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Abstract In order to realize a high power transmission efficiency of near field wireless power transfer (WPT) system,
impedance matching of the transmitting and receiving antennas are required. However, in the practical applications, it is
difficult to keep the impedance matching condition. This is because the impedance of WPT system is changed when
transmitting/receiving antennas move or rotate. Therefore, the power transmission efficiency of the near field WPT system
decreases greatly due to the large mismatching loss. In this report, we propose a novel near field WPT system by using the
reconfigurable antennas, and evaluate the antenna experimentally. The reconfigurable antennas are composed of the parasitic
elements with electrical switches. The impedance is changed when the termination conditions of the parasitic elements are
switched. Then the impedance matching condition can be kept even when the transmitting/receiving antennas move, and the
high power transmission efficiency is achieved. Results of experiment demonstrated the effectiveness of our proposed system.

Keywords Wireless power transfer, Reconfigurable antenna, Parasitic element, Impedance matching

1 ¥ 2R BV E A L H# LT, B T E AR G
WS ELEHEL, ¥ T Ly b PC, WEEE, B TETHAIEDTHY, CREEMES D LLEE L.
SEBERLEOBNELEL THEBE~D, r—T N FATHFRIC & o> T, EHRERENGEES 2T AT
VAR BN L LTRAAEDTOA[I[E]. BUTENGBEDEREZEDLLDICE, ERET VT

WARENREL AT LFRELSEDICHEATRTH FTOALE— L ABENEETHDL I EBRRENT
L. OEodml Rk AR DS OT4]-[6], b O WAHLL]. LA LARDL, £ v E—F v 2 BEATE%
VLoREBREAZMVD O TH S[T][10]. g, BT Y7 TOMETALRBEMICEL ST, HHICAE
BEEZHOCTEERENGBE AT AOMENEKEATH ELTLEI ZEbWESNTND[14]. 2D,
%[11]-[13]. EEREAEZM VD 2L T, BARAKYE  ERET VT IO THL SRR LERE DR H

This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.
Copyright ©2016 by IEICE



EHEFF CED VAT ARMLE L IR TN,
AHETIE, Var 74 XaT7 777 2HA0
B RERBNGEV AT LAERETS. Var o
A X 2T TNT T FE, EITEE I
Mo, WEHEME L TRE ST 7E[15]-[17].
MEVAT LTIX, BABEDRMEFZENE LA
VE—F U RABEEITO DI, AFINEERTS.
EZETUTIRNETALZEE, AU E—F R
EEESEDHLET, A E—F U REEEZTLD, R
BERKEIE T 5.

2. BIBENRDOES

MITRT I, BBRENBEEL AT LALLM T
MEECER T ENTEL. HITHEASINATND
Ly I, Ty T U Tl WUTORTEHRSNS.

Transmitting B Receiving
I ay %300 D Uil
A e | Se Se = [z
Pim’ ’_, Pin S21 S22 I Pf
b, 2
rzna‘Zin re’

1 : MEHRE IR ET AT SO %A

_ A Zi—Z,
ST b T 7.+ Z 1)
a Z,—Z
1 = —2 = L 0 (2)
by Zy—Z
['. = —=
n a, Zin +ZO (3)
312521[;
=S
RN @
b2 Z t ZO
Tyt == = (5)
az out+ 0
512‘5‘21[.'9
= S —
s (6)

TIT, Zo=50Q HEA v E—F R, Zy i3 AN
AVE—H VA, Lo I A v A —F v 2%ERLT
WA BB, RRKOBENRENFEELEZBT H7-DI21F,
UTORXDOLEBYERONTA A —F R Zg R
Zy DEHFEEIS, AWA LA —F L R Z B Zoy D
FBICR > TR XV,

Ze=1Z (7)
Zy = Zour (8)

ABETHWIEZENREDR n TUTORTERE
THILNTED.
Py
= Pinc (9)

TIT, P IAHESN, P IFAMICBITO2ZEE
HaERmRLTWD.
ST A =2 OBEHRAIT

bl = Sllal + Slzaz (10)
b, = S;1a, + Sy,a, (11)

ERFTIENTEDED, ARBEHREOB NEEDD
RO HEHAIE,

P, —asa, + b>b
n=p— =ttt (12)
Pinc alal
Sy 2 (1 -T2 (1 -T2
_ 182l ( $2)( ) (13)

T 1= TTi?11 — IS5,

LRBETLHLNTED.

LBRBRIVAT LD

HICIRET HMBENBEV AT L ERT. E%
BTy rHicE, 270874y T7 T FERWE
FREEET T FOEBEICE, Vary 4o XaT I
TrTFERELE. Var I XaT7 I AT T
L, AL v FRERINTZE/BESRT T L —#1~#9T
BRI TW5D.

WRERTOERIIT, EZET T T ELRKRICAT
VETGAUTUTFTTHY, RESBFEZEBET VTS
DIFDIREDORE L L.

KMAGERTITIE, Ay TFHEBEER L. A A
vF VT RFICENXPEI a vy ¥ X=Xty a
VB H A A4 — FBAP64-03 L. B H A A
— R, K3 RTEEEH W T AL 7 2EEZEINT
52LT, BYTAAL v TFE L THIET D L IC&EL
7o. S HIT, N4 T AEEP & L TNational Instruments
tHONIUSB-6216% A L, B ¥4 4 — FORESE
MEig, &LL< TBAM ICEmdEIE+ 22 &% e
L.

RVAT AT, MEOBKERFE2EAL Y
B, MIGER T OKmERAEOMAEEIX 2°=512 @
DVEZXDZLENTED. ZET VT IR UETALE
L&, R v F U K o TR S % 3 IS I B R
ZHZET, VarraXar 7 ATy oERN
BREELLSE, fE—F U RAFEAEL, TOKE
BN EDRE2LETD.

ERIZBWTIE, ZIE7 7 2@ dEIc512.8
H—rRBTOSNIFTA—FEFREL, €O LTENE
ENEEZHET S, HEREEEEOMATIX, &K



DENBEDREEZ DO EHRET HHEICL- T,
BRLTWD.

X Reconfigurable Antenna

182E
EEE
| |[ESE

(b) LMK

2 0 VR R Y AT A0Sl E B

Parasitic Element

> Pin diode

A

A
LED

NI USB-6216

3 ¢ MEARER FICHERE Lo N A T A A

Parasitic Elements

4, EBRAER

W DIBEBRI AT LIZHONWT, ERUBH 1T
7o, EREAREEM 4, AA v FHEREERNLZER
BETERSICRT. BHREDREZWMET S ITH
ST, ST A—ZiE[8]2MHA L, MELE S 3
FTA =2 x2A)RNIRATHZ L TRD. EEH
JE %41 58 MHz & L 7-.

Transmitting antenna

mn

Absorber

Receiving antenna

B4 FEHE R

Pin diode

Parasitic Element

5 @ AA v FHEM LN L ERER T

PERVAT LIFXRD 3 DO 8725 KM L - TREAM
L.

i) w/ Optimum loads

B AX(WIWZ R L CTEZIE T 7 I HE I il A fef
MEMEINTEY, WHEESRTOKImEM S I K
Thd. 2EVHBENLENBEDETHD.

ii) w/ Switching

EZET T FICEEICEEAWNZS, 2P BDER SN
TW5b. 28, ZP LT Ax(y) = 0 o RK#EE 525
MIEERTORBRMEICHRE L EOREAMTH
L. K AXWITHK LT, ALy Fr7IcLBEESET
DREIHRMFITHICRETH D



iii) w/o Switching

EZET T T W EERRZS, ZPh
fwé.it%ﬁ%%%@%%%#i%
REREO S DTHD.

frEsh
lmﬁﬁ%

M6 ICEBRBRERT. K6EIZEFET T T2 x il
FHCFns854, 73y bmicTnsHaos
FHICBTL2BNBEDEOLLLETRLTVD.

AL ATAZEWTIE, Ax(y) =00 & &, MBESE
TH#5 ML L, TP EHRKE T AL EGOE NG
ERERPRERTHoT2120, ZORMEED L X DK
A A e ARz, Zp L Lz,

Ax(y) BT Do, BABEDE Qi) (FH)
AWK T L, BAhBEERI) (BK)E O T ik
KLTWL. —3F, %12_Tf%m%# nhHED
AL v FTTHE, BHBEHE ) (RiR) 2EHR
L7z, ZNEE2ToORTEAGEDFE ji)z LR D
FER L0, X6 TIHRKHL1T%, X 7 Tk KK 12%

n [%]

DRENREWHRT D N TE.
DEXY, VarvroyXaT7 o777 EERL,
BHIRENREZYLHETEDLI LW LN L.
100 T T T T T T T T T
w/ Optimum Load =58MHz ]
50 e :
17 =27
D,=1, D,=10, W, =60, W,=45 -
80
70
60 |- %
w/o Switching
) ] ) ] ) ] ) ] )
205 1 2 3 ; 5
Ax [em]
HG:%%YV%%ﬁx%ﬁﬁ’ﬁ%fﬂbt&%@
AR RS
RL: BFANCBT 5 R OMEE
Ax #1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9
0 O|O0O]|J]O|O|S |O|O |O |O
1 O|O0O]|J]O|O|O|S |O]|O |O
2 S |S|O|S |S |S |S |S |O
3 O|S |S |S |O]|]O|O|S |O
4 O|S |S |O|O|O |O |S |S
5 S |O|S |O|S |S |S |S |O

O = Open, S = Short

10 ——————F———7——7—

- . f=58MHz
w/ Optimum Load Unit:[cm]

L,=9, L,=21
D,=1, D,=10, W,=60, W,=45

90

_ 80}
s
= I
70
- w/ Switching
GO—Hﬁ ',
i ’ w/o Switching
: ] : ] : ] : ] :
505 1 2 3 4
Ay [cm]
X 7: Z{E7T /Tﬂ‘i)\yiﬂiﬁﬁ IfMEITNLEEED
BN IEEH R
R2: KAy BT HIKREEFOHER
Ay #1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9
0 (6] (6] (0] O S (0] O (6] 0
1 S S O |S S (6] O S S
2 S (6] O |S S (0] O (6] o]
3 S S O |S S (0] O S S
4 S S S S S (0] 0] S 0]
5 (0] (0] S S S (0] 0] S S
O = Open, S = Short
5. 9
K%ifm,93y74¥;77w7y%f%ﬁw
T2 LW RERENBEV AT AERE %5
ET/TT&U,)S/74#:77W7/TT%$
fEL7. Vavr o4 XaT7 707 7, BHEEO

|IEERFLOBEREIN, AAf v FZ2U0EZLL L
TT T DOA LV E—F U 2AEWICHICELIED
LEFEREL L., KV AT AL TEZET VT
DUETNLEEETREAGHELZMBITEDLZ L 2

AL, BNBEDEEMETED L E2ERNICH L
L.

6. B &F
AHFZ213 JSPS BLAF # 25420353 OBk A Z T 7= b D
<.

B/ N
[1] J. Murakami, F. Sato, T. Watanabe, H. Matsuki, S.
Kikuchi, K. Harakawa, and T. Satoh, " Consideration
on Cordless Power Station -Contactless Power
Transmission System,"” |EEE Transactions on
Magnetics, vol. 32, no. 5,pp.5017-5019, Sept. 1996.



[2] G. Buja, M. Bertoluzzo, and K. N. Mude, "Design
and Experimentation of WPT Charger for Electric
City Car," IEEE Transactions on Industrial
Electronics, vol. 62, no. 12, pp. 7436-7447, Jul.
2015.

[3] J. C. Lin, "Wireless Power Transfer for Mobile
Applications, and Health Effects,” IEEE Antennas
and Propagation Magazine, vol. 55, no. 2, pp.
250-253, Apr. 2013.

[4] Y. Suh, and K. Chang, "A high-efficiency
dual-frequency rectenna for 2.45- and 5.8-GHz
wireless power transmission,” IEEE Transactions on
Microwave Theory and Techniques, vol. 50, no. 7,
pp.1784-1789, Jul. 2002.

[5] W. C. Brown, ”"The history of power transmission by
radiowaves,” IEEE Transactions on Microwave
Theory and Techniques, vol. 32, no. 9, pp.1230-1242,
Sep. 1984.

[6] P. Jaffe, and J. McSpadden, "Energy Conversion and
Transmission Modules for Space Solar Power,"
Proceedings of the IEEE, vol. 101, no. 6, pp.
1424-1437, Jun. 2013.

[7]1 A. Kurs, A. Karalis, R. Moffatt, J. D. Joannpoulos,
P. Fisher, and M. Soljacic, ”Wireless Power Transfer
via Strongly Coupled Magnetic Resonances,” Science
Magazine, vol. 317, no. 5834, pp. 83-86, Jul. 2007.

[8] K. Hatanaka, F. Sato, H. Matsuki, S. Kikuchi, J.
Murakami, M. Kawase, and T. Satoh, “Power
transmission of a desk with a cord-free power supply,”
IEEE Transactions on Magnetics, vol. 38, no. 5, pp.
3329-3331, Sept. 2002.

[9] J. Garnica, R. A. Chinga, and J. Lin, "Wireless Power
Transmission From Far Field to Near Field,"
Proceedings of the IEEE, vol. 101, no. 6, pp.
1321-1331, Apr. 2013.

[10] A. Karalis, J. D. Joannopoulos, and
M.Soljacic,  ”Efficient  wireless non-radiative
mid-range energy transfer,” Annals of Physics, vol.
323, pp. 34-48, 2008.

[11]1Q. Chen, K. Ozawa, Q. Yuan, and K. Sawaya,
"Antenna Characterization for Wireless Power
Transmission System Using Near-Field Coupling,”
IEEE Antennas and Propagation Magazine, vol.54,
no. 4, pp. 108-116, Aug. 2012.

[12] Q. Yuan, Q. Chen, L. Li, and K. Sawaya, "Numerical
Analysis on Transmission Efficiency of Evanescent
Resonant Coupling Wireless Power Transfer System,"
IEEE Transactions on Antennas and Propagation, vol.
58, no. 5, Mar. 2010.

[13]Y. Tak, J. Park, and S. Nam, "Mode-Based Analysis
of Resonant Characteristics for Near-Field Coupled
Small Antennas,” |EEE Antennas and Wireless
Propagation Letter, vol. 8, pp. 1238-1241, Nov.
20009.

[14]J. Oasa, D. lwahori, and Y. Kuwahara, "Fractal
antenna  for wireless power transmission,"
2012International Symposium on Antennas and
Propagation(ISAP), pp. 443-446, Nov. 2012.

[15]Y. Li, Z. Zhang, J. Zhang, and Z. Feng, "Compact
Heptaband Reconfigurable Loop Antenna for Mobile
Handset," IEEE Antennas and Wireless Propagation
Letter, vol. 10, pp. 1162-1165, Oct. 2011.

[16]C. Christodoulou, Y. Tawk, S. Lane, and S. Erwin,
"Reconfigurable Antennas for Wireless and Space
Applications,” Proceedings of the IEEE, vol. 100, no.

7, pp. 2250-2261, Jul. 2012,

[17]H. Gu, J. Wang, L. Ge, and C. Sim, "A New
Quadri-Polarization Reconfigurable Circular Patch
Antenna," IEEE Access, vol. 4, pp. 4646-4651, Aug.
2016.

[18] R. Meys, and F. Janssens, "Measuring the Impedance
of Balanced Antennas by an S-Parameter Method,"
IEEE Antennas and Propagation Magazine, vol. 40,
no. 6, pp. 62-65, Dec. 1998.



