(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny

Organization é
International Bureau ’/
=

(43) International Publication Date
27 June 2013 (27.06.2013)

WIPO |PCT

(10) International Publication Number

WO 2013/094906 Al

(51)

21

(22)

(25
(26)
(30)

(71)

(72)

(74)

International Patent Classification:
HO4R 25/00 (2006.01) A61F 11/00 (2006.01)

International Application Number:
PCT/KR20 12/010666

International Filing Date:
7 December 2012 (07.12.2012)
Filing Language: English
Publication Language: English
Priority Data:
10-201 1-01395 18
21 December 201 1(21.12.201 1) KR

Applicant: KOREA INSTITUTE OF MACHINERY &
MATERIALS [KR/KR]; 156, Gajeongbuk-Ro, Y useong-
Gu, Dagjeon 305-343 (KR).

Inventors:. HUR, Shin; 156, Gaeongbuk-Ro, Yuseong-
Gu, Dagjeon 305-343 (KR). JUNG, Young Do; 156, Ga-
jeongbuk-Ro, Yuseong-Gu, Daegjeon 305-343 (KR). LEE,
Young Hwa; 156, Gajeongbuk-Ro, Yuseong-Gu, Dagjeon
305-343 (KR). KIM, Wan-Doo; 156, Gajeongbuk-Ro,
Yuseong-Gu, Dagjeon 305-343 (KR).

Agent: PANKOREA PATENT AND LAW FIRM; 13th
Floor, 823-16 Yeoksam-dong, Gangnam-gu, Seoul 135-
080 (KR).

(81)

(84)

Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, sV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind d regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, Sz, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, rr, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SV,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

w ©2213/@496 A1 |11 0FV0 0000 A A

(54) Title: METHOD FOR FABRICATING FREQUENCY ASSEMBLY-TYPE

IMPLANT

SEPARATING APPARATUS FOR COCHLEAR

(57) Abstract: A method for fabricating a frequency assembly-type separating apparatus for a cochlear implant includes: an upper
layer fabrication step of including a step of fabricating an upper layer by coating an upper layer electrode unit on a substrate; alower
layer fabrication step of fabricating alower layer by including a step of patterning alower layer electrode unit on abasilar membrane

formed on a base and a step of growing a nano-wire having piezoelectric characteristics on the lower layer electrode unit; and a
coupling step of coupling the upper layer and the lower layer such that the upper layer electrode unit and the lower layer electrode
unit are electrically connected.
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Description

Title of Invention: METHOD FOR FABRICATING FREQUENCY
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ASSEMBLY-TYPE SEPARATING APPARATUS FOR

COCHLEAR IMPLANT

Technical Field

The present invention relates to amethod for fabricating afrequency assembly-type
separating apparatus for a cochlear implant and, more particularly, to amethod for fab-
ricating afrequency assembly-type separating apparatus for a cochlear implant capable
of sensing a sound of abroad spectrum frequency band.

Background Art

Various medical equipment helping those born deaf or deafened people have been
developed. In particular, acochlear implant system that helps to stimulate the auditory
nerve of people whose auditory nerve islive with electricity to sense asound is
recognized as the most effective device among nerve assist devices developed so far,
and cochlear implantations tend to increase yearly.

The related art cochlear implant system includes an internal device inserted in a
human body to simulate the auditory nerve and an external device receiving a sound at
the outside of the human body. However, since separate equipment isrequired to be
constantly attached to the outside of ahuman body, it takes along time for auser to be
accustomed thereto as part of his body and athird party may recognize it.

Also, the related art cochlear implant system islimited to a sound of afrequency
band that may be sensed due to alimited reception space of ahuman body, so even the
use of the cochlear implant system has difficulty inrecognizing an acoustic wave
having abroad frequency band, merely helping daily lives by discriminating voices,
and cannot sense a sound of abroad range of spectrum frequency band like music.

The above information disclosed in this Background section isonly for enhancement
of understanding of the background of the invention and therefore it may contain in-
formation that does not form the prior art that is aready known in this country to a
person of ordinary skill in the art.

Disclosure of Invention

Technical Problem

The present invention has been made in an effort to provide amethod for fabricating
afrequency assembly-type separating apparatus for acochlear implant in which an
upper layer and alower layer on which nano-wire is grown are separately fabricated
and compactly coupled to allow for recognizing an acoustic wave of awideband
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frequency.
Solution to Problem

An exemplary embodiment of the present invention provides amethod for fab-
ricating afrequency assembly-type separating apparatus for a cochlear implant
including: an upper layer fabrication step of fabricating an upper layer by coating an
upper layer electrode unit on a substrate; alower layer fabrication step of fabricating a
lower layer by including astep of patterning alower layer electrode unit on abasilar
membrane formed on abase and growing anano-wire having piezoelectric charac-
teristics on the lower layer electrode unit; and a coupling step of coupling the upper
layer and the lower layer such that the upper layer electrode unit and the lower layer
electrode unit are electrically connected.

The coupling step comprises: forming a connection electrode unit electrically
connected to the upper layer electrode unit; and coupling the upper layer and the lower
layer such that the upper layer electrode unit and the lower layer electrode face each
other.

The coupling step may further include: forming avia hole to penetrate the substrate;
coating an inner surface of the via hole with an electrical conductive material; and
forming aconnection electrode unit electrically connecting the via hole and the upper
layer electrode unit on the substrate.

The forming of the connection electrode unit may include: forming afirst connection
electrode unit extending from the upper layer electrode unit on the substrate; forming a
second connection electrode unit on the base; and forming athird connection electrode
unit having one end portion in contact with the first connection electrode unit and the
other end portion in contact with the second connection electrode unit.

In patterning the lower electrode unit, acentral electrode having awidth gradually
increased in alength direction of the basilar membrane and an auxiliary electrode
extending from the central electrode, which are spaced apart from one another, may be
patterned.

The lower layer fabrication step may further include: removing aportion of the layer
provided on alower surface of the basilar membrane to expose the lower surface of the
basilar membrane.

The growing of the nano-wire may include: laminating an upper surface of the basilar
membrane with aphotosensitizer; removing aportion of the photosensitizer to expose
the central electrode to thereby make the central electrode become a seed layer; and
growing anano-wire by using the central electrode exposed to the outside as a seed
layer.

The growing of the nano-wire may include laminating an additional seed layer on on
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the central electrode; and growing anano-wire from the seed layer.
The nano-wire may formed by growing azinc oxide (ZnO) through alow tem-

perature growth method. The method may further include coating upper portions of the
nano-wire and the basilar membrane with aprotective layer in order to prevent damage
to the nano-wire after growing the nano-wire.

The method may further include: exposing the nano-wire by removing the protective
layer coated on an upper portion of the nano-wire, after exposing alower surface of the
basilar membrane.

The upper layer fabrication step may include: forming aplurality of first pattern
portions formed as the section of the substrate is depressed in atriangular shape, and
spaced apart from each other; forming second pattern portions between the
neighboring first pattern portions; and coating upper layer electrode units on the first
pattern portions and the second pattern portions.

The forming of the second portions may include: coating abuffer layer on the
substrate between the neighboring first pattern portions; depositing a silicon dioxide
(Si0,) layer on an upper portion of the substrate; selectively removing the buffer layer
and the silicon oxide layer from the region in which the buffer layer and the silicon
dioxide (Si0,) layer are smultaneously formed; etching a substrate region between
neighboring silicon dioxide (S0 ,) layers to pattern the second pattern portions.
Advantageous Effects of Invention

According to an embodiment of the present invention, the method for fabricating a
frequency assembly-type separating apparatus for acochlear implant capable of
precisely separating afrequency through vibration of the basilar membrane by
separately fabricating the lower layer and the upper layer on which nano-wires are
grown and coupling them is provided.

Also, since the separate connection electrode unit connected to the upper layer
electrode unit is patterned, although the upper layer isblocked against the outside asit
iscoupled to the lower layer, it can easily transfer an electrical signal to the outside
through the connection electrode unit.

Also, since the connection electrode unit is configured to be connected to the via hole
completely penetrating the upper layer and an electrical signal istransferred to the
outside through the via hole, the connection electrode unit is not exposed to the
outside, obtaiing the overall compact configuration.

Brief Description of Drawings

FIG. lisaview illustrating laminating first and second silicon layers in alower layer
fabrication step of amethod for fabricating afrequency assembly-type separating
apparatus for a cochlear implant according to afirst embodiment of the present
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invention;

FIG. 2 isaview illustrating patterning of abasilar membrane in the lower layer fab-
rication step of amethod for fabricating afrequency assembly-type separating
apparatus for acochlear implant in FIG. 1;

FIG. 3isaview illustrating pattering of alower layer electrode unit in the lower
layer fabrication step of the method for fabricating afrequency assembly-type
separating apparatus for acochlear implant in FIG. 1.

FIG. 4isaview illustrating removing aportion of afirst silicon layer in the lowr
layer fabrication step of the method for fabricating afrequency assembly-type
separating apparatus for acochlear implant in FIG. 1;

FIG. 5isaview illustrating forming aseed layer in the lower layer fabrication step of
the method for fabricating afrequency assembly-type separating apparatus for a
cochlear implant in FIG. 1,

FIG. 6isaview illustrating growing nano-wires in the lower layer fabrication step of
the method for fabricating afrequency assembly-type separating apparatus for a
cochlear implant in FIG. 1,

FIG. 7 isaview illustrating coating aprotective layer in the lower layer fabrication
step of the method for fabricating afrequency assembly-type separating apparatus for a
cochlear implant in FIG. 1,

FIG. 8isaview illustrating removing portions of a second silicon layer and abase in
the lower layer fabrication step of the method for fabricating afrequency assembly-
type separating apparatus for acochlear implant in FIG. 1;

FIG. 9isaview illustrating removing aportion of the first silicon layer to expose a
lower surface of abasilar membrane to the outside in the lower layer fabrication step
of the method for fabricating afrequency assembly-type separating apparatus for a
cochlear implant in FIG. 1,

FIG. 10 isaview illustrating alower layer fabricated by the method for fabricating a
frequency assembly-type separating apparatus for acochlear implant in FIG. 1;

FIG. 11lisaview schematically illustrating aprocess of a modification of the lower
layer fabrication step of the method for fabricating afrequency assembly-type
separating apparatus for acochlear implant in FIG. 1;

FIG. 12 isaview schematically illustrating forming first pattern portions in an upper
layer fabrication step of the method for fabricating afrequency assembly-type
separating apparatus for acochlear implant in FIG. 1;

FIG. 13 isaview schematically illustrating forming of second pattern portions in the
upper layer fabrication step of the method for fabricating afrequency assembly-type
separating apparatus for acochlear implant in FIG. 1;

FIG. 14 isaview illustrating an upper layer fabricated by the method for fabricating
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afrequency assembly-type separating apparatus for acochlear implant in FIG. 1;
FIG. 15 isaview schematically illustrating afrequency separating apparatus for a

cochlear implant fabricated by the method for fabricating afrequency assembly-type
separating apparatus for acochlear implant in FIG. 1;

FIG. 16 isaview schematically illustrating afrequency assembly-type separating
apparatus for acochlear implant fabricated by amethod for fabricating afrequency
assembly-type separating apparatus for a cochlear implant according to a second em-
bodiment of the present invention;

FIG. 17 isaview illustrating an operation of the frequency assembly-type separating
apparatus for acochlear implant fabricated by amethod for fabricating afrequency
assembly-type separating apparatus for a cochlear implant according to an embodiment
of the present invention.

Mode for the Invention

In several embodiments, the elements having the same configuration will be
described representatively in afirst embodiment by using the same reference numerals,
and configurations different from that of the first embodiment will be described in the
other embodiments.

Hereinafter, amethod for fabricating afrequency assembly-type separating apparatus
for acochlear implant according to an embodiment of the present invention will be
described in detail with reference to the accompanying drawings.

Meanwhile, drawings (b) in FIGS. 1through 10 illustrate sections taken along line of
(a) of the respective drawings.

A freguency assembly-type separating apparatus 10 for acochlear implant according
to afirst embodiment of the present invention includes alower layer 100 and an upper
layer 200. Thus, amethod for fabricating afrequency assembly-type separating
apparatus for a cochlear implant according to the present embodiment includes alower
layer fabrication step, an upper layer fabrication step, and acoupling step of coupling
upper and lower layers.

Thus, first, aprocess of fabricating the upper and lower layers of the method for fab-
ricating afrequency assembly-type separating apparatus for a cochlear implant
according to the present embodiment will be described by stages, and the step of
coupling the upper and lower layers will be described in detail.

First, the lower layer fabrication step will be described.

The lower layer 100 is configured such that acertain region of abasilar membrane
120 isvibrated according to afrequency band of an incoming acoustic wave, nano-
wires 150 grown on an upper portion of the basilar membrane 120 comes into contact
with an upper layer electrode unit 280 of an upper layer 200 so as to be deformed to
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generate an electrical signal from the nano-wires 150 by piezoelectric qualities.

FIG. lisaview illustrating laminating first and second silicon layers in alower layer
fabrication step of amethod for fabricating afrequency assembly-type separating
apparatus for a cochlear implant according to afirst embodiment of the present
invention.

Referring to FIG. 1, in order to fabricate the lower layer 100, first, abase 110 is
prepared. Asthe base 110, adouble side polished (DSP) silicon wafer is used.

A first silicon layer 111islaminated on an upper surface of the base 110, and a
second silicon layer 112 islaminated on alower surface of the base 110. Here, in the
present embodiment, asilicon oxide isused to form the first silicon layer 111 and the
second silicon layer 112 laminated on the base 110, and in this step, the base 110 is put
into acertain chamber, and a silicon oxide islaminated on the base 110 through awet
oxidation method in which steam isblown into the chamber while the chamber is
heated.

FIG. 2 isaview illustrating patterning of abasilar membrane in the lower layer fab-
rication step of amethod for fabricating afrequency assembly-type separating
apparatus for acochlear implant in FIG. 1.

Referring to FIG. 2, the basilar membrane 120 is patterned on an upper surface of the
first silicon layer 111 laminated on an upper surface of the base 110. The basilar
membrane 120 isformed by depositing asilicon nitride (SiN) layer on an upper surface
of the first silicon layer 111by using low pressure chemical vapor deposition
(LPCVD) and patterning the silicon nitride layer to have acertain form by using pho-
tolithography. In the present embodiment, the silicon nitride layer is patterned such
that aplurality of basilar membranes 120 having a section with a quadrangular shape
are positioned to be spaced apart from each other on the base 110.

Namely, in this step, aplurality of basilar membranes 120 are prepared on the single
base 110 configured as a silicon wafer, and each of the basilar membranes 120 isa
constituent element of asingle frequency assembly-type separating apparatus for a
cochlear implant, and in this case, frequency assembly-type separating apparatuses 10
for acochlear implant corresponding to the number of the basilar membranes 120
formed on the base 110 may be fabricated.

FIG. 3isaview illustrating pattering of alower layer electrode unit in the lower
layer fabrication step of the method for fabricating afrequency assembly-type
separating apparatus for acochlear implant in FIG. 1.

Referring to FIG. 3, after the basilar membrane 120 is patterned, alower layer
electrode unit 130 is patterned. The lower layer electrode unit 130 includes aplurality
of central electrodes 131 and auxiliary electrodes 132 extending from the respective
central electrodes 131.
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In the present embodiment, the lower layer electrode unit 130 is made of gold/
titanium (Au/Ti) dual-layer metals by joining titanium (Ti) to alower surface of gold
(Au) which isfirm and has high electrical conductivity in order to enhance bonding
characteristics between gold (Au) and adifferent material. Thus, the lower layer
electrode unit 130 isformed by depositing dual-layer metals comprised of gold (Au)
and titanium (Ti) on the basilar membrane 120 and patterning the same by using pho-
tolithography.

Meanwhile, the lower layer electrode unit 130 is patterned such that the central
electrodes 131 and the auxiliary electrodes 132 are connected. Namely, aplurality of
central electrodes 1331 are provided to be spaced apart in alength direction at the
center of the basilar membrane 120 such that their width is gradually increased in the
length direction of the basilar membrane 120. Also, the central electrodes 131 are
patterned such that avirtual line formed by continuously connecting the middlie points
of the sides is a certain parabola or alinear line. Thus, apair of parabolas or apair of
linear lines formed by continuously connecting the left and right sides of the central
electrodes 131 form avirtual pyramid or atrapezoida figure.

The auxiliary electrodes 132 are mediums for transferring signals generated from the
central electrodes 131 to the outside. The auxiliary electrodes 132 are provided to
correspond to the number of the plurality of central electrodes 132, and extend from
the respective central electrodes 131 so asto be elongated in awidth direction of the
basilar membrane 120. The auxiliary electrodes 132 may be formed on the basilar
membrane 120 or may be formed to extend up to aregion of the lower layer 100
outside the range of the basilar membrane 120.

Meanwhile, upper surfaces of the central electrodes serve as seed layers for growing
nano-wires 150, and as described above, the auxiliary electrodes 132 serve as mediums
for connecting generated signals to an external signal processing unit, or the like.

FIG. 4 isaview illustrating removing aportion of afirst silicon layer in the lower
layer fabrication step of the method for fabricating afrequency assembly-type
separating apparatus for acochlear implant in FIG. 1.

Referring to FIG. 4, after the lower layer electrode unit 130 isformed, aportion of
the first silicon layer 111on an upper surface of the base 110 is etched to be removed.
Namely, in this step, only the first silicon layer 111 laminated on the region on which
the basilar membrane 120 is not laminated is selectively removed.

FIG. 5isaview illustrating forming aseed layer in the lower layer fabrication step of
the method for fabricating afrequency assembly-type separating apparatus for a
cochlear implant in FIG. 1.

Referring to FIG. 5, in order to grow the nano-wires 150, only upper surfaces of the
central electrodes 131 used as seed layers are exposed to the outside. First, the entire
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upper surface of the base, namely, upper surfaces of the base 110, the basilar
membrane 120, and the lower layer electrode unit 130 are coated with aphotoresist
140. Thereafter, the photoresist 140 coated on the upper surfaces of the central
electrodes 131 are removed through lift-off by using photolithography to expose the
central electrodes 131 to the outside, and the exposed central electrodes 131 are used
as seed layers for growing the nano-wires 150.

FIG. 6 isaview illustrating growing nano-wires in the lower layer fabrication step of
the method for fabricating afrequency assembly-type separating apparatus for a
cochlear implant in FIG. 1.

Thereafter, referring to FIG. 6, aplurality of nano-wires 150 having piezoelectric
characteristics are grown by using the respective upper surfaces of the plurality of
central electrodes 131 exposed to the outside as seed layers. The nano-wires 150 are
formed by amethod of growing zinc oxide (ZnO) at alwo temperature.

FIG. 7 isaview illustrating coating a protective layer in the lower layer fabrication
step of the method for fabricating afrequency assembly-type separating apparatus for a
cochlear implant in FIG. 1.

Referring to FIG. 7, after the step of growing the nano-wires 150 is performed, upper
surfaces of the central electrodes 131 including the nano-wires 150 are additionally
coated with aphotoresist to form aprotective layer 180 in order to prevent the nano-
wires from being damaged by external force or achemical reaction in afollow-up
process.

A perfluoropoly ether (PFPE) layer 160 is deposited on an upper surface of the
protective layer 180, and acarrier wafer 170 is coupled to an upper portion of the
PFPE layer 160.

FIG. 8isaview illustrating removing portions of a second silicon layer and abase in
the lower layer fabrication step of the method for fabricating afrequency assembly-
type separating apparatus for a cochlear implant in FIG. 1.

Referring to FIG. 8, after the carrier wafer 170 is coupled, the basilar membrane 120
isprocessed such that alower surface thereof isexposed to the outside to allow the
basilar membrane 120 to be directly in contact with apropagation medium to receive
an acoustic wave.

Namely, acorresponding lower portion of the second silicon layer 112 isremoved by
using photolithography based on avirtual parabola formed by connecting the middie
points of the respective sides of the plurality of central electrodes 131 as an outline. In
this step, since aportion of the second silicon layer 112 isremoved, alower surface of
the base 110 is exposed to the outside in the form of atrapezoid.

A portion of the base 110 is selectively etched by using the second silicon layer
exposed to the outside in the form of atrapezoid, as a mask. Here, the base 110 is
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etched by using a deep reactive ion etching (RIE) process, and in this step, the base
110 isremoved in the same trapezoidal shape as that of the second silicon layer 112 as
described above, and alower surface of the first silicon layer 111 provided on an upper
surface of the base 110 is exposed to the outside.

FIG. 9isaview illustrating removing aportion of the first silicon layer to expose a
lower surface of abasilar membrane to the outside in the lower layer fabrication step
of the method for fabricating afrequency assembly-type separating apparatus for a
cochlear implant in FIG. 1.

Similarly, referring to FIG. 9, the first silicon layer 111 remaining on an upper
surface of the base 110 isremoved in the form of atrapezoid by using the base 110 as
amask. In this case, abuffered hydrofluoric acid (BHF) solution may be used to etch
the first silicon layer 111.

Thus, according to the foregoing step, the first silicon layer 111, the second silicon
layer 112, and the base 110 provided below alower surface of the basilar membrane
120 are removed in the form of atrapezoid, and the lower surface of the basilar
membrane 120 is exposed in the form of atrapezoid to the outside.

After the lower surface of the basilar membrane 120 is exposed to the outside, the
carrier wafer 170 isremoved, and the PFPE layer 160 is aso removed by using an
isopropyl alcohol (1PA).

At the same time, in order to protect the nano-wires 150 from being damaged, the
protective layer 180 coated on the upper surface of the basilar membrane 120is
removed by using acetone to expose the upper surface of the basilar membrane 120
and the nano-wires 150.

Thus, according to this process, only aportion of the lower surface of the basilar
membrane 120 is exposed in the form of atrapezoid to the outside, but the upper
surface of the basilar membrane 120 is entirely exposed to the outside.

FIG. 10 isaview illustrating alower layer fabricated by the method for fabricating a
frequency assembly-type separating apparatus for acochlear implant in FIG. 1.

Referring to FIG. 10, according to the foregoing lower layer fabrication step, the
lower layer 100 isformed such that the lower layer electrode unit 130 isformed at the
center of an upper surface of the basilar membrane 120, the nano-wires 150 are grown
by using the central electrodes 131 constituting the lower electrode unit 130, as seed
layers, the lower surface of the basilar membrane 120 is processed to be exposed in the
form of avirtua trapezoid formed by avirtual curve connecting the sides of the central
electrodes 131, and an unexposed region of the lower surface of the basilar membrane
120 isupwardly supported by the second silicon layer 112.

Meanwhile, in amodification of the lower layer fabrication step according to the
present embodiment, a step of exposing the lower surface of the basilar membrane is



10

WO 2013/094906 PCT/KR2012/010666

[80]

[81]

[82]

[83]

[84]

[85]

[86]
[87]

[88]

[89]

[90]

performed after the nano-wires are grown, but the lower layer may be fabricated in
order of exposing the lower surface of the basilar membrane through processing and
subsequently growing nano-wires.

FIG. 11lisaview schematically illustrating aprocess of a modification of the lower
layer fabrication step of the method for fabricating afrequency assembly-type
separating apparatus for acochlear implant in FIG. 1. Asfor the modification with
reference to FIG. 11, after the lower electrode unit 130 isformed through the process
illustrated in FIGS. 1to 4, additional seed layers 150s are laminated on upper surfaces
of the central electrodes 131 of the lower layer electrode unit fI30 as shown in FIG.
11(a). The seed layers 150s selectively laminated on the central electrodes are used as
abasis for growing the nano-layer 150 later.

Thereafter, asillustrated in FIG. 11(b), the PFPE layer 160 is deposited on an upper
portion of the base 110, and the carrier wafer 170 is coupled to an upper portion of the
PFPE layer 160.

Subsequently, asillustrated in FIG. 11(c), portions of the first silicon layer 111, the
second silicon layer 112, and the base 110 are removed to expose the lower surface of
the basilar membrane 120, and then, the PFPE layer 160 and the carrier wafer 170 are
removed.

Finaly, asillustrated in FIG. 11(d), the nano-wires are grown on the seed layers 150s
additionally laminated on the central electrodes 131, thus fabricating the lower layer.
Namely, according to the modification of the present embodiment, the process of
opening the lower surface of the basilar membrane 120 isfirst performed relative to the

growth of the nano-wires 150, thereby finally fabricating the lower layer 100.

Hereinafter, the upper layer fabrication step will be described. The upper layer fab-
rication step includes forming afirst pattern portion, forming a second pattern portion,
and coating an upper layer electrode unit.

First, the forming of the first pattern portion will be described.

FIG. 12 isaview schematically illustrating forming first pattern portions in an upper
layer fabrication step of the method for fabricating afrequency assembly-type
separating apparatus for acochlear implant in FIG. 1.

First, referring to FIG. 12(a), a DSP silicon wafer isprepared as a substrate 210, and
the prepared substrate 210 is cleaned through an RCA cleaning method.

Referring to FIG. 12(b), the cleaned substrate 210 is put into acertain chamber, and a
first silicon dioxide (S0 ,) layer 220 is deposited on an upper surface of the substrate
210 through a wet-oxidation process as amethod blowing steam into the chamber.
Referring to FIG. 11(c), aphotoresist islaminated on an upper surface of the deposited
first silicon dioxide (S0 ,) layer 220 to form afirst buffer layer 230.

Referring to FIG. 12(d), the coated first buffer layer 230 is patterned into aplurality
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of stripes repeatedly spaced apart from each other by using a photolithography method
to selectively expose only the first silicon dioxide (SiO ,) layer 220 disposed on the
lower surface of the first buffer layer 230 in a stripe shape.

Referring to FIG. 12(e), the first silicon dioxide (Si0 ,) layer 220 is etched by using
the first buffer layer 230 remaining in the foregoing process as amask by applying a
buffered oxide etchant (BOE) solution to pattern the first silicon dioxide SiO , layer
220 in the same stripe form as that of the first buffer layer 230.

Thereafter, referring to FIG. 12(f), the substrate 210 is etched by using the first
silicon dioxide (Si0 ) layer 220 not etched in the foregoing process as amask, and in
this case, the substrate 210 is etched by potassium hydroxide (KOH), and thus, a
plurality of first pattern portions 240 formed to be depressed in a shape of an inverted
triangle are formed.

Referring to FIG. 12(g), after the first pattern portions 240 are formed in the
foregoing step, the first buffer layer 230 and the first silicon dioxide (S0 ,) layer 220
remaining in regions of the substrate 210 where the first pattern portions 240 are not
formed.

Next, a step of forming a second pattern portion will be described.

FIG. 13 isaview schematicaly illustrating forming of second pattern portions in the
upper layer fabrication step of the method for fabricating afrequency assembly-type
separating apparatus for acochlear implant in FIG. 1.

Referring to FIGS. 13(a) and 13(b), a second buffer layer 250 formed of photoresist
islaminated on the entire upper surface of the substrate 210, and portions of the second
buffer layer 250 laminated on regions of the substrate 210 in which second pattern
portions 270 are to be formed are selectively removed by using photolithography.

Referring to FIG. 13(c), a second silicon dioxide (SiO ,) layer 260 is deposited on the
entire upper surface of the substrate 210, namely, an upper surface of the second buffer
layer 250 and an upper surface of the substrate 210 on which the first pattern portions
240 are fromed.

Referring to FIG. 13(d), materials existing in regions in which both the second
silicon dioxide (Si0 ) layer 260 and the second buffer layer 250 are laminated,
excluding regions in which the second silicon dioxide (Si0,) layer 260 is inde-
pendently laminated are entirely removed from the substrate 210. Accordingly, the
second silicon dioxide (Si0 ) layer 260 remains only in the regions of the substrate 210
in which the second pattern portions 270 are not to be formed, and the second silicon
dioxide (Si0,) layer 260 may be used as amask for patterning the second pattern
portion 270.

Thus, referring to FIG. 13(e), the substrate 210 is etched with a section in the form of
an inverse triangle by using the remaining second silicon dioxide (S0 ,) layer 260 asa
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mask to form the second pattern portions 270. Thus, the second pattern portions 270
are prepared in regions between the mutually neighboring first pattern portions 240.

Referring to FIG. 13(f), when the second silicon dioxide (Si0 ,) layer 260 remaining
so asto be used asamask is entirely removed by using a BOE solution, the first
pattern portions 240 and the second pattern portions 270 are ssmultaneously formed on
the substrate 210.

Referring to FIG. 13(g), in a step of coating the upper layer electrode unit 280, dual-
layer metals of gold/titanium (Au/Ti) are coated on an outer surface of the substrate
210 with the first pattern portions 240 and the second pattern portions 270 formed
thereon to form the upper layer electrode unit 280.

FIG. 14 isaview illustrating an upper layer fabricated by the method for fabricating
afrequency assembly-type separating apparatus for a cochlear implant in FIG. 1.

Referring to FIG. 14, the upper layer is configured such that the upper layer electrode
unit 280 isformed in depressed regions of the substrate 280.

Meanwhile, in the present embodiment as described above, after the first pattern
portions are formed, the second pattern portions having the same shape are patterned
between neighboring first pattern portions, thereby simultaneously coating the upper
layer electrode unit on the first pattern portions and the second pattern portions, but the
upper layer may be fabricated by coating the upper layer electrode unit only on the
plurality of first pattern portions spaced apart from each other.

Also, since the first pattern portions and the second pattern portions are to be
configured to correspond to nano-wires formed on the lower layer electrode unit, the
first pattern portions and the second pattern portions may be patterned to be in contact
with each other or patterned to be spaced apart from each other according to nano-
wires and aposition and structure of the lower layer electrode unit.

Next, the coupling step will be described.

FIG. 15 isaview schematically illustrating afrequency separating apparatus for a
cochlear implant fabricated by the method for fabricating afrequency assembly-type
separating apparatus for acochlear implant in FIG. 1.

Referring to FIG. 15, the coupling step may include forming avia hole, forming a
connection electrode unit, and coupling the upper layer and the lower layer.

First, aplurality of via-holes 320 are formed to be spaced apart from each other on
the substrate 210, and an inner surface of the via holes 320 is coated with a conductive
metal, e.g., dual-layer metals of gold/titanium (Au/Ti), to form a coated portion 330.

In the forming of the connection electrode unit, in order to allow the upper layer
electrode unit 280 formed on the upper layer 250 to be provided to the outside, a
connection electrode unit 310 isformed as amedium for electrically connecting the
upper layer electrode unit 280 and an external signal processing unit.
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Namely, the connection electrode units 310 electrically connecting the respective via
holes 320 and the respective connection electrode units 310 corresponding to the re-
spective via holes 320 are patterned on the substrate 210 by using the gold/titanium
(Au/Ti) metals, to allow an electrical signal provided through the upper layer electrode
unit 280 to be transferred to the via holes 320.

Thus, when the upper layer 200 and the lower layer 100 are coupled, the upper layer
electrode unit 280 is disposed to face the lower layer electrode unit 130. Thus, since it
isdifficult to directly transfer an electrical signal generated from the upper layer
electrode unit 280, the electrical signal generated from the upper layer electrode unit
280 istransferred to an opposite surface of the substrate 210 on which the upper layer
electrode unit 280 is formed through the via hole 320 completely penetrating the
substrate 210.

In the step of coupling the upper layer 200 and the lower layer 100, the upper layer
200 and the lower layer 100 are coupled such that the upper layer electrode unit 280
and the lower layer electrode unit 130 face each other and the respective nano-wires
150 grown on the lower layer electrode unit 130 are positioned in the depressed
regions of the upper layer electrode unit 280.

Also, the upper layer 200 is configured to have an area smaller than that of the lower
layer 100, to alow aportion of the upper surface of the lower layer 100 to be exposed
when coupled, whereby, preferably, the auxiliary electrode 132 of the lower electrode
unit 130 is completely exposed to the outside.

Meanwhile, the upper layer electrode unit 280 is electrically connected to acertain
external signal analyzer 500 via the via hole 320, and the lower layer electrode unit
130 isdirectly connected to the signal analyzer 500 through the auxiliary electrode
132, so that electrical signals generated from the respective electrode units may be
transferred to the signal analyzer 500.

Next, amethod for fabricating afrequency assembly-type separating apparatus for a
cochlear implant according to a second embodiment of the present invention will be
described.

FIG. 16 isaview schematicaly illustrating afrequency assembly-type separating
apparatus for a cochlear implant fabricated by amethod for fabricating a frequency
assembly-type separating apparatus for a cochlear implant according to a second em-
bodiment of the present invention.

Referring to FIG. 16, the method for fabricating afrequency assembly-type
separating apparatus for acochlear implant according to a second embodiment of the
present includes an upper layer fabrication step, alower layer fabrication step, and a
coupling step. The upper layer fabrication step and the lower layer fabrication step are
the same as those described above in the first embodiment, so arepeated description
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thereof will be omitted.

The coupling step includes forming a connection electrode unit and coupling an
upper layer and alower layer.

The forming of aconnection electrode unit 410 is a step of forming the connection
electrode unit 410 for electrically connecting an external signal processor to the upper
layer electrode unit 280. The connection electrode unit 410 includes afirst connection
electrode unit 411, a second connection electrode unit 413, and athird connection
electrode unit 412 connecting the first connection electrode unit 411 and the second
connection electrode unit 413.

First, the first connection electrode unit 411isformed to extend from the upper layer
electrode unit 280 on the same surface of the substrate 210 on which the upper layer
electrode unit 280 is positioned. Also, the third connection electrode unit 413 isformed
to protrusively extend downwardly from the first connection electrode unit 411.

Finally, the second connection electrode unit 412 is patterned to extend in acertain
direction by having an end portion at aposition facing the first connection electrode
unit on the same surface of the base 110 as that positioned on the lower layer electrode
unit 130 of the lower layer 100 when the upper layer 200 and the lower layer 100 are
coupled

In the coupling of the upper layer 200 and the lower layer 100, the upper layer 200
and the lower layer 100 are coupled such that the upper layer electrode unit 280 and
the lower layer electrode unit 130 are disposed to face each other and the nano-wires
150 extending from the lower layer electrode unit 130 are accommodated in a space
formed by the upper layer electrode unit 280.

Also, the upper layer 200 is formed to have an area smaller than that of the lower
layer 100 to allow aportion of the upper surface of the lower layer 100 to be exposed
when coupled, so that the auxiliary electrode 132 of the lower layer electrode unit 130
and the second connection electrode unit 132 are completely exposed to the outside.

Thus, when the upper layer 200 and the lower layer 100 are coupled, the second
connection electrode unit 413 isin contact with the third connection electrode unit and
the third connection electrode unit 413 is electrically connected to the first connection
electrode unit 411 electrically connected to the upper layer electrode unit 280, and
thus, an electrical signal generated from the upper layer electrode unit 280 can be
easily transferred to the outside through the connection electrode unit 410.

Meanwhile, the upper layer electrode unit 280 is connected to the external signal
analyzer 500 through the connection electrode unit 410, and the lower electrode unit
130 isdirectly connected to the signa analyzer 500 through the auxiliary electrode
132, whereby an electrical signal generated from each electrode unit may be
transferred to the signal analyzer 500.



15

WO 2013/094906 PCT/KR2012/010666

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

Hereinafter, an operational principle of the frequency assembly-type separating
apparatus for acochlear implant fabricated according to the method for fabricating a
frequency assembly-type separating apparatus for acochlear implant according to an

embodiment of the present invention will be described briefly.
FIG. 17 isaview illustrating an operation of the frequency assembly-type separating

apparatus for acochlear implant fabricated by amethod for fabricating a frequency
assembly-type separating apparatus for a cochlear implant according to an embodiment
of the present invention.

Referring to FIG. 17, in the frequency assembly-type separating apparatus for a
cochlear implant 10, the upper layer 200 and the lower layer 100 are coupled such that
the basilar membrane 120 of the lower layer 100 is supported by a certain propagation
medium 600 and the upper layer electrode units 280 and the nano- wires 150 face each
other.

When an acoustic wave having acertain frequency istransferred through the
propagation medium 600, aregion of the basilar membrane 120 reacting to the
frequency band of the acoustic wave flowing along the propagation medium 600 is
deformed in response to the acoustic wave provided from the propagation medium
600.

According to the reaction of the basilar membrane 120, the nano- wire 150 isreacted,
and the nano-wire 150 comes into contact with the upper layer electrode unit 280 cor-
responding to an upper side thereof so asto be deformed to generate an electrical
signal by piezoelectric qualities thereof. The generated electrical signa istransferred to
the external signal analyzer to stimulate the auditory nerve corresponding to the
frequency band of the acoustic wave, alowing ahuman body to sense a sound.

Thus, in the case of the method for fabricating afrequency assembly-type separating
apparatus for acochlear implant fabricated according to an embodiment of the present
invention, an acoustic wave having awideband frequency can be easily separated and
analyzed, and transferred to the auditory nerve of ahuman body.

While this invention has been described in connection with what is presently
considered to be practical exemplary embodiments, it isto be understood that the
invention isnot limited to the disclosed embodiments, but, on the contrary, isintended
to cover various modifications and equivalent arrangements included within the spirit
and scope of the appended claims.

Industrial Applicability

According to an embodiment of the present invention, the method for fabricating a
frequency assembly-type separating apparatus for acochlear implant capable of
precisely separating afrequency through vibration of the basilar membrane by
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separately fabricating the lower layer and the upper layer on which nano-wires are
grown and coupling them is provided.

Also, since the separate connection electrode unit connected to the upper layer
electrode unit is patterned, although the upper layer isblocked against the outside asit
is coupled to the lower layer, it can easily transfer an electrical signal to the outside
through the connection e ectrode unit.

Also, since the connection electrode unit is configured to be connected to the via hole
completely penetrating the upper layer and an electrical signal is transferred to the
outside through the via hole, the connection electrode unit is not exposed to the
outside, obtaiing the overall compact configuration.
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Claims

A method for fabricating afreguency assembly-type separating
apparatus for a cochlear implant, the method comprising:

an upper layer fabrication step of fabricating an upper layer by coating
an upper layer electrode unit on a substrate;

alower layer fabrication step of fabricating alower layer by including a
step of patterning alower layer electrode unit on abasilar membrane
formed on abase and growing a nano-wire having piezoelectric charac-
teristics on the lower layer electrode unit; and

acoupling step of coupling the upper layer and the lower layer such
that the upper layer electrode unit and the lower layer electrode unit are
electrically connected.

The method of claim 1, wherein the coupling step comprises:

forming a connection electrode unit electrically connected to the upper
layer electrode unit; and a step of coupling the upper layer and the
lower layer such that the upper layer electrode unit and the lower layer
electrode face each other.

The method of claim 1, wherein the coupling step further comprises:
forming aviahole to penetrate the substrate; coating an inner surface of
the via hole with an electrical conductive material; and forming a
connection electrode unit electrically connecting the via hole and the
upper layer electrode unit on the substrate.

The method of claim 2, wherein the forming of the connection
electrode comprises:

forming afirst connection electrode unit extending from the upper layer
electrode unit on the substrate; forming a second connection electrode
unit on the base; and forming athird connection electrode unit having
one end portion in contact with the first connection electrode unit and
the other end portion in contact with the second connection electrode
unit.

The method of any one of clam 1to claim 4, wherein in patterning the
lower electrode unit, acentral electrode having awidth gradually
increased in alength direction of the basilar membrane and an auxiliary
electrode extending from the central electrode, which are spaced apart
from one another, are patterned.

The method of claim 5, wherein the lower layer fabrication step further
comprising:
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removing aportion of the layer provided on alower surface of the
basilar membrane to expose the lower surface of the basilar membrane.
The method of claim 6, wherein the growing of the nano-wire
comprises:

laminating an upper surface of the basilar membrane with a photo-
sensitizer; removing aportion of the photosensitizer to expose the
central electrode to thereby make the central electrode become a seed
layer; and growing a nano-wire by using the central electrode exposed
to the outside as a seed layer.

The method of claim 6, wherein the growing of the nano-wire
comprises:

laminating an additional seed layer on on the central electrode; and
growing anano-wire from the seed layer.

The method of claim 7 or claim 8, wherein the nano-wire is formed by
growing azinc oxide (ZnO) through alow temperature growth method.
The method of claim 7, further comprising:

coating upper portions of the nano-wire and the basilar membrane with
aprotective layer in order to prevent damage to the nano-wire after
growing the nano-wire.

The method of claim 10, further comprising:

exposing the nano-wire by removing the protective layer coated on an
upper portion of the nano-wire, after exposing alower surface of the
basilar membrane.

The method of any one of claim 1to claim 4, wherein the upper layer
fabrication step comprises.

forming aplurality of first pattern portions formed as the section of the
substrate is depressed in atriangular shape, and spaced apart from each
other; forming second pattern portions between the neighboring first
pattern portions; and coating upper layer electrode units on the first
pattern portions and the second pattern portions.

The method of claim 5, wherein the forming of the second portions
comprises:

coating abuffer layer on the substrate between the neighboring first
pattern portions; depositing a silicon dioxide (Si0 ) layer on an upper
portion of the substrate; selectively removing the buffer layer and the
silicon oxide layer from the region in which the buffer layer and the
silicon dioxide (Si0,) layer are smultaneously formed; etching a
substrate region between neighboring silicon dioxide (S0 ,) layers to
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pattern the second pattern portions.
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