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Construction and Characterization of Multiple Power Transmission Coil System for In-Vivo Implanted

Medical Device Considering Angular Misalignment for Photodynamic Therapy

Miyu Takahashi, Student Member, Takehiro Imura, Member,
Yoichi Hori, Fellow (Tokyo University of Science)

Photodynamic Therapy (PDT) offers a minimally invasive cancer treatment by activating photosensitizers with light.

However, current PDT methods are limited to shallow tumors due to direct light delivery requirements. To enable

deep-tissue treatment, implantable light sources powered by Wireless Power Transfer (WPT) are proposed. A major

challenge is reduced efficiency from misalignment between coils. This study proposes a WPT system with multiple

transmitter coils and phase control based on the receiver’s orientation, enabling stable power delivery despite angular

shifts. The approach allows for simplified, miniaturized implant design and was validated through theoretical and

electromagnetic analysis.
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Transmitting side Receiving side
Number of Turns 8 7
Size[mm] 200 % 200 20X 20
pitch[mm] 5 0.5
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Parameters Value
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Parameters Value
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Zo[9] 0.21

AR COMGMEL, BREFITIZB W TIEEBROT A
A D LED XML & LCR, = 10Q%& A=, £72, K
(DDA DH T DB A VOBIEILOIRIEIL0 %
TUTORQOD L HIICHREL, 02L& ED 2 L TEHRK
WA % Rx OFFENCHENT D 2 &2 HE Lz, EEROMG
fENT . BRIV TU = 20[V] & L=,

U, Ucos@
U,| _ | Using
Us| ™ |UcosO @)
U, Usin@

3. IRELWPT ¥ X7 LD

(3-1) EEEmARAT

HERIEAT TIXR (DI T 2 HEEE & 0 REETHI & E
R7 S VE AW THEIN FRER % 72T, python OFEF R Z
A 77 V) &R U/ N ZIRBIC S SR R 21T o 7,
ZOFFE LD LED O%MEHIR ICHN D EHERE L
2o RX B XZ Vil ETHETNERZ LIGAaEHEL,
PN O B E DO HRIE 2 25l S TR 21T o 72,
AETNICE W BT B EITEZER OB GRETH DT
B, ZOfEIT FEKO IZ L % FBEREFRNTIC L0 B Lz,

FEO R OMENTHE R % Figd IR 7,

0.010
0.008
® e
0.006 ®
/'y
~ 0.004 &
S
‘s 0.002 &
% |
S 0.000 = & ]
o0
£ -0.002 = * =
£
S -0.004 an ® an
K | B
-0.006 = »:< o
| B | /'y &
-0.008
-0.010
0 30 60 90 120 150 180
Rotation Angle of Receiver Coil [deg]
Tx1-Rx W Tx2-Rx A Tx3-Rx Tx4-Rx

Fig. 4 Rx &[5 St & & OSSR OEL
Fig.4 K O Q2) % AV CTHERMT 217 o 72, B OEIR
BEOREBICEEINDIEKOEZ LS HT-EEDOAN
(LED OZAlfH) (i A EMMOLEIERD, Z 0Ok
F%& Fig5 l2R-7,

350
300 X

=250

/g[m
= = )
o o1 o
o o o

Load Current

o1
o
3

0
0 30 60 90 120 150 180

Phase Angle 8 [deg]
Rx0deg —&— Rx30deg

—+— Rx60deg —@— Rx90deg
—@— Rx180deg %X Maximum value

—¥%— Rx45deg
Rx135deg

Fig. 5 PHARMRHTHRE R

Fig.5 IZHB W\ CAMBIRMEOMAEIL X TR L, 22
THRMIFEN D BIRMENBA L 72D & & DIREOM A0
Z0max & T 5, Figs £V Rx DOEEEANEACT D & Opax
FLTWDEZ ERNbND, ZOZEhbH, Rx DAETH
BRIV BEBHEEDRMETLTCH, BREED %[0l
AT U TE LI 5 Z & T, LED #43 I HiidL 5 & & il
HIFHRETH D Z & NHEERAICIEH iz,

(3-2) EWHREF

Fig3 O XL 912 Tx #3AKIZ 4 5, WERIZ Rx & 1 DOF#E
L. Rx OEEEAICGE LT, Tx BRI 4 SOBFEOE
JEIRIED 0 22k S8z & & OB MOARES (LED &
53) RN D EIROERSETZ21T o7, T2 TIHE—A
v MEIZES<S CEM Y 7 b7 =7 Toh 5 FEKO & Ve,
B EE TG & RBICUL ToXQ)D X ) ITHREL
77

300
250

200

-
o))
o

Load Current | g [mA]
S
o

o
o

0 30 60 90 120 150 180
Phase Angle 6 [deg]
Rx0deg ——a—— Rx30deg
—— Rx60deg
—@— Rx180deg

—¥— Rx45deg
—ll— Rx90deg Rx135deg
¥ Maximum Value

Fig. 6 TERESRATHS R



Fig.6 (2B W TAMEIMEDOEKEIZXEITRLTWD,
Fig.6 &Y Rx OEEEAITE L TOpax VAL L TND Z 2N
PMD, TIVIRx OAETIUCK LT, EIREEORR
DONLFEF 0% FERAICIG UCl%Ed 5 Z & ¢, LED #7512
MNDEMEFIEFRETH D Z & ZERNFITIC LV RL
b DThHD, S OITEMNENT ORERITEGRANT & X<
—HLTHY, BEFEOADIEDI MR INT, Lidio
T\ BT A AOMEZAITIE CCREE MO FEIREE D
RIEZFRIET DL T, B RN D ERZ#EY) 72
EIZHIE L, ZELTZBENFTRETH D Z LRI LA E 2
ST,
T, Fig5 BELOVFig6 DFER%EZ S L1, OpaxH’ Rx OJF
HEAIZED X D IKTFET 20 &t MICmET 2, BT A
A ADKREEAIZ BT D Opax DAL E £ L DT iER % Fig7
W27, Fig7 L0, OpaglEEHEAxIZX LT, tanBIEICHE
P2 R Z ENEREINT, £, FEA LD
A IZ BV T O 3 L OB ETE IS DV CEERRT &
WESENT OFERIT—F LTz, — CRIEEMA D 40~60° {13
&, O & B L Tl OMIZRRENE T TV D,
THITHRIC 45° FHTICBWT, RE A AROMHERKAIC
L VBROTENREAEL, BHBEEDENMETTE2LET
ARTEFRMEN NS L2 D Z 8| A T Opax P B RAFHE
D3 tanBIEIZHELL L QW CRIBICE(L T 28I CTH H 720
DTN ERRENARERMEO KX REEICBEND Z &
BDRE LB 2 BND,

180 [}

160

140 sim
®cal

120

100

80

6 max[deg]

60 ®
40 ®

20

0 30 60 90 120 150 180

Rotation Angle of Receiver Coil [deg]

Fig.7 Rx O[EHEMAIZIT 5 0. DEAL

4. FEH

AWFFE TIIOER A FIRIE L U A Y L 2B a2
ﬁAbﬁé’&T\%%@Hﬁf@ﬁ%ﬁﬁ%kéhfw
T R DTEIR & AIREIC T 5 WPT V AT A% HRE LT,
BRI, ARISHEIS T 8o R & DA A TIRIREAT
IBICREE SN D AROB X I X DB AR EOZE L &N
ET B, TAL ADHRSKBEAE L Vo B A RS
L7, BEEBEaA NV ERAVWERFEREOS VAT
DEREE LT,

ﬁ/XTATm%$7A4x®@%% TS L TREBEM O
Ko VRS SN ZEBREEORIFEZFZE L., BHkaa
Vv ORIEZEACIZ A 5 Rtk lz 2V TR ﬁﬂﬁk*ﬂﬁ%ﬂﬁ%
fTole, TDORERE, %*Mﬁﬁffn TR U EAE
DOIRMEFEIC LY, ZEaA VTN E (/lh%lﬁ@]f£1ﬁ
FHEFRE CTH D Z L R EN, RU AT LOF AR
S,

E L, AR TIEEBREOHEEZIToTELT, B E
TR P T ORI ESWERFTH D, £0-D
ASHOREL LT, ERICE B AT LAOBERIFRCEE
SA NVOEEEBEEEZ ) TIVE A LTHESTS7200HIE T
NI RALDFERELZFEFI LT MLERNLDI EEZLR
Do

X ik

) J. Ferlay, M. Ervik, F. Lam, M. Colombet, L. Mery, M. Pifieros, et al.,
“Global Cancer Observatory: Cancer Today,” Lyon: International Agency
for Research on Cancer  (2020)

2 E. Schena et al., “Solutions to improve the outcomes of thermal treatments
in oncology: Multipoint temperature monitoring,” IEEE J. Electromagn.,
RF Microw. Med. Biol., vol. 2, no. 3, pp. 172-178 (2018)

©)] T. Abbasiasl et al., “A flexible cystoscope based on hydrodynamic
cavitation for tumor tissue ablation,” IEEE Trans. Biomed. Eng., vol. 69,
no. 1, pp. 513-524 (2022)

4) D. Dolmans, D. Fukumura, and R. Jain, “Photodynamic therapy for cancer,”
Nat. Rev. Cancer, vol. 3, pp. 380-387 (2003)

(5) M. Mitsunaga, T. Nakajima, K. Sano, P. L. Choyke, and H. Kobayashi,
“Near-infrared  theranostic ~photoimmunotherapy (PIT): Repeated
exposure of light enhances the effect of immunoconjugate,” Bioconjug.
Chem., vol. 23, no. 3, pp. 604-609 (2012)

(6) R. Mansour, “Flexible wireless microsystem for implantable
photodynamic therapy in bladder cancer treatment,” Preprint, Version 1,
Research Square(2025)

©) S. Rho, H. S. Sanders, B. D. Smith, and T. D. O'Sullivan, “Miniature
wireless LED-device for photodynamic-induced cell pyroptosis,”
Photodiagn. Photodyn. Ther., vol. 47, 104209 (2024)

8) Yoshitaka Yasuda, Takehiro Imura, Yoichi Hori, Kenta Yokoi, Azusa
Kanbe, MasakiKakihana, Shin Aoki, “Studies on Inducing Cancer Cell
Death and Required Light Energy by Photodynamic Therapy Using
Wireless Power Transfer”, Southern Power ElectronicsConference
2022(SPEC2022), Fiji, (2022).

9) H. Abe, T. Imura, Y. Hori, N. Hayakawa, T. Tojo and S. Aoki,
"Photodynamic Therapy with Wireless Power Transfer for Deep Organ
Cancer Application," 2024 |IEEE Wireless Power Technology Conference
and Expo (WPTCE), Kyoto, Japan, pp. 509-512(2024).



