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Proposition of a Vibration Based Acceleration Sensor for
the Fully Implantable Hearing Aid
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The hybrid acoustic sensor for implantable hearing aid has the structure in which a sound pressure based
acoustic sensor (ECM) and a vibration based acceleration sensor are combined. This sensor combines the low
frequency sensitivity of an acoustic sensor with the high frequency sensitivity of an acceleration sensor, allowing
the acquisition of a wide range of sound from low to high frequency. In this paper, an acceleration sensor for
use in a hybrid acoustic sensor has been proposed. The acceleration sensor captures the vibration of the tympanic
membrane generated by the acoustic signal. The size of the proposed acceleration sensor was determined to
diameter of 3.2 mm considering the anatomical structure of the tympanic membrane and the standard of ECM. In
order to make the hybrid acoustic sensor have high sensitivity and wide bandwidth characteristics, the aim of the
resonance frequency of the acceleration sensor is to be generated at about 3.5 kHz. The membrane of the
acceleration sensor derives geometric structure through mathematical model and finite element analysis. Based on
the analysis results, the membrane was implemented through a chemical etching process. In order to verify the
frequency characteristics of the implemented membrane, vibration measurement experiment using external force
was performed. The experiment results showed mechanical resonance of the membrane occurred at 3.4 kHz.

Therefore, it is considered that the proposed acceleration sensor can be utilized for a hybrid acoustic sensor.

Keyword : Fully-implantable hearing aid, Acceleration sensor, Finite element method

4 4 9 2017.03.28 #* Ao AEdEgn feddTa gAAdRS
AR @ 2017.04.18 swap9552@naver.com (57 A})
AAEAA 1 2017.04.19 wobw - AEea el dxpeet

N
it
>
>
i
2,



9] o] 5= 9|

A

L

glth. Implex AFe] TICA

(2017.05)

=

| ==X ®M113H M2

1. A&

e S SR~~~ il NRETZoTHFIMTU R TAINT o OB o o T o T R o A m
TR OB X INEET 0w M R ST EREX . W AR T B e E
BT e BT g Ty e s TR s BT P D Mg TR e p 2
— To = X o BR B il o' e} ﬂ_EH N
ﬂé%#ﬂo%ﬁﬂoxiﬂ%i%mﬂ E%%mﬂ%ﬂ%aﬁ oo X o R TN B W
TR prm Pow Ny B P T ko F R IZ TR R M
T o N odp He 223 Y ggyx oy o- o B e ajp wp 2 Sl e T T
o K oo s N s = MR T B o R0 m oy o ~ N SIS dp wr oo
I - A = S o R s SRR R oy o 8 H W
sill‘lll‘l]]‘_lk .HL d| ,M 1_,A|‘|Jloe1_, lUOAT ~ yE_:. 11E‘¢
N XK Tm N Ko A o+ o+ W g0 g e Y TR 2 - <
I I [ I - NP N R Sl oy
R Ty AN s PN gy g, v ehd EnD ER®EAT UW
Ao o = — i —_ —_— —_ Ox 5 O]
o RO o BU o 0o o X o X oy Ho ~ ay N- ~ nr < B B
o o E%Hfﬂu%o%oﬁﬂﬂ#Jao?wr;uﬂn%ﬂwumw 2%oﬂweﬂr?al7ﬂgo
I R TR e e N asd e T2 s o O
Gk B R B P B ROl R S R U I A = S N S - B/ - )
PFa b B onw Tz wocrzliord b Rp,SMaTE o w,
omﬂMoC@ﬂmﬂMMﬂorE%7mo1__/|dﬁﬂotm*oﬂAXuCn_AICAToE LtuAlmlmquﬁu_éﬁ&a%ﬂ
< Mo . 28 — X ~ - -
T ﬂ&%ﬂwu%%ﬂé%ur«@&ﬂao%ﬂr RR e HmLﬂiﬂEﬂMmmo@r
MFgozh® g sroXbhagg® FEOBT g Ehx TPHRATpH® o o
ﬂﬁoorh_ﬂﬂ&mﬁﬁKﬂ@%@r g%%?&whm%aﬂ% %%%_@Wﬁ%ﬂﬂ. ar Nr
o § & T oo B g o N =T wm o A ok T = 3 =
cx iz laSETH T T Rl ow S B rE T Ee T wET g
RSN E RS AR S LA DS IR S EAN 3 FE La NS 1 IS
of < B O o X RN N oF Mo ® 4 N %R B oW O g N SN RO T N F T N =™ oo oo
TE Mg BT Mo ool §ERT YRR T T gR T N o A
oo o EH oo B M T e ®E § 2w oo ok
o B R v ok L it ,..%o,_& &ooﬁa nooﬁglomﬂdlﬂﬂn 2 T Mo =T ATZ
= & 08 L9 W 2RrE R o E AT oW
— Hb\)y o o HLJI‘I‘HA_I ‘Lim:.L;OU Oq O#‘Ll o @) o O — ‘Ha
= B o5 S.clm_zi & o TR B do — o5 b Mio#am iy = X o
=% ° w3 Iar e BN g nl 0 ° R o on Gy = g
TN E 2 TR E TG E T < g o Baw o] =2 T3 EENg
= A —~ WONE o X o TR 2= X X =2 e AT o -
R g 8 PooEe 5 B %%quoﬁéhzeaﬂoﬁucTﬂaa%flm@WmﬁohubE%ﬂo? o
— o S B . g 3 = M%M%%].U&]ﬁe,ﬂaﬂJlk(Mper%ﬂa:lE ¥
o H o § " > = mﬂa 7ﬂ,a_.eBw.oo‘__14%n X * B = = = o
@i wmESHwBE FY - vregzmodsl Puwx A8y ul e |=E
e S s o o ~ mﬂuo.mwg (ﬁamlio;oL_tA o#,olﬂom%c LN D X
M =2 5 2 3T o g w o = oV oF = o W= £ = T = o Mo
ol o2 2 2= 28M gy N S E om o MO ) W LT H §gx X o o
]Onomm,lﬁ 1ro1_lkau.v — wmA..\lﬂode_ﬂ fﬂ_ﬂuﬂl ‘Iatﬂo#immo&rml Ho
PETSE=SEC D e me 2T _ddypgepre BRI " | Ze
FEr_fauin NEsYA ERATRIDICERTLASS TZa o2
X O = .2 s = % o = o ~ ;
sEESEETST zriteeleu R, %S0T enlal |12
— iz 2 = =1 - c = T oy B0 = o
— %O Q Z_L_.xodl 1 _lei_l‘.1 hal il = X e =
W%%@ﬂohwg%ow,iﬂwmumm:iﬂ.%(7_uwmomewﬂLﬂ._oTYw nC. 5=
s R I T RLEON ST R T oo ERPEXREF g § oy | SR
o ® BT e T B ol s R oo o dF %%ﬂr@,yﬂiﬂmﬂprneﬂm@, S -
O?Vﬂo ‘A(m\ri \m./VOMwAr ey lreg_loHL %o = g%XEe N Mﬂl_l = oo
5 4 o) T o - B &+ = oy TN g s = .8 = o F E Y5 BT Rl e~
o rRTERl ®ET IR TMTHA T T W LT E EF 2T Ew o % o o
TAUFITFAFRZH gt FrRrISTENTTLE ERXREYGbTP

o EAA

o3}
H

Bt

i=}
-
o

1

kel
o}
e}

ar

245

!

A

5_1'_
174 )
ek FAATAA

A

I
SRREED]

1
A (NRF-2016R1A6A3A11931621) 9]

miLY

)7

[

A

s

D AEWE
jhcho@ee.knu.ac.kr (3L

h=R
i

o= 9

A= HE
(2016R1A2A1A05005413 & 2015R1A2A2A03006113) 2

S

A

i

A

seongkw@ee knu.ac.kr (354 #})



2t o]

A o]AY BHY|E 1" 17 o %Fr 9]

gt e Fold Wl AAHe SFAA, S A

5 (signal processor) 1|1l AFolu} A 7] A "

P2 EEste EWNLFTA (transducer)i -_rL*éE]
o]
o]

Transducer

a9 L9 ol HqE BATY] ME=
Fig. 1. The conceptual diagram of fully-implantable
hearing aid.

ol
-

o%
>

e g
E
O

24y

Fl
2

010111 u]—x]mﬂoﬂ

ot o]A= (ossicular
Cole AAl e F

o} 52 (stapes)ell

o] WAlE

-
A s ok},

ol &=

x> Moo > &
fo 2ol
£E
m{o\.}_&nﬁ
it
-
oX
i,
2

ofr

o] 4

g1}

}\/\

ja

+

N

o
=

o h 4
o> > oo
oo met

°”’% 9ol F e F3FAATE

= ImplexAte] TICA E 9ol 19 2(b)
ECME AA A3 EH= 7143t 9o
obgl % 1 ~ 2 mm zle]ol o] FrH12].
};qg} ol o WAHE= ¥ TH

gottes el Ao, AskE o)A FTk
Alxel Aol 5 mm o|HE Aty
71de 4 glek wh

T

ol

jar)

2
KeX
=]

o]

rSL' ol ol

=
02

HEHIIE QI8 s 7lgte] JhEE MA FMeE 135
Ao g a7 2(0)¢ 2ol 75 Hate] SEFAA
7} o]l xE ®A7]E CochlearAhe] Carina”l ATtH
[13]. o] WA FFAAE Fold Wl EHFAA
EdARARZEE de "olx o] EAFA
o WAE= SFATl AL fle Bol Aol
th a8y SR gt ol AstE AS R A
g A g8 SFAA HETe] E4E F A,
Azl mE Foly A FFS T 9
S A "ot Yol SFH Hste] oAHE &
FAAME dF FH A FHE T E 7HA
A AZIEL QAT aFqAE T A
AL e ogt 153 g9 A Astd ol

(b)

(©)

2 2. 9 ol A8 BHYIE SN, (a) Esteem[10],
(b) TICA[12], (c) Carina[13]

Fig. 2. Acoustic sensors of fully-implantable hearing
aids; (a) Carina (b) TICA and (c) Esteem.



(2017.05)

k=l

3 ==X H113AH A2

a5k
o =

136 M E=X]|

AQAT Aot nF 5 ool

2 —80dB ©]
due AFael nFs A FEs

KX
=

3

T E
a =

oo

7]
& A e

el

ps

@ ol 4E w

17 919 Ko

S

A

FE v SEE{101.

S

=4
[<)

L
==

PSR
A==

ERE

=

FaacH14l, 29 33

ot

Al

—_
i)

NI
23]

o

AA e A

g

29 4c)ek #Zeol =

AA =

&

ojp

Ba=

wr
=

E

ofy

0

wjr

—~
He

]

5

oy A
=

bt ol A

S

o 0.8 kHz ©|

o=

3|

3|

59

& (plate) A=

3

i

uhs obdl EE

ol¢t &+

ulk
-

=
o

1

J

s

A=roll

) el

(backplate)

ZHolE

i
=Ll

L
L

3}

2

o] AR 9Ho o

70

_=
o

xr

&

Ao

Hel
il

~NE
o7

=

B3

v
4

B K=
N
,Ol N
-~
~ <
A
_L OM
g
A
o
1%0 m
W o
7 2
~ X
1o R
T g
Ho&
(e}
My —
N
"R
"
o B

Interface IC

Diaphragm made of

Malleus

heavily doped silicon

o U T o W
)
‘_Irylﬂﬂ\ﬂAll‘.,m‘L‘mWL
w oW
ﬂuﬂ?
= o i%
B T 2R
g.ﬁnwad
%?W o
o N~ O
Mo ™
. e
W%?ﬂaoﬁ
mﬂoﬁaﬂl
SRR
QETb_%
A < Ar
= TN

=
-

o

Sensor substrate

Tympanic

Tympanic

membrane

FoA et

S

A7 32 mm=z 2AA

Ao} Apel =i

A

A

A=
SE

Bonding glue

membrane

o] At

p==
o

¥ 3. Ko

Titanium housing

Fig. 3. The acoustic sensor for fully-implantable hearing

ECM

Acoustic part

aid proposed by Ko et al..

PCB (amplifier)

Membrane

3. A% 719 7}

Electrode plate

Vibration part

Backplate

Bottom plate PCB

R

1ol Fx= a3 4(a)9}

E

K
]

X

olngc &3

14 (ECM)et X% 71%ke] 7}

TZolth

Al

2at el &
% AR A

B:]y

o] At

ol Ko %

me
i

Bl

i

17 4b)sk 2k 2ol

SR EE

0145

slom

ojp

ul
-

L
T

3 A=

Middle ear cavity

3dBet 9ol & & ol

w2

a3l

10dB 717+ <]

;](j]—

p==
o

7%= &0

A

on 318t 54

= gl

A

toh ey o]

S

=13
=

KN
=

W

(b)

jrvze]

%

o4 —40dB

ol
=

1~3 kHz ©f

L
L



Hybrid sensor
o
& Acoustic sensor
z \
Frequency [Hz]
(c)
a9 4 Foluels SFAN; @) TH L&, 0) ©f

ALA[5]9F (o) T3 574

Hybrid sensor; (a) Component, (b) implant

location and (c¢) frequency characteristics.

3.2 A g

o

[
o P b oro s

FA% FHA (oll-off) &
A BeHI6l whebd sheluels &
5 Boe 54 7] AdAE Q%

AAE 35 kHz @A BAFA5E

o Kooy

)
&R

7}A ofnt &

Beam length, /

Beam angle, 8

Beam width, 7"

¥ 5 Aoke AEE 2

Fig. 5. The proposed membrane structure.

& PAsE W A%,
g Exo] AAREY}. gz ATt FHAALE
Hq4s Ao A% Jhiel sbEE A A
eTEE A% FuE 54 A F S Qv
FAEuto]l Fu4 EAL FAAAST o8 AAEH,
2 (Dl g8 =& 4 UrH17]
b= n(3EL) - nEWT M
l 4]
oA7IA, ke AEHel e ZAAS, 1 NEe

BHHI|E Q3 s Jlgte] JiEE MM HMeF 137
Wl Mg, B Wl uigh s, = W vl
#Hd RUE e HY yw], 7= U 74 1
3 [ ®le ZolE ekt

3ET

w, = (2)

w3, A o3 MEFEe] FH Fige 4
(2)e} o] HAFHel At Ao o) Axt

fu lo
&

of
)

A (finite element analysis, FEA)
ojt}, 2 (2)& o]&3le] FEule
LA FE

ool 4N mo o
4 & o
I
ox,
2,

8
@)
=
w
@)
.-
=
=
=
ko]
=
<
1%
o
»
ol
<]
o
o,
oo
ol
Q2

1%‘ 6(a)—E %t‘&gﬁ EIRSE=2

25 o)

EE stz 93 =2
896271 2]

A7

oL F a2
(boundary  elements)®} 104070 ¢ (edge
elements) 2.2 FAF It 1glar 19 6(b)E
sta sy A gtss Wi Jde T
ool HEH  olyA  (maximum distortion
energy)2 HoFE ¥ wAl~ $2 (von Mises
stress)S UERH Aojth AFe 2] Alo]= =
A7 WAE 3 mme 2 mmolaL zHzhe] Wo] 90°

Eul 7} 2

O
2
_O|L
i)
&~
=
il
2
L oX,
ful
2
v
I
r ol
&
1o
iy
o

2
0,
o
Py
o
dlo
o
o,
N
=
> o o
do o
o%
&
S

fol
2
9

T

= 4749
bottom plate
30°°l A

i o}ﬂ
N,
rE
o,
N
—_
pr
b1
ri‘
R
>
R
N
=
1o

d F{D
=2
=
off
=
=
X

o )

oo e

f
I

0

(o

o fo
f
)
ol
9
)

B )
Fo
FO{I

BN

= P

)
T

N
-~
oN

fr oo B fo o op o B
o2
ot
o

analysis)<
A=<l

(structural
FARReige) gy~ 29 (stainless
steels—grade 304)¢] S Agstg e, Hd
R ECM (74 3 mm)e] F

= 9]
A 35 mgs AEatPrt 1Ela W o 3t

o [y W

70 ak.‘% S 0}

@

4 Azt 349 §ol4e Helste] 02 mmE LA
S, A% ABL By el AE 2
75 ®$+= 600 nmolh



138 M=EXzE3E ==X HM11A M25 (2017.05)

(a) (b)
a9 6. (a) Tx Al AHgE FFas 3
I (b)frtes A A7
Fig. 6. (a) FEA model used in structural analysis and
(b) FEA results.
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