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Electromagnetic Compatibility of Transcutaneous Energy Transmission System
for Totally Implantable Artificial Heart
Kenji Shiba*, Member, Kohji Koshiji*, Member

Transcutaneous Energy Transmission (TET) is one way of providing the energy needed to power a totally

implantable artificial heart (TIAH). In the present study, an externally coupled TET system was implanted in a

prototype human phantom to evaluate emission and immunity. In the emission evaluation, measurements were
conducted based on CISPR Pub.11 and VDE 0871 standards, while immunity tests were based on the standards -

of the IEC 61000-4 series.

The magnetic field of the radiated emission was measured using a loop antenna. At 0.1[MHz], we found the
greatest magnetic field of 47.8 [dBuA/m], somewhat less than CISPR’s upper limit of 54 [dBpA/m]. For the
conducted emission, by installing a noise filter and ferrite beads in the input section of the DC-power supply,
conducted emission could be kept within the allowable limits of CISPR Pub.11 and VDE 0871. Finally, the
Immunity tests against radiated and conducted emission, electrostatic discharge and voltage fluctuation proved

that the prototype could withstand the maximum level of disturbance.

These results confirmed that the TET system implanted in a human phantom could, through modification,

meet the emission and immunity standards.

F—J—F: ALDEK, =31 ¥—{E,

Ty bbb, m3vvay, £ Ia=T4

Keywords : artificial heart, energy transmission, phantom, emission, immunity

1. FAMNE

DIRE#RE M LT AR R o BiE LR EEBE
DERE-SEIROFTRE LT, ELBIAR AT LIE

(Totally implantable artificial heart; TIAH) OQ:@334 1,
COBRBO—2 N X —{EOMERH 5, 1 55
~7L/min] o MK & 2 F kD B3 0IBE, FoffEER
KEL, ThEATHLERYFTRITLEI E$5 &, 10
~30[W] V@DWEEENNBLE LD, LT, #EHEmicz
FNANFX = EBL DI EOFIEEEZRTERG A
[

ZOFEO—DOIRE TR AF —{ri¥% (Transcutaneous
energy transmission ; TET) 28% 5W~08_ k4| & (KN E
Wiz 1 foman BEFFVR) ERWT, BREFEIC
I o THERBCEMNMII ALY — AT B LD TH S, &
MBEBEEN RO ENLBEPEDRERMBIZ L AL
<, BEORV Quality of Life BHIFTE D HTENATE

O RREAE

T278-8510 TEREFAETLK 2641

Tokyo University of Science
2641 Yamazaki, Noda, Chiba 278-8510

BEMC, 1234578, 2003 %

1219

D, SARLAENRFHELEEINTHND, EAESRRE N
F L 2O R H Wi b O T, #EEE T DC-DC
FNF—RENEIZIBVT 87[%] (20IWH=ZH) 2R L
TRY, SMEREZSDLBERR LT TE 1,

LhL, ZRXAX —REFERET HERANBLOE
FHEBCRIETESE (2 vial) OFERLI0~02.09,
WA OBEFHEBOLRET HEBEOW /4 Xtk (1
22T ) OFHAOIITEELBIT> T DU EEFRL
TONTHWRVORBERTH S, MR T, BP-CREAR
BIZHDAATE AN X —REVAT L EMNEE LT
EMC il b &< T T\, ARG T, EBEOME A
FRC LD IEWNRET IS 25 HET 5729, b N OERR
BIRPVE 2 AR L 7B AR (AR T 7 v b &) &R fEL,
ZNIWCTET VA7 A EHIAR, T=Ivyial, R, A2
a =7 A EIT o 72,

2. BEIRNF—EGEESRT LA
BETAALFE—EEIZXTFT A (TET A5 A5) OEEE

M 1R, ESMIEN IV ERT ELERE 21 E5 2
WEMNLOEFE, 4 A_A—FEKICIOEE k~#



MHz OFEEEICERRT 5, BRI EHEE L, &K

N RERTHERNIZERIND, KRIKEEINTZEH
BB, FERNICEAENERERNRICL 0 ERED
WEB SN TIAH KNy 7 7 v 77 2 KlL#hO®, (ki
AR THBEBEZITORRET LA MY 27 A@OMZ{L
wmans,

BERTRACOWTERYT S, Zobicid, E08o
%@m%>W%ﬁé@@h@wﬁWNWKEﬁ%éO:n
W, BRI B RIFE LS 2 i o6 0 ¢, &
FAWﬁ“6n5i91%Lt$@f@éaxzﬁ%)1
waA ik, baAgFARRe R—F Y B L LRI RIS
BEBNEFEBEEEILILLO, 2 R A/E, BHEER 30
~40[mm][DIVFKIZEV 2B DO TH D, 2 KA LD~
TR TIICHDIAER, BYORSEEECEbN-TET
—FRICHICEE RS, BEMEREESCOBanTEY,
BT RN REBLT 2 RIANEITTTD, I
CAEDHBEN T 2T ba7ohdEETa0, 1k=
ANk 2 WaA LOHFIN EERICED ST, A% K
ITHEIZ K=0.98 LU E2HERF T&, BVMREREM: L RXEYH
NESNDLDOTH D,

LI TIREAE SRR T ARV TET VAT A
WOWTFHIE 1T 5,

skin

Transcutaneous
transformer

Rechargeable

internal
backup bhattery

Rectifier ”

DC-Power supply or
external battery

v

Inverter
circuit

Modulator and
computer Ldemodulator
1 circuit
. LD and PINPD
OQutside of the body Inside of the body

(1 T FNF—RZET AT LOMERIK

Fig. 1. Block diagram of transcutaneous

energy transmission system.

internal coil
(Secondary)

Secondary coil

Extemal coit ~
(Primary)

2 EARSEGERKE ST R

Fig. 2. Externally-coupled transcutaneous

Outside of the body! the body

transformer.

3. EEBIVATA

TET v AT 4 (A 3= Z 0, EABENRKE T

R, EHERIE), AMET 7 o b A, RO, AfTE 722 TIAH
K A M +TIAH (22 W CiA$ 5,

(G-1) TLNTYy DA -4 Mk Iy
ORMIZIE, RIELIZTOAT Y o VB R~ E
Mz, ##H IC (WPC494, NEC #1) 2L »THEH £
nrEF— s ANHOBEREE, VAT RENMLT
MOSFET (2SK1491, NEC) X 4FFICAN LIz, AL v
F o 7B, 0.MHzICEE LT,

(3:2) Tyl adiLBIA L N—50EK £ 3Ia=5F
14 OFHEIZIE, 7y v a PR R — 2[R E VT,
HIHEH IC (uPC494, NEC th) ko TEY IZani/—
FANHORER X, MOS FET F7 4% (MAX627,
MAXIM #:) %4 L T MOSFET (2SK1491, NEC #) %2
FETITHBEAN L, A4 vF v 7B, 0.1[MHzliz
[T L,

(3:3) HHNEBEEBEFSUR  KARASREK b
FUAD 1 R NOBEMEERICE, FEMLO 38[TCIRT
0.1~ 1[MHz| Dk CRE L 2L BR L BB LR RS 2
EMTEDZ 7254 haT ((ERFFHRERL) ZHEAL,
FEARIZ LB EE BRITVRT W b a1 v (442 38Imml,
W7 22[mm], B & 14[lmm], BrE#E 109(lmm?]) & Uiz (X
2 B, IALOEHICE, 00.1mm]ORY T LF 8
BERBEIOANIKETDE) o VBREHAWE, £ =4 ]F]
BN TAT Y v PHROEAIE, 1K A T, 0.22~0.3[uF]
DALF Y (AXTAXKRY T AT I)VT 402, Nissei
) EPEINCHAL, B NFURADRNMA V7 2R

(# 8~10[pH]) & EFIFEE Lo/ (Fy a7V
%ﬁ ,Amm&ofw&w)2&24Wi,&Tm@@

ABMBES T, ho, EEHEB w%?b#&®®®(ﬁ@
40[mm]) & L, @VMEESEAGLN DB (10 1) |
tbtwwoit,%ﬁmi,m%ﬁﬁklﬁ%rﬂB%E
L1ELTWEO0 (1 %= /UEKE10E),

(3-4) EFFH/ER  BHREEER (8 30[mm], #
60lmml, & & 20lmm]) X, BEBER Y A4+ —F

(10DL2C41, W2#) % 2 AW 2RERITRE LT
W3, Fa—27 a4 (500uH]) & FHE=F oY

(4,400[pFD) BB 7 4 A Z EREL T3,

(3:5) AEI7 thL  RBENIFVAOKN=ANL
I, ARERICHEDIAENS EEZONLED, AR
Pt XD (K% ETEMEELIAKT 7 b
L0878 (B X 0.8[m], ﬁodm Exo02lml) %{EHL
oo M3 IFDOHNIEEZTRT, Iy a VRAIEDOXR LR
A8 B EIIE 0.009~30[MHz] (ko 1~3 B8), «
Taz=T o B oK EL D BHEE#MMIET 50~
2,000[MHz] (ZloFb5 HM) THLHN, ZHdbTTH
BB B TEBROAEE ALY 7 N LOBRAIR
M2 —HXEHZ L3O THETHD, L»T, 22T

{EEJ Trans. EIS, Vol. 123, No.7, 2003



BE T RN —RZEV AT L0 EMC

i, TRAF—ERTHCSEESE (0.1[MHz]) &0z,
0.01~2,000[MHzI D CEEETAIFFEL A B0 kD
IHREREBEEDDHA L ITWEICA2 D X9 RWEETT
2780~ = =T, RV FLrBReEELF N Y
MZE->THERe, WFHEF, 2P L0000, 40,
BREIIZBNT, AUV ZF L UHE86%, H{k)F MY UL
0.5[%], 4258k 861%), X 2.7(%)], Rk + HaEES
2.2[%] & L7z,

ANEZ7 7 o FABELHEBETE T DI DML 2D,
BER CHFEEE:, OBEET o7, WEX, 001~
1[MHz] &, 100~2,000[MHzHZ 4513 TITVy, IROHBIEH
9 LAY

T, BEEE =001~ 1IMHz]| OFPICB T, @S
=0.01lm2 DO FATER 2 5 8 (BREARK : 0.1[m] K,
ES Ulmmlofkx#HEH) 2R 1EL, BE&S d =3~10/mm]
D77 N AERICEATE EEDa VT I IR G Y ES
4 A B%LCR A—% (HP4284A, HP #) M\ CHIE
Utz VB0 7RG EYTH A BORIEREEZRKQ)
BEO@FRAL, FHOHEEE LLLFEER , Z2RD -,
0L, BEEETHD,

G-d

T ....... S ( 1 )
B
- & -S-@

¥72, f£=100~2,000[MHzJic BN TiE, Ry hT—2 7
+ 744 (HP8752C, HP #) t#FBEAE 2 —7F»
(HP85070B, HP #f) L VFEEE "LFEER 2K
B, TNFNE),@ORICRALTEER., FER:, &
K72,

£

et eveaiareeree ettt eenrraaeras (2)

s

PEEREZK 4 27, 0.01~1[MHzIiZBWC, RIER
RITCREE~B Ly 5~10 FRERKEWVEIC -7,
100IMHz] A FAZ3W Tk, SCHE & 32 13% LN T—& L
TWe, AMET 72 b LAOBMROFEE, REOAED
WER;RONFE LV LREVETHIN, =TI via
VERMICBE Ui, RN T RO LIRS B e R
(HEEo=0, LFEEF c .=1) ZBWHAOBHSMNE
EDFMIEESICL VT TIITORTEY, VDE (F
A VEIEREGR) ORBEL T THLZ EAEREN
TNB00~08) - TEED AKOEER o CHBFEE .23, &
ELEART 7 > b ADl & ERKDOEOFOTHD Z
b EBEZDE, RIELET 70 b A THBME B X 220
i, EBOAEKOLEAETYH, HEErB2 5 Z Lidien
Th A5 EEZ, SENTZOANKT 7o b 2EH W,

(3:6) FE2EABAILEE FS4/\EE  TET >~
AT AOATICNE, BEFOEMBRE SRS ESEAMAT
OEO@OE -, T, 3H Y #%, EREHN 20(W],

BEHC, 123%#7 5, 2003 &

1221

0.4m

Secondary coil |
1

wg'o

N

- Hixh”p'}’\;ntoms

K3 AEZ7hA
Fig. 3. Human phantom.

1.0E+08 r 100
1.0E407 |
> 1.0E+06 i Measured €s -
R o3
S LOE*05 | N 2
qg) 1.0E+04 | Tmee..__ © Reference €s 2
aQ 4 - 2
2 1.0E+03 § Measured 0"~ ¢ 3
5 F 1 z
g 1.0E+02 ¥ S
106401 §
1.0E+00 L o1
0.001  0.01 0.1 1 10 100 1006 10000
FrequencylMHz]

M4 ANET7 o b AOEEBERLELFER
Fig. 4. Conductivity and relative permittivity
of human phantom.

E WS E 2,000lrpm] ® DC 75 LRXAE—F (¢
80[mm], E & 50lmml]) KX BEER 7 O@OTHY, h
W) a—rF A VBREEINTWA, F5 60~260 [0
E—F DR FEEZDOEZ, VY a—rF A LVOREES
BEEEZDHIET, Eiahk 2 »OnER FAIC8h %
BRTND, FAT 775580 L THESFEY T~10[L10Mm
REXkdZ LNTED,

£7, TIAH RJ A NEIE, SIE B, 6cH o
MOSFET, [&JE[#%8 (LM2675, National semiconductor)
FEnbed, HIEEREE, HIHEHA IC (MC33035, ON
semiconductor) &< =2 (uPD78, NEC #1) &#H\TW»
5, AFEBRICBW T, £ —# B %, AL 1,050(rpm],
AR 1,100[rpm], #Eh%C 70[bpm] (EdxFIELD Y B2 5
D V2 YY), FEEROEE 1: 1ICERELTWD, Z
OERBEMFIZI T S TIAH F7 A @+ TIAH OEEE
Hix, #20wlch B,

(3:7) RIERY BWHIESEIH 5 \Rd, WRE
Wik, OTET 2&8{Es8 52 ) —XAEKELELER
(PAN55-6A, /KB LT¥, #£360lmm], #%210[mml],
& 140[mm]), @7 A7) v ORI L R—ZEEE (i
170lmm], # 120[mm], & & 80 [mml], ¥—=7%2L), @
MNMETZ 7o b A QKIAABESANLEZSH, 2KRaA
S LIS 2 ARRICERDIAA TH D), @TIAH K5



Human phantom

TIAH

Prlmary coil Driver +
oil

Inverter circuit / ReCtifierI
X5 JESSRY

Fig.5. Measuring object.

A 3olgE (HE 185[mm], # 135[mm], 7 & 80[mm], 7
147 —AAD) +TIAH (¢80 [mm], )2 & 50lmm]) %

WWHRE LT, 2720, 1 32=74RBRTIE, OF7y
Va A = Z B (#E 100[mm] X £ 100[mm] X & &
30 [mml], 7A3IF—2xAD) ELT,

2 WA b, BRI, 2 W2 A A -HEHE IR o
EBRIE, ERERBAK, BlEO-OEE 3SimmlEED Y
a2— (KE66, {KHEIEAME 4x104Qeml], FHLFTE
#H) Ta—FTar7L, AMEZ77 2 b LOIZHBIAA
72e AV R—FREK-1 RaA M E, 2 RaA - EH
MM OBERL, WITb, 90l mmloRY v L& B
FREIOARLIEFELTRY vVBREL, TNFHLDOY v/ #
BT 2 — 7 THEbRICbOERE> THIW, R
ELEIR-A 23— Z [ERR, BHOFBMK-TIAH K5 A /3
IERIE, SRR 0.75[mm2 o = LR 2 AR
EFhoboR W,

4 Iyl 3l

7c

(4-1) T w3 imERE TIvig i, %

WENLTRBT 2B ER L, BRELE N L TEl

THEEMBERICHTIENTED, T I T, ISM

4%%%@@%@ 1-5C% % CISPR Pub.11 % FEMiB& I HV,
« FHR AT o 7,

:f—?/l/f\' —BETHOWAEAREEAKETH D 0.1[MHz]
X, BEMEHER ORI, SO TRWEEKTHY, £
7=, BflEnThwa Loy, LaLl, CISPR Pub.11
T, BAREZRIET D Z & T0.009[MHz]) 63T &
B5EIICLTHEY, ZITIRIh%AW, CISPR Pub.11
OSHEDEN REASRE) OME £ 11271,

L L, mEMGERICHLCE, 0.1IMHzIIE E 7285
BTH Y, CISPR @' Tiaiilaieyy, £oTZ 2T,
0.01~0. 15[MHz]i VDE 0871 (7 —72, Class B )
EHEIZHV, 0.15~30[MHz] TiX CISPR (// v—7 1, 2,
Class B ) 2R, [nEMLHERK O CISPR OBREN % &

2, VDE 0871 OIREM &% 3 15T,

<4-2> RE S ERORE - 21 #t 9.0[ml], #&
7.5[ml, & 6.0lm], I —n F¥fE 100[dBISL L, WA + 7
9T F—3 a3 ERERA[dBILAN O E B SRS O K i i

1222

#1 BRI ERSHEE (CISPR Pub.11)
Table 1. The regulation limit of radiated

emission. (CISPR Pub.11).
Limit [dBuA/m]

Frequency [M11z]

0.009 to 007 69

0.07 to 0.1.185 69 to 39
0.1185 {0 1.0 39t0 3
1.0 to 30 3

K2 (EMERSM (CISPR Pub.11)
Table 2. The regulation limit of conducted

emission. (CISPR Pub.11).
Frequency [Mz] Limit [dBpV]
0.009~0.15 Under construction
0.15~0.5 66 to 56
0.5~5 56
5~30 60

£ 3 (REMLYER B (VDE 0871)
Table 3. The regulation limit of conducted
emission. (VDE 0871).

Frequency [M11z] Limit [dBpV]
0.01~0.15 79 to 57.5
0.15~0.5 54

0.5~30 18
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Table 4. Electric characteristics of noise

filter and ferrite beads.

Noise filter
(GT-2050 % 2, TOKIN)

Common mode, Normal mode attenuation
> 50dB (0.4 to 30[MHz])

L 53[mm], W53[mm] ,T29[mm] X 2
Impedance 100[Q] (10 to 500[MHz])

¢ 34[mm] , 30[mm]

Ferrite beads
(ZCAT3035-1330,
TDK)
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#5 AI=2=7 4#ABIEHAH
Table 5.

Radiated, radio frequency, electromagnetic field immunity
test JEC61000-4-3)

Immunity to conducted disturbances, induced by
radio-frequency fields (IEC61000-4-6)

Electrostatic discharge immunity test (IEC61000-4-2)
Electrical fast transient / burst immunity test
(IEC61000-4-4)

Power frequency magnetic field immunity test
(IEC610004-7)

Voltage dips, short interruptions and voltage variations
immunity tests JEC61000-4-11)

Surge immunity test (IEC61000-4-5)

Immunity tests.

(a)
()

@©
(@

(e)

(2

‘TIAH Driver/+ TJAH

%s loscope

Spectrum
analyzer

/ Biconical log antenm

A ERA A R 2 =7 A RBROBER

Test system of immunity against

X 12
Fig. 12.
radiated emission.

FFELLTEZDIELTED, TOR®D, HAENLOE
MR EZIT T, FENICKE REL - BRARET D THE
MR 5, TET AT L2 TIAH TiX, 35 ER CEET
% CMOS F-#EEH £ < AVTWA 2%, EEER Ot % FF
MLTHLLZEHEETHD, 22T, IEC (HEEX
EHE) OEHT- IEC61000-4 ¥V —XIZHET -3 ER
HEWeD~6UT, £ HITRT THBIZOWTA I2a=7 &
B - M xR T RERMisx  KET 2 ) 779, THER
i),

(5:2) MHEBHRAZI1=_T4HBE xR &
Tl HERHE RS 0 & B X BUIT IS S D U PE O BERES T 8 L
T, TET VAT ADEEMET HZ LR RWVHERR LT, Z
Z T, IEC61000-4-3 IZHEHL L 72 JIE > A T A 2BV Cla)
IR ERERA 2 2 =T 1R EIT 272, # 7lm], # 5[ml,
& 3.5[mloERSMERETE X 0.8[m]OARRONLZ R E
L, #0kiZ, (3:7) TRLEMENEHO~@%EETNT
NO04AmBEEL TRIE L, 72720, OA v = EKIE, 7
o2 FABOLOERNTWS, SmliEn: & 2 AICE
BLEALf =L - RVFF 4w om s T 7 F
(CBL6141A, Chases #1) 736 1[kHz] 0 1F5% CTHRIEZH
L7= 80~1,000[MHz] D#EmMK# GFRER L~/ 3=10[V/m])
RS LTz, 2 RaA WCiiiniAte®EdE, TIAH K Z A /3[E
BASEIE - BIREAI VT LT FIF7AFTHIEL,
TIAH O F#B{E% i 5 KR AT o 7o, RBRELE X 2 X

IEEJ Trans. EIS, Vol. 123, No.7, 2003



BT AN —RIEV AT LD EMC

800MHz

Current [dBuA]
@
S

0.1 1 10 100 1000

Frequency [MHz]
13 KRNI VN D BRA XY PAVEE
Fig. 13. The spectrums of current flowing
through the secondary coil.
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Fig. 14. Test system of immunity against conducted
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Fig. 15. Waveform of input voltage to the TIAH

driver without exposure.
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