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Fig. 2 Experimental setup for measuring vibration

generated in medical model.

Table 1 Details of coils and magnets
coil turns [turns]
Transmitting coil resistance [Q] 55
diameter [mm] 31
Receiving coil length [mm] 3
inner diameter [mm] 30
shape circular cylinder
diameter [mm] 8
magnets length [mm] 3
magnetic flux density [mT] 325
total magnetic flux [nWb] 16336
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Fig. 3 Measurement point of vibration generated on

medical model of temporal bone.

Table 2 Details of coils.

coil turns [turns] 25

resistance [Q ] 1.5

Transmitting coil [diameter [mm] 26
inner diameter [mm] 25

length [mm] 2

coil turns [turns] 40

resistance [Q ] 2.1

Receiving coil |diameter [mm] 26
inner diameter [mm] 25

length [mm] 2

measuremen
point
L -

N

Fig. 4 Measurement point of vibration generated on

human temporal bone.
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Fig. 5 Frequency response of vibration generated on
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Fig. 3 Transducer

Table 1 Details of coils
coil turns [turns] 100
resistance [ Q] 3.1
Transmitting | diameter [mm] 52
coil i diameter
inner di 19
[mm]
length [mm] 1.6
coil turns [turns] 66
resistance [ Q] 27
. | diameter [mm] 6
Receiving coil
inner diameter
4.7
[mm]
length [mm] 1.6




Fig. 5 Position of electrodes

transducer

coil

Fig. 4 Measurement system

ABR (RN TREPCER LICEEFL-BEMNLE
EEINAFREICHIGL 01~05 -V IBEDED
OTHBLEBEMNETTHD. TOREDEIRITI

FHEHNONBHBRERICHIENSHMONTHY,

BENRELTHERL BRENKL BHRIES
T, BRCEYICHEERTLEVVEEZLDF AN
S, thEMBARELLTHERATHY, LFER-
FROEYMORBRAREICFAIATNS.
FHRIS RT L% Figd I25RT. 2 EOE/LEYMC
RBFELUREIMNLZIEDHRAATL. AE 300g

DEILEYRE#, KE 430g DEILEVIEH#2 LT S,

FORBFIREFTEAVT2EEILEYRD ABR
EHRIZATL, BEZROT=ETA, 12 kHz TORIE
[Z#1 AY 30dB, #2 H' 35dB TH 7=

EILEYNZITEZII(05 mkg)eTP 5204
ml/kg) DR EMEEZ RS LIRS B2, Figh TR
FTROICHEBZEIER, BEfHE, ERICEBEE
EL, REFZRESEFETEZRHETLLTAHL
=358 D ABR DETEIZE{To1=.

PC L TRIKRE 12 kHz, H#HiERM 1 ms, /\—Xb

13

PS5 20 ms DN—RMEZERL, 7o 7 (IXT
JEBHEE IOy Y, HSAdN1 ), B ik &t
(YOKOGAWA, WT210) Z4rL, :ZfEaMILICA AL
t=. EFRIEIL 60, 40, 20, 15, 10, 0 mA, . [ZEREL, %
NEFNEHEZETo-. EILEYRD ABR [ZEELT-
BB TIHHASNZRERSE (BALE, MEB-9102) [
FOTREEZFANEDIDS 10 ms ETORMBEERIL,
1000 EIMEFHZETL, BBFESND. PC LIREH
BEMAESICE>TRMBIN TS, AKES,

FAEBSDERIZIZTOSS LY T LabVIEW £ B
Wz RIBEOREEHIFARIIRI)=vID
EEREFIEYEZSEICL.

C. IRBER-ER

RENFI-LSHABRDEHAIFERZ Fig6 (a), (b)ITR
T EEETBRFTANELNASORRE, HEEES
TEHAIIIh-BEEEZRLTVS. ERH,D, 1 DB
DE—5% 4 ms HI=YD/vFDHAFIZEBTSE
RAEIX 10 mA H=VICHDEHETES. RIZ, B
[EAY 10 mA 201158, SREELDHBRLBLLE
HEdE REHERT 10 mA ANBICIRESHE
T30735 dB EEDHEANHDHLITHS. COERE
JTIZ 100 mA ANBFDOHADKESEZHEITSL
50755 dB THA. LHL, CNETOREEERTIE,
100 mA OEREAALEE, TOHHOXRESZ
BEBRICESTIEHENT-BRNSTEREELLT
HBRTEDEEDKESTHo>fz. COILEEET
A&, SEHAIESNT 50755 dB ELVSEHEIL/INELY
ETHD. SEIDEETIE/AZXLAILA 6 mA TH
Y, 10 mA KFUEBENERETEHRIZIToTLVEL. &
S>TEEEORIEA 10 mA KYELFTREMEAHY,
4, BRIEN 0~10 mA OREITES(THACEHE
ZIT0N, ¥ T AR ENHLHLEERS.

D. #&if
EILEVMIBEETEE5ZA-FHD ABRDEHAIZTT



of-. TOHRE, XERBTEEFTESA-HIC,
ABR DEMHRERTE, ERICE WV THEEN TTEE
THHIEN RSN BEFAAERIET 10 mA
&Y, fRIZ 100 mA AHLT=5& (% 50755dB D
HHHBEHBISNT=AY, 10 mA LI TOEETEY
HNERZTOLENHD.

T T T T T T T T T T T

(a) W
20 mA 1

L 15mAW

i mmAW

time [ms]

(b) Y N
: F 20 mA
,15mAM
-10’““/W |
L UmAW
Il L I} 1 1 L ! L L L 1

0 ] 10
time [ms]

0.5

voltage [uV]

0.5

voltage [uV]

Fig. 6 Measurement results of ABR in guinea pigs

(a) Guinea pig #1 (b) Guinea pig #2
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Development of an implanted bone-conduction hearing aid using giant magnetostrictive material

Takuji Koike *, Naohito Hato '%, Sho Kanzaki ***
* Department of Mechanical Engineering and Intelligent Systems, UEC Tokyo (The University of Electro-
Communications)
** Department of Otolaryngology, School of Medicine, Ehime University
*** Department of Otolaryngology, School of Medicine, Keio University

To circumvent some of the disadvantages of conventional hearing aids such as sound distortion, feedback,
and cosmetic factors, implantable hearing devices have been developed. However, these hearing devices also
have problems such as insufficient output at high frequencies and inflammation.

In this study, a new subcutaneously implanted bone-conduction hearing aid with an external unit and an
internal unit is proposed. The external unit consists of a microphone, a speech processor, and a transmitting
coil, which send the sound signals and energy to the internal unit by generating a magnetic field. The inter-
nal unit consists of a receiving coil, a driving coil, and a vibrator made of giant magnetostrictive material
(GMM), which deforms its body by changing the magnetic field. The internal unit is surgically embedded in
the temporal bone under the skin and vibrates the skull when the magnetic flux is applied by the external
unit. For the first stage in the development of the new bone-conduction hearing aid, a prototype was made
and its fundamental properties were examined.

The GMM vibrator has a good linear response and high output especially at high frequencies. In con-
trast, the output at low frequencies is relatively lower than that at high frequencies. To enhance the output
of the implanted bone-conduction hearing aid at low frequencies is an issue in the future.

Key words : bone-conduction hearing aid, giant magnetostrictive material (GMM), vibration, measurement
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