit.

(b) Equivalent circuit of type-T.
Fig. 3. Equivalent circuit of wireless power transfer with a

magnetic resonant coupling.
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Fig. 5. Characteristics of high-frequency power.
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Fig. 10. Transmission efficiency characteristics.
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Fig. 11. Experimental setup with diode bridge rectifier.

Table 2. Ratings of diodes in Fig. 11.

. Rated voltage Rated current
Diode
I\ [A]
SiC-SBD 4
GaN-diode 600 6
Si-FRD 3

B ARSI KB L 2D, FilEEEZE LR 72
%, DD, KimSLTIHERBODC Vv avs ot
LTHEE T Iy s ars o3 (& ERT,
GRM43DR72E474KWO1L, 0.47 pF)%& 5%, BBt I v
7 2T AR ECTEICHEER RS OO0, KEF4EA
VEIHEATHDLTED, DCY vy aryF o LCHEM
ATRETd 519,

(5-3) ENMERREL

12 |Z SiC-SBD, GaN-diode, Si-FRD %% % 32 FEAlC
Betgr L= B D IR B S 2T A O W =38 OBIER T
R, ZOFE, AT 100 Q, EEEREITES E B E~D
FaEAAEE LT 150 mm, IR D AT TR E T
100W & L7z, $£72, BEEREIE 11.18 MHz TH v, 13.56
MHz Tid7Zev, Ziud, £y 27 AOIER L% v
TERLEZTZDTH 5,

B 9 1R L7akkIS, ZEMNIP AN & B L5
AT BB ERER & 72508, AR AN & Bk
L7 Az O Bplin 22 < Gl HTRRIREE & 72> T
Wb ENGIND, B, FRRIBIZITR L TN,
e iam D NTITBIRIZIERER & 7o TVWD Z LR S
TWa, TN, FA44— 7Y v VERaORMEIZX D
LOTHD, W, A4 — RV v VSR EEERIC
B LA, AJTBRDOT A, %< O&EdE Ry




FEREMAS

I FEIR K O sitas O ET (B T, )

ERHOZLENMLNTNS, LLAaRS, BAIERES

TR RS O LB LML ST, EREROE
MNZEMNMEIN D720, BIRIEOANNEEN TR
RicoFez & L sd,

KEaAANVOEE, BERKEFICERT DL, Si-FRD %/
W BRITITAR L ERER D 2 SO TIREI L Tnb 2 &
Db, L, KEENZLIVECTWDEEROEY
BBCThHY, ZOREEEEBERCHE SN KB 63W
Tholz, TNHOEBZLIY, Si-FRD #kRF DG - &
ﬁ%%ism&&é —7J, SiC-SBD K& U GaN-diode Fiiit

e L2 aici, KB SV RBERHELE A2
HIENTEDZ & DR SN, SIC < GaN &W»o 7=k
AR T N 20, Si OB L LTS RE Y
7 Eg MERHIEBR EgPRENVEWVIFEE LD, Zh K

,&ﬁﬁ¥%¢?ﬂ41®%k%WHﬁﬁmwi Siz1
L L728B1T 4H-SIC 78 9.0, GaN 23 7.0 & K& 22l v,
@H&%ﬁ_ﬁﬁémktk,Wkﬁwmﬁﬁmwivﬂ4
ADOYVEEN D B2 LN DHEREIIETH Y, fracuEsEy” T
HHrW 2T, FAF—FDY BN AR S &,
Si-FRD @™ U #3 U KEfE 1L 20 nsec (T=25°C) T&» Y,
GaN-diode @ Y 713D FE[#] 8 nsec (V,=400 V, T=25°C) & L
LTC25FDE% &5, £7-, SiC-SBD TIIFEH LU XY
BB RA L7, KL TITEE K E & LT 11.18 MHz
%ﬂib\fwét&) —JE 1L 89.4 nsec £ 72V, SiTNA A
ZHROWTESAEITIEY AN EROEERRKRED, Eo5T,
SH?Dki@%ﬁéﬂéﬁﬁ%i$77)7*Vaytﬁ
&4, SiC-SBD % L < (% GaN-diode #ifi R0 A A H T
HDHZENbnd,

KEM T TORBRE - BIRZRITZNZ 4 SiC-FRD & AW
7= %678 75.2%, GaN-diode % W\ 7235678 69.2%Th 5,
T I T, ik - BERAER L3I AEE S AT AT L D 150
mm O IERREE TR 5N & BN ST B aR O
BEHNROWE B TR0 L 2T,

(5-4) {&i* - BRDESEN

X 13 [CHE AR DAFTHEGL & AR - BN O BfR & R T
TIT, B - BRI MONEO TERIND T2
14)cE£Eh s,

ST ) (o v S (14)

ZIT, ATHFETIEENCH L TR A VTR S
NPFICERT HEBEHOEE, A-TAXETE s LT
TEATI TR ENTITEBBRT 2B OEIE, nr (XB5%D
%anmﬂ%ﬁ%®%@%$%mio::fi,&%%ﬁu
BRTHES LAWY, BEKELTH,

(5-5) BRI E

Wt 2 IR E Y AT A TIIADRITRLEZ L 51
DOEKRDOBEEERR DD, LLRAE, SEKIZBN

TEHRENZUETL2OFRETHY, =i, HEKS
ERAT LI LICLDRBELEA TSV, I T, A

TIERHENIZE B LB RSBEHEE AT, 2RO 4

0

' T

.,"_.:> N

F Transmitting coil current i, [3A/div]

Obﬂj _v'/

o \

0

V]

Transmission and conversion

Recllﬁer mpul volmge Vre

VAV IR AVAY SO |
] S T Y

Eo... \'{L‘M‘f ...... LA

Transmitting coil VUIW [lUOV;‘div{lﬂ

Recul"er mput mltage Vie [](]GWdlv
R W

i :
PR SAERERS

(a) SiC-SBD.

40[nsec/div]

’/‘jr"\.\wﬂfﬁ ...... ;

Tldnsmtlmg coil voltage v, [100V/div]

’“M”* .......... \./

v

- [100V/div

Outpul voll'lgje v, ,‘,,[SOVfdw]

T I‘i A
)\ %{V&nrf‘\_!\ﬁ

iy "\WMW,'AW Ay w’vmfw W%M

|

...\J@,Hf.z...\;mw#;;__._

4()[11sec/div]

(b) GaN-diode.

Transmitting coil mllane Vi [ZSOV /div]

by / : i
s W"”W“

Outpul vollagc Vour [ZSVMWJ
MWMM

ww tww%w“mf‘“w

40[nseu’d1\]

(c) Si-FRD.

Fig. 12. Experimental wav

o
)
|

efficiency 1, [%]
o~
o

eforms with rectifiers.

SiC

0 20 40

60 80 100

Load resistance [€2]

Fig. 13. Characteristics of transmission and conversion efficiency.

IEE) Tronsy: @@, Vol.O®, No-@®, 000



FEREfRAS ) IR N O OMET (B TE, i)

79, AFRITERERE L L2, BEDFEEHET S,
72720, R —7 IS ko TRET HHELITERTE S
HDET D,

X 14 \ZHRRTBEHEOM SR Z RS, 4 v E—X V ADE]
S D IR Y AT A B EBIRER, (BEER, RO 3
I T CEZDMERD D120, TNENORIZRHE
AV E—F U ADBERNRS L, ETHOIC, EBIREHE%a
ANEDOA =X RZERT D, 2T, BEMOH
SN AEATREN PEICH LT, BAENIIE)RIHE->T
RET D0, Rk A MR SN DB E 1 Pe(1TH)
LD, TRMBINIEED R I Lo TREMITEEIN
5728, ZEaAA N EEREOBERICHBENDE T
Pe(ATHm &b, 22T, & BICKEMRIT L v S
NDW, BRESCHRE SN D BT PLATAmATAH L7
5, B DONEE ne T DL, Sz ENIDH B,
B s o H hE L THE LR D EDIX
PoumPe(L-TA (LT A e & 725, KBS b RIEEIC ()%
AWTEHRARETH D, EBRITIII SNTZEIN, HE
Wb A = ZERIGE LB K U &
NBHNB, NERFSHERFENITNCHFIL, I<l TH
0T, NERICKEREEL 5V, T, K
FENT CIXE D7D 2 BHUBOKRZ8HT 550 LT
%, BHEFERN G, EBRTENSN D XHES) Py L HIE
1 P ix(15) X T o5,

{ (1 I )’7 (1 I; )Urec =P (15)
P.(1- ﬁWﬁ+PW P,

B CEIE S 5 KB KO EINEHEFTRETH
5®fwﬁﬁm@iﬁﬁﬂ%%<:kf,h%%%mﬁ%
bD, BENFEE16)RITRT,

Pou
I e (16)

¥ 15 |Z SiC-SBD % () GaN-diode ¥ ifigs & H\ /- 355-A 048
Sy BfERE %574, SiC-SBD, GaN-diode #&iiies 4 AV 7=
G, WHEE bBEREFFEFEOERmERT I ERH LN E RS
Too HERMIMOEBNRICERT DL, AMEIEI KX
BT ONT, BERMNNSLK D, ZHUXF A A — RiZk

R AR RSB W TR THH Z 2R LT
W2, FAFT—RNICLDEERTIIHRTFICIVERD D
ﬁ@ﬂK%MTHQO%D%%WtEA’%@%%T?;
Lot

=7, IBEIA ML DB &R X D AR
TIOFNZEBT B &, ARTIHIA 50 QORI IMEZ B,
ZHITBE R MEERE 50 QTEALTWAEDTHS,
BRI L DK FHMET 2720121%, EEEEECBsY
T, BRBOANA L E—F 0 A% 50 QICHEEF LT
BV, ZhUE, BREREEICB W BRSO AT )%
Z1EL, &bIZ, ANEEH L TANERE 150 &7
HTLEEEW%RT D, :V%/#%/7/FR&4%~%7
Uy VEREE WSS, ANERITAREHICEVE

=

=7 -2 ), (-,

=

1P oury

[]T““'

Fig. 14. Basic concept of loss separation.
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