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DESCRIPTION - ooz

LIQUID CRYSTAL POLYMER-BASED ELECTRO-OPTRODE NEURAL INTERFACE,

AND METHOD FOR PRODUCING SAME

Technical Field
The present invention relates to a neural interface which
is inserted into a body and a method of manufacturing the same
and, more particulariy, to a 1liquid crystal polymer-based
10 electro—éptrode neural interface including an electrode and an
optrode integrated together, and to a method of manufacturing

the same.

Background Art

15 As is well anwn in the art, neural interfaces such as
electrodes and optrodes for stimulating deep bféin regions or
measuring neural signals from deep brain regions are
responsible for very important functions in neural prostheses
such as cochlear implants, artificial thin-films, deep brain

20 stimulators, etc., or in neuroscience research including
biosignal measurement, etc. The neural interfaces are used to
stimulate neural-tissue of animals, including human beings, or
to record neural signals or biosignals generated from neutral
tissue. Neural stimulation or neural signal recording is

25 carried out using an electrical process or an optical process.



Background Art 15As is well known in the art, neural interfaces such as
el ectrodes and optrodes for stimulating deep brain regions or neasuring
neural signals fromdeep brain regions are responsible for very inportant
functions in neural prostheses such as cochlear inplants, artificial
thin-filnms, deep brain 20 stinulators, etc., or in neuroscience research
i ncl udi ng bi osi gnal neasurenent, etc. The neural interfaces are used to
stinmulate neural tissue of animals, including human beings, or to record
neural signals or biosignals generated fromneutral tissue. Neural
stinmulation or neural signal recording is 25 carried out using an

el ectrical prBtessrotesanaopt imsiniy omessfactured ukliegt remesckdaceeinl y
manuf act ured using semnmi conductor materials such as silicon, SO
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G t at ison (DOg URBNY ¢ 5[] boc ftrodes may record neural signals of cells
in response to li1ght, suc s sur ace Pl asnon, changes in transmttance of

near infraredopesdet Gre( S8EIL tatingn DosEtshd 3hafB88id A ) through
which light passes, and cells may be stimulated with light
using techniques such as optogenetics, etc. (see Citation
Document [2]).

10 Also, optrodes may record neural signals of cells in
response to 1light, such as surface Plasmon, changes in
transmittance of near infrared rays, etc. (see Citation
Documenté [3] and [4]). -

However, conventional materials for electrodes or

15 optrodes have mechanical properties which deteriorate easily,
such as in silicon, or have poor rigidity making them
unsuitable for use in a brain and thus requiring additional
supports. = Hence, such materials are mostly limited in
applications to implanﬁable neural interfaces, and methods

20 using supports, etc., should be devised (see Citation Document
[51)

Also, materials for use in implantable techniques such as
neural interfaces should be based on biocompatibile materials
or should be composed exclusively of biocompatibile materials.

25 In the case where a neural interface is applied to a deep



However, conventional materials for electrodes or 15 optrodes have
mechani cal properties which deteriorate easily, such as in silicon, or have
poor rigidity making themunsuitable for use in a brain and thus requiring
addi ti onal supports. Hence, such materials are nostly limted in
applications to inplantable neural interfaces, and nethods 20 using
supports, etc., should be devised (see G tation Docunent [5]). Also,
materials for use in.inplantabl e techni ques such as neural interfaces
shoul d be based on bi oconpatibile nmaterials or should be conposed

excl usively of bioconpatibile materials. 25 In the case where a neural
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undesi rabl e effects caused by the support in the course of signal

t r ansni sshvsediby t e neuprdrt nirerthec ecuzasanvér s agnd brtrasnissmnufvaat uri ng
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problematic in terms of very high production costs because a
batch process which may decrease the pﬁcoduction costs, such as
a semiconductor process, is not used.

Because materials for neural interfaces of neural

10 prosthetic devices, to which a batch process may be applied in
future, are sufficiently competitive, those having strength
adapted to be inserted into a brain, being biocompatible and
able to. decrease the production costs.using a batch process
are advéntageously required.

15 However, most conventional . techniques concerning
electrodes or optrodes have been separately studied and
tested. In some research groups, prior research into
combining these two techniques to construct neural interfaces
in vitro was conducted, but research in vivo has not yet been

20 introduced.

Also, when combinations of optrodes and electrodes are
applied to stereotaxic operation, it will be expected that the
operation position may be rapidly checked, thus shortening the
operation time and reducing effects caused by gliosis due to

25 immune responses and ~effects of artifact signals by
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devices, to which a batch process nmay be applied in future,
|y conpetitive, those having strength adapted to be inserted
bei ng bi oconpati ble and able to decrease the production costs
process are advant ageously required. 15However, nost

conventi onal t echni quesconcerni ng el ectrodes or optrodes have been
separately studied and tested. In sone research groups, prior research into
conmbi ning these two techniques to construct neural interfaces in vitro was

conduct ed, but

research in vivo has not yet been 20 introduced. Al so, when

conbi nati ons of optrodes and el ectrodes are applied to stereotaxic

oper at i optimtlationpe bexpectechlt hahtéhinagser haiong pesirbiaadmypthedeapi dl y
‘checked, thus shortening the operation tine and reducing effects caused by
gliosis dud telesradamearespitsestundterdsctthasf ean i fogct appyied s toy
stimulation, but peural interfaces having conbi ned optrodes and el ectrodes
are not SERHEPHAELC tPRETIEP L Sepplibation Wi l@ldperation (see

Gtation DOCU%%Qt L§£%ple, in the case of an electrode insertion

5 operation for DBS (Deep Brain Simulator), it is conventionally

conducted in such a manner that the insertion position is

checked using MRI scanning and ATLAS (anatomical map of the

brain)

before the electrode insertion operation, and the

operation 1is carried out using stereotaxic operation

10 equipment.

However, it is difficult to execute the operation because

of diverse factors including different brain positions or

unique brain structures in each person. To' solve such

problems, methods wherein neural signals are recorded using

15 MER

(Micro. Electrode Recording) and then stimulation.

electrodes are inserted are being mainly adopted. In these

20

25

methods, a micro electrode for recording a neural signal is
inserted using a stereotaxic operation device before electrode
insertion for DBS. The neural signals are recorded depending

on the inserted position to check the correct location of the

electrode, . after which the micro electrode for recording a

neural signal is removed, and a stimulation electrode is
inserted again. This is because, upon puncturing of the skull
to form a bur hole, the pressure of the skull changes and the

spinal fluid of the brain flows out of the brain, and thus



For exanple, in the case of an el ectrode insertion operation for DBS (Deep
Brain Sinulator), it is conventionally conducted in such a nmanner that the
insertion position is checked using MRl scanning and ATLAS (anatom cal nap
of the brain) before the electrode insertion operation, and the operation
is carried out using stereotaxic operation 10 equi pnent. However, it
is difficult to execute the operation because of diverse factors including
different brain positions or unique brain structures in each person. To
sol ve such probl ens, nethods wherein neural signals are recorded using 15
MER (M cro El ectrode Recording) and then stinulation electrodes are
i nsert edtheeebeicayrenian| shigttopiedwhlioht hbee poatiltdds, f ntke obehent iede for
recording a neural signal is inserted using a stereotaxic operation device
bef ore eFbergedendisiet tdififerentDEBanThe wewkd|besidyrdng ¥MRE sesoniagl. '
depending 20 on the inserted position to check the correct |ocation of the
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undesi r abhylesbralehsi hgctessimf bhbéody skl Widsinnetpdisg cehebsrl n@dl1cbhui d of
the brain, blood, etc. 2 Two kinds of electrodes are alternately inserted,
undesi r abegseher éabe ngechedingkedécinpde yhas sesglblikerblddatetessehsn(t he
recording el ectrode has a smaller dianeter than the stinulation electrode).
The i nseEbpoRtpoYlation ofledtwrad®)st i il diticoninsieattiond oiss tadhustedhto a
differenttgos%tion iEstead of the insertion route of the recording

U af
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instead of the insertion route of the recording electrode,

unnecessarily causing damage to the brain tissue.
Unlike this, there are proposed insertion methods without
MER using MRI information and ATLAS (anatomical map of the
15 brain). Methods using anatomical map information of the brain
are used to determine the final insertion position via
approximate coordinate systems based on MRI or C-arm, thus
shortening the operation time to thereby reduce the loss of
body fluids, but it is very difficult to exactly position the
20 stimulation electrode due to minor shifting of the brain

- during the operation. - .

| When a specific external object is implanted in vivo,
there occurs gliosis in which the brain tissue encloses the
electrode recognized as an impurity due to the immune

25 response. In this case, transmission of a stimulus electrical



Unlike this, there are proposed insertion methods w thout MER using M

i nformati on and ATLAS (anatom cal map of the 15 brain). Methods using
anatom cal map information of the brain are used to determ ne the final
insertion position via approximate coordi nate systens based on MRl or
C-arm thus shortening the operation tinme to thereby reduce the | oss of
body fluids, but it is very difficult to exactly position the 20
stinmulation electrode due to mnor shifting of the brain during the
operation. Wien a specific external object is inplanted in vivo, there
occurs gliosis in which the brain tissue encloses the el ectrode recogni zed
as an i npugndy doe the ttiessugube Bs resipalaeedl Myt htlse catectio@nshmgsi on of
a stinmulus electrical signal to the tissue to be stimulated by the

el ect r odeerene bauwid epasbrenathes trrdidieducstgmelatidmt iefifegfsecasdand
therapeutlc effects. Hence, in order to provide appropriate stimulation
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the neural signal is recorded with the ele he" stimil us signal is
direct!| ypaecattled, Bepahat etysd rom tige néuéatraagna_nse&téasm&&e tRet he

cell stinmulation, which is called an artifact signal. This signal
brain, all of a series of procedures, from MRI scanning to the
insertion operation, should be undesirably conducted again.

10 Finally in the case where electrical stimulation is
applied to cells and the neural signal is recorded with the
electrode, the stimulus signal is directly recorded,
separately from the neural signal in response to the cell
stimulation,-which is called an artifact signal. This signal

15 is formed immediately after the stimulation and has a
magnitude greater than that of the neural signal. To show the
response immediately after the stimulation, an additional
process for removing the artifact signal is required.

As mentioned above, the neural interface device to be

20 inserted in Vi&o should be based on a biocompatible material
and should have strength adapted to be inserted into a brain.
Also, this interface should be able to be inexpensively
manufactured using a batch process from the point of view that
it would have a great influence on the popularization and

25 market expansion of neural prosthetic devices. In the case of



15 is fornmed i Mmedi ately after the stinulation and has a nagnitude greater’
than that of the neural signal. To show the response i medi ately after the
stinmulation, an additional process for renoving the artifact signal is
~required. As nentioned above, the neural interface device to be 20 inserted
in vivo should be based on a bioconpatible material and shoul d have
strength adapted to be inserted into a brain. Also, this interface should
be able to be inexpensively manufactured using a batch process fromthe
point of viewthat it would have a great influence on the popul arization
and 25 mar ket expansion of neural prosthetic devices. In the case of the
el ect r odgheis€Tedtrdde wid dln ivheehkbagaldemteefacd detidegclarsisgndlfaich
response to the electrical stimulation is recorded, and thus probl ens due
to the neegndbrinnragdbnsentd phocessctuicalktsibEinulagdpar disi mpachkdedeur al
signal and an_ additional 5 reference electrode, and due to reduced effects
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bi Oconpaééﬂéfatf&g Iagffy ?Filééhpé eckadui@ adakehvesocespol-byses edueing t he
production cost (see Citation Docurments [6] and [7]), and the sfereotaxic

operat i OBp@Eé(t.'Qﬁ?l@O@ﬁbﬁﬂ.ad Bé&ddie thesdibleombiagsheid r ede cditrgltachaode and-
thus the operation position may be rapidly checked thereby reducing the
oper at i oatérastaxid ecbsrdudons ghichi sreqmyite aediumry byetheiopt tade as
l'ight may pass through cells to some extent (see Ctation Docunment [9]),
and al sobepausesel Wtk o1t KT Hearalngi gweing schietmeradign -with light is not

affected by the artifact signal, thus si I|f i ng the post-treatnent
procedur e (seghélE&Fﬁ@ﬁthéﬁﬁ%WP§s[§F“§h that a liquid crystal

polymer has strength adapted to be inserted into a brain, is
biocompatibie, and may be subjected to a batch process thus
reducing the production cost (see Citation Documents [6] and
[7]), and the stereotaxic operation may be conducted using the
15 combined optrode and electrode and thus the operation position
may be rapidly checked thereby reducing the operation time,
effects due to gliosis may be reduced by the optrode as light
may pass through cells to some extént (see Citation Document
[9]), and also the case where the neural signal is detected
20 with light __is not affected by the artifact signal, thus
- simplifying the post-treatment 'pfocedure (see Citation
Documents [3] and [4]).
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Accor di V1S HekRecFTBF -t Re PRESefl | tionis to provide a liquid
crystal polyner (LCP)-based el ectro-optrode neural interface having
integrated el ectrode and optrode and a

5 Disclosure
Technical Problem
Accordingly, an object of the present invention is to
provide a liquid crystal polymer (LCP)-based electro-optrode
neural interface having integrated electrode and optrode and a

10 method of manufacturing the same.

Technical Solution

15 Advantageous Effects
According to embodiments of the present invention, design
and fabrication techniques of electrodes for stimulating deep
brain regions, including the combination of optical technology
and electrical and electronic technology, enable electrode
20 design in whiéh an optical technique for recording a neural
signal without an artifact signal and an electrode technique
for electrically recording a neural signal are embodied on a
éingle electrode. Further, the use of LCP (liquid crystal
polymer) and a semiconductor process enables the formation of

25 various kinds of electrode site designs and multifunctional

10



10 net hod of manufacturing the sanme. Technical Solution 15 Advantageous
Effects According to enbodi nents of the present invention, design and
fabrication techni ques of el ectrodes for stinulating deep brain regions,

i ncl udi ng the conbination of optical technology and el ectrical and

el ectroni c technol ogy, enable el ectrode 20 design in which an optical

techni que for recording a neural signal without an artifact signal and an
el ectrode technique for electrically recording a neural signal are enbodi ed
on a single electrode. Further, the use of LCP (liquid crystal polyner) and
a sem conductor process enables the formati on of 25 various kinds of

el ect r odelesittroddes i Ipsluhicignud huiifdinc t¢loraiel el &let rodid | atsadengbiesi di c
channel, etc., and al so enables the devel opnent for a coupling nmethod with
an opt i cghe fdeyalarmnenthito¥e 2afOUBL 183 MeEePthiwiiid! atuCoPhéfdr é108R to
integrated el ectrode can be provided in such manner that .the optical 5
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e . .
can be app pendi ng on needs, ~an neural sighal can

exactky £aGorded USi-AGNRIRE WiGalarpndiRptihealsneaeondi BY tiRbhepsashbEeover,

10 continuous disease treatnent is possible using electrical stinmulation as
in convephipnalinel Bshiodes vl iyt iRl naiddlul filgren aedordspgCinkthodases
such as generation of gliosis. MER and stimulation el ectrode insertion can
. be conpl atdds sl s aletbbdedeanpke adpphi e@ntepdiglioge cat nesedsb ahde can
be shortened, thus reducing burdens on patients and operators, and also the
el ect r odehposnentnl cafigeahonfalr ebei nMPEgl EXRELlak FREOrEePosEEBTRE to.

perform a nore exact el ectrode insertion_opperation.
electrical and optical recording methods. Moreover,

10 continuous disease treatment is possible using electrical
stimulation as in conventional electrodes and optical
stimulation as in specific <cases such as generation of
gliosis. MER and stimulation electrode insertion can be
completed using one electrode operation, and the operation

15 time can be shortened, thus reducing burdens on patients and
operators, and also the electrode position can be monitored in
real time, making it possible to perform a more exact

electrode insertion operation.

20 Description of Drawings
FIG. 1 is a perspective view illustrating an electro-
optrode mneural interféce according to an embodiment of the
present invention;
FIG. 2 is a cross-sectional view taken along the line II-

25 II of FIG. 1 illustrating the electro-optrode neural

11



20 Description of Draw ngs FIG 1 is a perspective viewillustrating
an el ectrooptrode neural interface according to an enbodi nent of the
present invention; ' FIG 2 is a cross-sectional view taken al ong
the line 11-25 11 of FIG 1 illustrating the el ectro-optrode neural

I nterface; FIG 3 is a perspective viewillustrating the el ectrode

| ayer configuration of the electro-optrode neural interface of FIG 1;
5FIGS. 4a to 49 are a flowhart illustrating a process of nmanufacturing the
~electro-optrode neural interface of FIG 1; FIG 5is a flowhart

Il lustrating another process of manufacturing the el ectro-optrode neural

I nterfacenobrEac€e;1; FIG 6 is a perspective viewillustrating the entire
10 configuration of an el ectro-optrode neural interface according to

anot her enbodiFd¥ent 3ofist e peespantiveventdwonillamtrating the electrode

layer configuration of the electro—optrodé neural interface of
FIG. 1;
5 FIGS. 4a to 4g are a flowchart illustrating a process of
manufacturing the electro-optrode neural interface of FIG. 1;
FIG. 5 is a flowchart illustrating another pfocess of
manufacturing the electro-optrode neural interface of FIG. 1;
FIG. 6 1is a perspective view illustrating the entire
10 configuration of an electro-optrode neural interface according
to another embodiment of the present invention; and
FIG. 7 is a flowchart illustrating a process of

manufacturing the electro-optrode neural interface of FIG. 6.

.15 Best Mode
Hereinafter, a detailed description will be given of
embodiments of the present invention with reference to the
appended drawings.
FIG. 1 is a perspective view illustrating an electro-
20 optrode neural interface according to an embodiment of the
| present invention, FIG. 2 is a cross-sectional view taken
along the 1line II-II of FIG. 1 illustrating the electro-
optrode neural interface, and FIG. 3 1is a perspective view
illustraﬁing the electrode layer configuration of the electro-

25 optrode neural interface of FIG. 1.
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FIG: 7 is a flowhart illustrating a process of manufacturing the

el ectro-optrode neural interface of FIG 6. 15 Best Mode Herei nafter,
a detailed description will be given of enbodi nents of the present
invention with reference to the appended drawings. FIG 1 is a perspective
view illustrating an electro- 20 optrode neural interface according to an
enbodi nent of the present invention, FIG 2 is a cross-sectional viewtaken
along the line Il-11 of FIG 1 illustrating the el ectrooptrode neural
interface, and FIG 3 is a perspective viewillustrating the el ectrode

| ayer configuration of the electro- 25 optrode neural interface of FIG. 1.
As illustratedsinilueSrateto 8n tHESel ebt riee ot r otlbenetireaitionoptirade 100
according to the enbodi ment of the present invention is connected to an

i mpl ant eBSWERA celr{tﬁé”tf%ﬁowln?o SHCEME T 0&Pgn&hs cBIPRE®RIG n OFi vEhEre
t f d5t ted d dth ant t
i gnal pPBEEsRt ﬁ@nVE?%%agéﬁaC%lﬁge}%dsag? e 17 “Ce%?f A1 GHEES and
sends thg, (%%)al ng ﬁét" BioE?P-}Cx%? %ﬁg%begh?nekrﬁ%U ?r%ﬂ%f@?%?o be

interface I nc es anh opt which is ex SO as

i nser sabtg itHe0 id@abft@d aaék1ék | SaﬁQ5|ﬂHé3nﬁdpEint?e&0EléviB€r exbctfeds to
forman optical electrode portion, an adhesive sheet 20 surroundi ng the

optical &idesl 1@prosestOiyel @ﬂdi@.@e |axyer an@lyeiind o the aptarederieler 10
by neans of the adhesive sheet 20 and pre-nmanufactured using a
sem condbtbveigmloressl samdisa tdei pbtained #&selsxttodhessiduesideatt Fnbed to

t he adhesive sheet 20 at a distal end of the LCP electrode |ayer 30.
electro-optrode neural interface 100 includes an optical fiber

10 which is extended so as to be insertable into the body and

10 is positioned at a core thereof so as to form an optical
electrode portion, an adhesive sheet 20 surrounding the
optical fiber 10, an LCP electrode layer 30 wound on the
optical fiber 10 by means of the adhesive sheet 20 and pre-
manufactured using a semiconductor process, and a stimulation

15 electrode site 40 attached to the adhesive sheet 20 at a
distal end of the LCP electrode layer 30.

The LCP electrode layer 30 is made of thermoplastic low-
temperature LCP or high-temperature LCP, and may form a multi-
channel electrode using a semiconductor process or a MEMS

20 process. When the LCP electrode layer 30 is formed with the
multi-channel electrode, information about not only one place,
but of various places in vivo may be obtained from respective
electrodes.

The adhesive sheet 20 functions to adhere or fix the LCP

25 electrode layer 30 to the optical fiber 10, and includes a

13



The LCP el ectrode layer 30 is made of thernoplastic | owtenperature LCP or
hi gh-tenperature LCP, and may form a nul ti channel el ectrode using a

sem conduct or process or a MEMS 20 process. Wen the LCP el ectrode | ayer 30
is formed with the nmulti-channel electrode, information about not only one
pl ace, but of various places in vivo may be obtained fromrespective

el ectrodes. The adhesi ve sheet 20 functions to adhere or fix the
LCP 25 electrode layer 30 to the optical fiber 10, and includes a

| ow-t enperature LCP fil mor pol yurethane havi ng adhesi veness and

bi oconpatibility. The adhesive sheet 20 and the LCP el ectrode | ayer 30 are
coupl ed lowetetpatdtarrd oLEPr fidn leP sElplrethinel maviagt aghadiciehe LCP
~electrode layer 30 is 5 integrated with the adhesive sheet 20 using a

seni condapdorbimaymestibiilkeyt he DGR sadipdei ), shhet LCR ehedt ridde Laper 30
may be omtted, and thus the dianeter of the el ectro-optrode neural

i nt er f acElREVTRRr A¥RT FAe 3FFt iconPlefhdo BRChWRENIRY st feym an IR®
optical 10 e ec[aBode, naell_éé)erform opt i ca]Ia neur al signal nmeasur enent  or

sti mul at P8P and act STasthE | 64R€ sthRerastBh EhBoSe6pErapdnlaYe¥ aéPoASso t hat
t he intes 1.S. 4N ed.L.nto.t 0 i le.avoiding cerebral. bl ood
vesseI@s. E%\g%%?%t?en%l 5’?&5 gpl;lgciaa e%gf\}i% cg%éf,%ybe?o g%ﬁgw%t HST ands’ dgcmr

t enper at 48c0fs 280ire 2 : f e, [ ' o]

pol yi m d%, pol yur e%ﬁ%nggget%? %m%;ég@r'abT@@uggg. &% ce:{:ié(ﬁ%é O?E?ﬁg %Bti cal
fiber 10mapybBaveigtban spheniheel t3RARE afeted Wi ratedidbdildGoptrogdt my
have a variety of shapes such as a conical shape, a flat surface, etc.,
dependi ngeunal himteanfiaasg meryd dproeassi ng type. 20 The stinul ation el ectrode
site 40 is made of a netal, for exanple, Au or Pt, having a thickness of
hundreds of n&RemePEisalhribidy whe chwhachl det r & c@arst igful Bhe owpidavefior m
passes, and executes current/optical signal recording and el ectri cal

ot miCat FORCTHIRE st P RSTSHTB ciricad Sreral F BeRFUTEMenhafinel 42

Configurggi&uﬁ)lailtn:ioenc,t gn r%%tisnta(t)stge lens such as an endoscope upon
operation so that the interface is inserted into the body
while avoiding cerebral blood vessels. Accordingly, a special
optical fiber which withstands a temperature of 280 ~ 290°C,

15 for example, .an optical fiber made of polyimide, polyurethane,
etc., is preferably used. The end of the optical fiber 10 may
have a hemispherical shape as illustrated in FIG. 1, but may
have a variety of shapes such as a conical shape, a flat
surface, etc., depending on the cutting and processing type.

20 The stimulation electrode site 40 is made of a metal, for
example, Au or Pt, having a thickness of - hundreds of
nanometers through' which an electrical stimulation waveform

passes, and executes current/optical signal recording and

electrical stimulation. The stimulation electrode site 40 has -

25 a fluidic channel 42 configured to inject a drug into the

14



region in which the electrode is inserted. The el ectro-optrode neural
interface according to the present invention is formed by conbining a mcro
el ectrode for recording a neural signal and a stinulation electrode, has 5
high long-termstability, and is configured such that a neural electrode is
formed using the LCP film50 conprising the LCP el ectrode | ayer and the
adhesi ve sheet 20 integrated with each other, and the optical fiber 10 is
surrounded therewith. The neural electrode using the LCP film 50 conprising
the 10 LCP el ectrode | ayer and the adhesive sheet 20 integrated with each
other plays a role in recording the neural signal and performng nultiple
functi onseg i uih whisdrechel eakbestodall B i Dsertradg del i very, etc., and the
optical fiber 10 is responsible for recording the neural signal and for the
15 functi on oTh¢helstdtma-ebrondel estumade. interfacehs achordsngaltsi gheal
recording el ectrode and the stinulation electrode are integrated with each
ot her, . t REegRet FoRNGIeds SRreear BY | 6ﬁmh@é1-m)rﬂ ynlb?éf%@%ﬁ%tr@@eoﬁ@é t hus
shortenlng?the eration tinme, 20The Slectro opt rode neuyr al gter

accor di ng pPesdtralnvetvioh PEdald eSHL™ tJtCﬁb BpEFERPTi b as an
e”dos9Opﬁléﬂdléﬁé’&é!@x?t&%ﬁofl'l%y‘EefaﬁBr @E Q!}ﬂ?ggd&':éeéudf that a neural

electrode is formed using the LCP film 50 comprising the LCP
electrode layer and the adhesive sheet 20 integrated with each
other, and the optical fiber 10 is surrounded therewith.

The neural electrode using the LCP film 50 comprising the

10 LCP electrode layer and the adhesive sheet 20 integrated with
each other plays a role in recording the neural signal and
performing multiple functions including electrical
stimulation, drug delivery, etc., and the optical fiber 10 is
responsible for recording the neural signal and for the

15 function of the stimulation electrode.

As the neural signal recording electrode and the
stimulation electrode are integrated' with each other, the
electrode insertion operation need only be completed once,
thus shortening the operation time.

20 The electro-optrode neural interface according to the
present invention is able to use the optical fiber as an
endoscope and thus whether the cerebral blood vessel is
present or not may be observed with the naked eye in real time
using the overall reflective property of the optical fiber.

25 Also, when the integration of peripheral circuits is
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present or not may be observed with the naked eye in real time using the
overall reflective property of the optical fiber. 25 Al so, when the
integration of peripheral circuits is acconplished, the el ectro-optrode
neural interface according to the present invention enables the direction
of electrode entry to be changed variously like in the case of currently
used endoscopes, and may thus be developed into a future 5 el ectrode that
is inserted up to the stinulus position while avoiding causi ng danage to
cerebral blood vessels, inlieu of the |inear electrode insertion which is
currently mainly perforned. Utimately, difficulties in nonitoring the
posi ti onactoimprishett r ode alecspbvedtrddd hbough dhtesifaces awatoreingr el y
avoi ded when using external materials, the stimulation electrode of the

i nvent i ohoi $hen wpsdsecdl Bhessthicde erAlvesantpt Asaecteéennpfueelantrodas
stinmulation of tissue usgggbthe optlcal electrode, nanely, optical

sti mul at PBRYYi §op&ssiHaa ike i r BRRAS2ES Ofe Cé’rri,;@tnrt&éfe
ety LA AR oL 3 1o S g it b oo g
f?|52§rg%$§8?%°§§VEH ﬁ?gs'iﬁgg§e%ect§ ggl@ﬂéméééyﬁihgr%Q%ﬁt&%thEhlé' 20As
avoiding causing damage to cerebral blood vessels, in lieu of
the linear electrode insertion which is currently mainly
performed. Ultimately, difficulties 1in monitoring the
position of the electrode are sdlﬁed.

10 Althdugh gliosis is not entirely avoided when using
ekternal materials, the stimulation electrode of the invention
is an optical electrode using an optical technique and thus
stimulation of tissue using the optical electrode, mnamely,
optical stimulation, is possible even when gliosis surrounds

15 the electrode, thereby solving problems of gliosis caused by
the immune response, etc.

The method of manufacturing the electro-optrode neural
interface according to the present invention is described
below with reference to FIG. 4.

20 As illustrated in FIG. 4a, an LCP electrode layer 30,
which is pre-manufactured in a long tape form, an adhesive
sheet 20, and an optical fiber 10 that withstands a
temperature of about 300°C are prepared. The pre-manufactured
LCP electrode layer 30 may be integrated with the adhesive

25 sheet 20 using a semiconductor process, and the LCP electrode
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which is pre-manufactured in a long tape form an adhesive sheet 20, and an
optical fiber 10 that withstands a tenperature of about 300C are prepared.
The pre-nmanufactured LCP el ectrode |layer 30 nmay be integrated with the
adhesi ve 25 sheet 20 using a sem conductor process, and the LCP el ectrode

| ayer and t he adhesive sheet, which are integrated with each other, refer
to an LCP sanple 50. For the sake of description, the manufacturing nethod
using the LCP sanple 50 is described. 5Subsequently, as illustrated in FIG
4b, the LCP sanple 50 is densely wound on the optical fiber 10, and the
optical fiber 10 is nechanically held to a cylindrical optical fiber fixer
60. As sliepertdmedophecatihéslee &hees, hehilchyalbei igtpgkrheddatviah each
predeterm ned tension so that pressure applied to 10 the LCP sanple 50 is
mai nt ai netheonstegfier to Bubdétfiermampleas 50| ust Fared the Feeke4coft he
right is _a cross-sectional viewin the arrow direction), the RPi ared LCP

sanpl e 5@3?%r19§&9ﬂ1|§F%iWﬂﬁ%ﬁaQEﬂqﬁnﬁom&ﬁﬁoﬂeHFéagwﬁpﬁeLsglﬁ@ aP&8d. The

heat i ng tengeéggqge is set so that the

5 Subsequently, as illustrated in FIG. 4b, the LCP sample
50 is densely wound on the optical fiber 10, and the optical
fiber 10 is mechanically held to a cylindrical optical fiber
fixer 60. As such, the optical fiber 10 is held by being
pulled at a predetermined tension so that pressure applied to

10 the LCP sample 50 is maintained constant.

Subsequently, as illustrated in FIG. 4c (the right is a
cross-sectional viéw in the arrow direction), the prepared LCP
sample 50 is placed in a metal mold 70 and heated while being
rotated. The heating temperature is set so that the

15 temperature applied to the LCP sample 50 is about 275 ~ 280°C,
and the LCP sample 50 is rotated in non-contact type so as not
to come into direct contact with the metal mold 70. This is
intended to prevent thermal deformation of the optical fiber
10, which is unnecessary and undesirable. In the drawing, the

20 reference numeral 72 is an aligmment pin of the LCP 50 and the
metal mold 70.

As an alternative heating process, as illustrated in FIG.
4d (the right is a cross-sectional view 'in the arrow
direction), the prepared LCP sample 50 is placed in a metal

25- mold 70 and heated. A repulsive layer 80 made of Teflon is
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15 tenperature applied to the LCP sanple 50 is about 275 - 280C, and the
LCP sanple 50 is rotated in non-contact type so as not to cone into direct
contact with the nmetal nold 70. This is intended to prevent thermnal
deformation of the optical fiber 10, which is unnecessary and undesirabl e.
In the drawing, the 20 reference nuneral 72 is an alignnent pin of the LCP
50 and the netal nold 70. As an alternative heating process, as illustrated
in FIG 4d (the right is a cross-sectional viewin the arrow direction),
the prepared LCP sanple 50 is placed in a netal 25 nold 70 and heated. A
repul sive layer 80 nmade of Teflon is disposed between the optical fiber 10
and t he daespbsad|isbtifrdam thiedepttiocapr éveat 1heamd edig ocrallayeldf romihei ng
.nelted and attached to the netal nold 70 during the heating. The heating

t enper at ox@er s toetpryeritat theeel erprrde uiayapplivsn theinge nebtednphd 50 is
about 275 - 280C. This case_is performed when heat resistance of the
optical #FeRehad §x W@yﬂefﬁag}hfnoiﬁdmsd&mﬂaﬂt’é]@%o%atﬁé’t‘,’ausgf’t%@eﬁltéélgss time

is short and the roughness of t entire electrode is not her

h | ow.
LTt or ot FOBS R T (RRe ss0 LA i SR SH026, GEBLE SR bRy PRy LeBe
non- cant get{ ypecang Uie, gogtact. Lygs ey e perlar edy i Ll ysipabed in
FI G e

rig s a croSs-sectional viewin e arrow diréection), the

m xed hegltiPIr-PEPSESSd SoPerhor 8BHi Y1 ESIPOS| D§ as' 6B, ShYSh! ayay 89
bet ween the LCP sanple 50 and the netal nold 70 and periodically tapping

the LCP satphtaddblly the-dikial thel dpfBcassa tofell ais t esfeatal aingt ecwal , that
is, repeatedly applying predeterm ned pressure. Furthernore, the LCP sanple
50 i s heateghndsd eothdiheg enttiabedlenttdade et alowwl d 70. The heating
tenperature is set so that the tenperature applied to the LCP 20 sanple 50
i s about 275 As28pgcthary eléewrpabivephgatingopkecedso perizghc heafiagt with

the LCP sanple 50, the therpal deformation of the optical fiber 10, which
i s unfecB¥SE?TS ahBClNGERY r &bfe NS CpREFERt dyPe and the contact type

may be performed. As illustrated in FIG. 4e.(the right is a
.cross—sectional view in the arrow direction), the mixed
heating process is performed by disposing a repulsive layer 80
between the LCP sample 50 and the metal mold 70 and
15 periodically tapping the LCP sample 50 by the metal mold 70 at
a regular temporal interval, that 1is, repeatedly applying
predetermined pressure. Furthermore, the LCP sample 50 is
heated while being rotated in the metal mold 70. The heating
témperature is set so that the temperature applied to the LCP
20 sample 50 is about 275 ~ 280°C. As the metal mold 70 comes
into periodic contact with the LCP sample 50, the thermal
deformation of the optical fiber 10, which is unnecessary and
undesirable, is prevented. .
The above-mentioned heating process enables the LCP

25 electrode layer to be melted by means of heat and pressure so
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The above-nenti oned heating process enables the.LCP 25 el ectrode |ayer to
be nelted by nmeans of heat and pressure so as to attach the adhesive sheet
and the optical fiber to each other. This refers to lam nation. Wile the
LCP el ectrode layer is nelted under predeterm ned tenperature and pressure
conditions, it is coupled to the optical fiber. S5After conpletion of the
‘heating process, as illustrated in FIG 4f, the tip of the optical fiber
10, which is unnecessarily long, is cut using manufacturing the

el ectro-optrode according to the present invention. 10 Finally, as
illustrated in electrode site 40 is attached to optrode neural interface
100. I n &Bt ebf ageatl0rhthadpesivOnNsHEEt eand Xes asht iscdlesagRst Me daeh

recording the neural signal using 15 the optical signal, checking for the
pr esenceobhetrhe CBriebrdfdrsoorb veasihatipmn anWkliket thde LA exlecurodger at i on
to execute optical sinulation, and neasuring the reflectance of the optical
si gnal duavey tise neld@d iwnlen rdrgtarmmingdsitampereturhe angds pnespure
el ectro-optrode neural jnterface may be nonjtored

conditions, it is coupled to” the optical fiber.

5 After completion of the heating process, as illustrated
in FIG. 4£f, the tip of the optical fiber 10, which is
unnecessarily long, i1is cut wusing a fiber cutter, thus
manufacturing - the electro-optrode neural interface 100
according to the present invention.

10 Finally, as illustrated in FIG. 4g, a stimulation
electrode site 40 is attached to the manufactured electro-
optrode neural interface 100. In the electro-optrode neural
interface 100, the portion where the optical fiber 10 is
exposed is responsible for recording the neural signal using

15 the optical signal, checking for the presence of the cerebral
blood vessel upon an electrode insertion operation to execute
optical simulation, and measuring the reflectance of the
optical signal during the insertion, so that the position of
the inserted electro-optrode neural interface may be monitored

20 in real time. Even when gliosis occurs, deep brain
stimulation effects ﬁay be induced via optical stimulation.

The stimulation electrode site 40 wherein the electrical
éignal is recorded and the electrical stimulation is executed

may have multiple channels depending on the type of design,

25 and impedance or charge injection limit may become diversified
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20 in real time. Even when gliosis occurs, deep brain stinulation effects
may be induced via optical stinulation. The stinmul ation el ectrode
site 40 wherein the electrical signal is recorded and the el ectri cal
stinmulation is executed may have multiple channel s depending on the type of
. design, 25 and inpedance or charge injection limt may beconme diversified

. depending on the material for the site. FIG 5 illustrates another
process of manufacturing the electro-optrode neural interface. As
illustrated in FIG 5, a prepared LCP sanple 50 is 5 disposed at upper and
| ower positions of an optical fiber 10, and a repulsive layer 80 is

di sposeddépendary tdre tiyet meakriabefoit Otlandsicceret al nold 70, and the :
resulting sanple is placed in the netal nold 70. Subsequently, the netal
mold 70 i s heBf€d. SAdddrarngrgs apother Loposaspl efsmapufpgsunppgr thad | ower

positions_of the optical fiber 10 is fused and transforned so as to
sur r oundStREEEPITRIGICNE BEHTED. 1BEFTHRFE he heating, the transformation of

for a prodet ek AdUBEFFEREof &t L i1 cf PSSRATER MEHt IFYLE o r8d out
under spr §$spE e Cat NAbpdNeu e 4G LIRS/ &8 SrARYPHL 215 £1p880%0,

and a repulsive layer 80 is disposed between the optical fiber

10 and a metal mold 70, and the resulting sample is placed in

the métal mold 70.

Subsequently, the metal mold 70 is heated. Accordingly,

10 the LCP sample 50 at the upper and lower positions of the
optical fiber 10 is fused and transformed so as to surround
the optical fiber 10. During the heating, the transformation
of the LCP sample 50, that is; low-temperature LCP material is
induced at 270°C for a predetermined period of time, after

15 which heating is -carried out under pressure so that the
heating temperature is about 275 ~ 280°C.

Subsequently, a necessary portion is cut using laser
processing, and a heating process 1is performed, thereby
forming a final electro-optrode neural interface.

20 FIG. 6 1is a perspective view illustrating an electro-
optrode neural interface according to . another embodiment of
the present invention. As illustrated in FIG. 6, the electro-
optrode neural interface 200 according to another embodiment
of the present invention includes a substrate portion 210 made

25 of high-temperature or low-temperature LCP, electrode portions
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Subsequently, a necessary portion is cut using |laser processing, and a
heating process is perfornmed, thereby formng a final electro-optrode

neural interface. 20FIG 6 is a perspective viewillustrating an el ectro-
optrode neural interface according to another enbodi nent of the present
invention. As illustrated in FIG 6, the electro- optrode neural interface

200 according to another enbodi nent of the present invention includes a
substrate portion 210 made 25 of high-tenperature or | owtenperature LCP,
el ectrode portions 220 fornmed on the upper side of the substrate portion
210 and spaced apart from each other to collect biosignals and to transfer
t he col | 220 efotmasignatiss @pkrarsia radeclpordulmtra4e fportrédnoflohendpper
side of the substrate portion 210 between 5 the el ectrode portions 220 to
form an spadedl aphett riogm peachowther to Theldkett ruasjonede ianckrface 200
according to the present_invention is connected to an inplanted device (not

shown), SHARHERY Hihssi ghatectast IRiqsigrpdsyi podard® (APAFOAer Pegtion 240

formed on the upper side of the substrate portion 210 between
S the electrode portions 220 to form an 'optical electrode
portion.

The electro-optrode interface 200 according to the
present invention is connected to an implanted device (not
shown), so that biosignals collected in vivo are transferred

10 to the implanted device, and the implanted device performs
signal processing, storage and analysis of the transferred
biosignals and sends the obtained results to the outside.

The electrode portions 220 are formed by patterning a
metal such as Au on the substrate portion 210. The electrode

15 portions 220 may be formed with a multi-channel electrode, or
may be formed using a MEMS process.

The optrode portion 240 is formed by patterning a
patternable transparent material, that is, a photopolymer such
as SU-8, and may be formed to be a desired size, enables light

20 to pass therethrough, and may be formed using a MEMS process.

The substrate portion 210 functions to protect the
electrode portions 220 and the optrode portion 240, and is
made of LCP, especially iow—temperaturé LCP.

With reference  to FIG. 7, the electré—optrode neural

25 interface 200 further includes a cover portion 260 layered on
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10 to the inplanted device, and the inplanted device perforns signal
processi ng, storage and analysis of the transferred biosignals and sends
the obtained results to the outside. The el ectrode portions 220 are
formed by patterning a netal such as Au on the substrate portion 210. The
el ectrode 15 portions 220 nmay be fornmed wth a multi-channel electrode, or
may be fornmed using a MEMS process. The optrode portion 240 is forned
by patterning a patternable transparent naterial, that is, a photopol yner
such as SU-8, and may be fornmed to be a desired size, enables light 20 to
pass therethrough, and may be fornmed using a MEMS process. The
subst r at enpordubenrate fpmeticns2to pot st tde plctetrodehgoriliecnsod@0 and
the optrode portion 240, and is nade of LCP, especially |owtenperature
LCP. portionaNadd eekeritbrceptoof GoRtiathe4dl.ect r o- opt rode neural 25
interface 200 further includes a cover portion 260 | ayered on the
substrate porThencUer RPHEE Ay 2500t ec Eormnaderetid it FHaSSaRg 220t8ARd t he

optrode portion 240. The cqver portiop 26Q is forned using.hot
pr essi ngSERE RS BT 330t AB! ?ﬁogagﬁdogsh+éﬁﬁ§§ﬂ99ﬁ Teefther¥ire or

oo o' ETRELAA 0, OB, YRRty UL BN L G aool et rate
| ow-t enpgrature d GhorRyohex psldi t ranahky dee@uidrethiRpl-weabet-Reustbsipat e
portion 210 and the cover portion 260.
an adhesive layer of low-temperature LCP may be additionally
required between the substrate portion 210 and the cover
| portion 260.

10 The electro-optrode neural interface according to another
embodiment of the present invention is manufactured as
illustrated in FIG. 7.

The upper side of a substrate portion 210 having an
approximate rectangular shape is subjected to Au patterning,

15 thus forming electrode portions 220 extended in a longitudinal
direction of the substrate portion 210 and spaced apart from
each other. Subsequently, the space between the electrode
portions 220 is patterned with a photopolymer such as SU-8 so
as not to overlap with the electrode portions 220 formed on

20 the substrate portion 210, thus forming an optrode portion
240. |

A cover portion 260 made of LCP is placed on the
substrate portion 210 having the electrode portions 220 and

the optrode portion 240 formed thereon and then laminated. As

25 such, the cover portion 260 is laminated so as to provide
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10The el ectro-optrode neural interface according to another enbodi nent of
the present invention is manufactured as illustrated in FIG 7. The
upper side of a substrate portion 210 having an approxi nate rectangul ar
shape is subjected to Au patterning, 15 thus form ng el ectrode portions 220
extended in a longitudinal direction of the substrate portion 210 and
spaced apart from each other. Subsequently, the space between the el ectrode
portions 220 is patterned with a photopol yner such as SU-8 so as not to
overlap with the el ectrode portions 220 forned on 20 the substrate portion
210, thus form ng an optrode portion 240. A cover portion 260 made of LCP

I s pl acedxpostihe suhstibate poztizom 22@chavthivh t espekect parties pasft | ahe 220
and the optrode portion 240 formed thereon and then | am nated. As 25 such,
the coveelporroédm ZeTtisntardatht eddsothes totperdei dwrtaxposase. por Thens 242
and 246 whi ch expose parts of the el ectrode portions 220 and the optrode
porti on SAPOSUYFR RPIsiATe Pk i of 24801Med oGhoSee| §Se (B hd IseEELPRon

direction; of .t 08, POMend W KON MLG0LPLASLANL Se AL 8 @ 1 ectea.
5 The exposure portion 246, which is located opposite to the
expdsure portion 242, functions to transfer the biosignals
collected by the exposure portion 242 to an implanted device
(not shown) .
| Subsequently, a part of the substrate portion 210 other
10 than the electrode portions 220 and the optrode portion 240
formed on the substrate portion 210 laminated with the cover
portion 260 is cut using a laser, thus manufacturing the
electro—optrode neural interface 200 as illustrated in FIG. 6.
To comnect a feed-through 280 to the manufactured
15 electro-optrode neural interface 200, alignment holes 262 are
formed in the interface, and the feed-through 280 is connected
using the alignment holes 262. |
The feed-through 280 includes an electrical cable 282 so
that the electrode portions 220 are connected to an electrical
20 circuit element of the implanted device, and the optrode
portion 240 1is connected to a measurement eiement of the
implanted device which measures. the generation of an optical
signal. The feed-through is c¢oated with an insulating.
material so as to prevent it from being exposed to the

25 outside.
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5 The exposure portion 246, which is |ocated opposite to the exposure
portion 242, functions to transfer the biosignals collected by the exposure
~portion 242 to an inplanted device (not shown). Subsequently, a part of the
substrate portion 210 other 10 than the el ectrode portions 220 and the
optrode portion 240 forned on the substrate portion 210 lam nated with the
cover portion 260 is cut using a laser, thus manufacturing the

el ectro-optrode neural interface 200 as illustrated in FIG 6. To connect a
f eed-through 280 to the manufactured 15 el ectro-optrode neural interface
200, alignnment holes 262 are forned in the interface, and the feed-through
280 i s connechRithosging the abrghsenédhokmbo@bfiBents of Thaef egadrelsenough 280
i ncludes an electrical cable 282 so that the el ectrode portions 220 are
connect ednventicr| ecegandinp0 the cuk¢Pdiagrsht @feqtiro-optiradeed ng¢arirde, and
the optrode portion 240 is connected to a neasurenent el enent of the

i mpl ant edRE8TFREE W htheadgFeedt RE JEREEACLUR1BE &RSoFEMEalaCSFRARI The

feed-th ' d with ' | at.i i al ] it f
bei ng oxPHeBRSt BEPRe s  Bural e have beh (i fAche SR A B8 rente
- of tha pegsgaL.L Nvanld onyieardi ng.LhesbCP- basedoel epti bt rade ey a

ace a od o

i nter d the net manuf acturing the sanme according to the present
i nvent i oemBademdyeed) G |toeRd SRE1NbEUSHT Bhé VEr® R POSSSrediRR® Pi-asent
invention is not limted to such enbodi nents, and those skilled in the art
wil | appraciahe thedifachoisnapdi fadddtions, adtiti eo®santdusidesd it akeons are
possi bl e, without departing fromthe scope and spirit of the invention as
disclosegosﬁibhe,a@tbmyamydqggxﬁkngﬁirom the scope and spirit of the

invention as disclosed in the accompanying claims.

10
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10 CLAI M5 1. Aliquid crystal polyner (LCP)-based el ectro-optrode
neural interface, conprising: 5an optical fiber, which is extended to be
insertable into a body and is positioned at a core thereof so as to form an
optical electrode portion; and an LCP sanpl e surrounding the optical fiber,
wherein the LCP sanple includes an adhesive sheet and an 10 LCP el ectrode

| ayer surroundi ng the adhesi ve sheet and coupled to the adhesive sheet.

2. The electro-optrode neural interface of claiml, wherein the optical
fiber conprises a material which 15 withstands a tenperature of 280 - 290C
3. The el ectro-optrode neural interface of claim1, wherein the LCP

el ectrode | ayer includes an el ectrodBAIMS an el ectrical stinulation site
made of a multi-channel netal 20 |ayer using a sem conductor process or a
MEMS process,

1. A liquid crystal polymer (LCP)-based electro-optrode
neural interface, comprising:

5 an optical fiber, which is extended to be insertable into
a body and is positioned at a core thereof so as to form an
optical electrode portion; and

an LCP sample surrounding the optical fiber,
wherein the LCP sample includes an adhesive sheet and an
10 LCP electrode layer surrounding the adhesive sheet and coupled

to the adhesive sheet.

2. The electro-optrode neural interface of claim 1,
wherein the optical fiber comprises a material which

15 withstands a temperature of 280 ~ 290°C.

3. The ' electro-optrode neural interface of claim 1,
wherein the LCP electrode layer includés an electrode of an
electrical stimulation site made of a multi—channel metal

20 layer using a semiconductor process or a MEMS process,

the electro-optrode neural interface includes an
interface made of the optical fiber to perform optical neural
signal recording and stimulation, and

the electrical stimulation site includes a fluidic

25 channel configured to inject a drug into a region where the
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the el ectro-optrode neural interface includes an interface nade of the
optical fiber to performoptical neural signal recording and stimulation,
and the electrical stimulation site includes a fluidic 25 channel
configured to inject a drug into a region where the electrode is inserted,
in addition to current/optical signal recording and stimnulation.

4. A nmethod of manufacturing an LCP-based el ectro-optrode 5 neural
interface, conprising: wi nding an LCP sanple on an optical fiber;

heating the LCP sanple wound on the optical fiber using a netal nold so
that the LCP sanple is lam nated on the optical fiber; and 10cutting an
unnecess&leactrigieof 14 heneptted) ihnbeddiafbnated cvirtdentliept CPasaepbaalt hus
form ng the el ectro-optrode neural interface. 5. The met hod of

cl ai m 4, redmrding tadmel Is¢atmuhgttonpri ses 15 placing the LCP sanpl e wound on
the optical fiber in the metal nold and heating .it while being rotated, and
the nmetal nold and the LCP sanple do not cone into direct contact with each

ot her. )
4. A method of manufacturing an LCP-based electro-optrode

5 mneural interface, comprising:
winding an LCP sample on an optical fiber;
heating the LCP sample wound on the optical fiber using a
metal mold so that the LCP sample is laminated on the optical
fiber; and
10 cutting an unnecessary tip of the optical fiber laminated
with the LCP sample, thus forming the electro-optrode neural

interface.

5. The method of claim 4, wherein the heating comprises

15 placing the LCP sample wound on the optical fiber in the metal
mold and heating it while being rotated, and the metal mold
and the LCP sample do not come into direct contact with each

other.

20 6. The method of claim 4, wherein the heating is
performed so that a temperature applied to the LCP sample is

275 ~ 285°C.

7. -The method of claim 4, wherein the heating comprises

25 placing the LCP sample wound on the optical fiber in the metal
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206. - The nmethod of claim4, wherein the heating is performed so that a

tenperature applied to the LCP sanple is 275 - 285C. 7. The
met hod of claim4, wherein the heating conprises 25 placing the LCP sanple
wound on the optical fiber in the metal nold and heating it. 8. The

met hod of claim4, wherein the heating conprises placing the LCP sanple
wound on the optical fiber in the netal 5 nold and heating it while being
rotated, and is perforned in such a manner that the LCP sanple is '
periodically tapped by the netal nold at a predeternined tenporal interval.
9. The nmethod of claim4, wherein the heating conprises 10 di sposing the
LCP sammc chtandppeentand fower positions of the optical fiber, placing the
LCP sanple and the optical fiber in the netal nold, and heating them

10. An LCP-based el ectro-optrode neural interface, 15 conprising: a

substrate portion made of LCP; , . . .
8. The method of’ claim 4, wherein the heating comprises

placing the LCP sample wound on the optical fiber in the metal
5 mold and heating it while being rotated, and is performed in
such a manner that the LCP sample is periodically tapped by

the metal mold at a predetermined temporal interval.

9. The method of claim 4, wherein the heating comprises
10 disposing the LCP sample at upper and lower positions of the
optical fiber, placing the LCP sample and the optical fiber in

the metal mold, and heating them.

10. An LCP-based electro-optrode neural interface,

15 comprising:

a substrate portioﬁ made of LCP;

electrode portions .formed on an upper side of the
substrate portion to collect biosignals and to transfer the
collected biosignals;

20 an optrode portion formed on the upper side of the
substrate portion so as not to overlap with the electrode
portions in order to form an optical electrode portion; and

a cover portion made of LCP, protecting the electrode
portions and the optrode portion, and laminated on the

25 substrate portion using hot pressing so as to expose a part of
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el ectrode portions formed on an upper side of the substrate portion to
collect biosignals and to transfer the coll ected biosignals; 20an optrode
portion fornmed on the upper side of the substrate portion so as not to
overlap with the electrode portions in order to forman optical electrode
portion; and a cover portion nmade of LCP, protecting the el ectrode
portions and the optrode portion, and |am nated on the 25 substrate portion
usi ng hot pressing so as to expose a part of the optrode portion.

11. The el ectro-optrode neural interface of claim10, wherein the electrode
portions are forned by patterning a 5 netal material on the substrate
portion.the optrotie. pblreiehect r o- optrode neural interface of claim 10,
wherein the optrode portion is formed by patterning a photopol yner on the
substrate portion. 10 +13. A nethod of manufacturing an LCP-based

el ectrooptrode neural interface, caonprisin
P 11. The electro—optrod.gp neuréi

interface of claim 10,
wherein the electrode portions are formed by patterning a

5 metal material on the substrate portion.

12. The electro-optrode neural interface of claim 10,
wherein the optrode portion 1is formed by patterning a

photopolymer on the substrate portion.

10
13. A method of manufacturing an LCP-based electro-
optrode ﬁeural interface, comprising:
forming electrode portions on an upper side of a
substrate portion made of LCP;

15 forming an optrode portion on the upper side of the
substrate portion so as not to overlap with the electrode
portions;

laminating a cover portion made of LCP on the substrate
portion so as to expose a part of the optrode portion; and

20 cutting a region of the substrate portion other than the
electrode portions and the optrode portion of the substrate -
portion laminated with the cover portion, thus manufacturing
the electro-optrode neural interface.

.25 : 14. The method of claim 13, further comprising:
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formng el ectrode portions on an upper side of a substrate portion nade of
LCP; 15form ng an optrode portion on the upper side of the substrate
portion so as not to overlap with the el ectrode portions; | am nati ng
a cover portion made of LCP on the substrate portion so as to expose a part
of the optrode portion; and 20 cutting a region of the substrate portion
other than the el ectrode portions and the optrode portion of the substrate
portion lam nated with the cover portion, thus manufacturing the
el ectro-optrode neural interface. 2514. The nethod of claim 13, further
. conpri sing: formng an alignment hole in the el ectro-optrode neural
interface; anforming &@nadiihmentt hekd- thr atgh dlectire-epecodde- nptirate
neural interface using the alignment hole.

interface; and '

connecting a feed-through to the electro-optrode neural

interface using the alignment hole.
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