A PROBE DEVI CE AND A METHOD OF FABRI CATI NG THE SAME Cross- Ref erence
To Rel ated Application 5t0001] This application clains the benefit of
priority of Singapore patent application No. 201200998-1, filed 13
February 2012, the content of it being hereby incorporated by
reference in its entirety for all purposes. Technical Field 10 [0002]
Various enbodi ments relate to a probe device and a nethod of
fabricating thg pRO‘EDENCE ANBACKETOIONS OFFARRIEATING THE SAME

M croel ectronmechani cal systens (MEMS) devices are particularly

prom sing as neuronal recording tools due to their small dinensions,

suitability for nulti-elggégggqugégfghgﬁt({RE@ﬂ&ﬁgkon wi th on-chip
el ectronics, and inpl ant Tty. sfully
denonstrated el ectrical mcroprobes nade fromsilicon that are
suitable f neurqnal. recording. Thesg silicaon_m croprobes w.th
Cypi oo OBy TR it SRS Hrbanres herenty Canthe PaSE mRUrHn
ti ssue WNHOWI 20089811 NE1ed 119 HebieAN0 10 @ EBntebQXIqHeiNENBe il Eib GBSratc@ by
extracel |l ul ar neuronal recording are at a point where structures

capabl e offesrueain isentegipfaigllEamess. and sem chronic) in the centra
ner vous

Technical Field
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[0002] Various embodiments relate to a probe device and a method of fabricating the
probe device.
Background
15

[0003] Microelectromechanical systems (MEMS) devices are particularly promising as
neuronal recording tools due to their small dimensions, suitability for multi-electrode
recording, integration with on-chip electronics, and implantability. Research has
successfully demonstrated electrical microprobes made from silicon that are suitable for
20  neuronal recording. These silicon microprobes with typical cross-sections of tens of
micrometers can penetrate living tissue without causing significant trauma.
[0004] MEMS devices for extracellular neuronal recording are at a point where structures
capable of detailled mapping (acute and semi chronic) in the central nervous
system (CNS) can be fabricated. With the success of the work on cochlear and
25  Parkinson’s [deep brain stimulation (DBS)] implénts, it is clear that extracellular MEMS
neuronal intervention devices have great promise. However, the mechanical mismatch
between the stiff probe and the soft biological tissue can aggravate inflammation at the
implantation site.
[0005] Micromotion is the relative movement between the implant and the brain tissue.
30  Brain pulsations can be attributed to changes in intracranial pressure due to breathing and

the cardiac pulse. For implants which are tethered to the skull, micromotion can also
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20  cortex will be large as the biodegradable core material is the bulk of the neural probe.

Summary

[0007] According to an embodiment, a probe device is provided. The probe device may
25  include a flexible probe that is implantable into a biological tissue, a rigid carrier, and a
biodegradable material received in a recess defined between the flexible probe and the
rigid carrier, the biodegradable material bonding the flexible probe and the rigid carrier to
each other, wherein the biodegradable material is dissolvable in the biological tissue such
that the flexible probe and the rigid carrier are separable and the rigid carrier is removable
30 from the biological tissue, and wherein the biodegradable material is capable of drug

delivery upon dissolution.
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Brief Description of the Drawings

[0010] In the drawings, like reference characters generally refer to like parts throughout
20  the different views. The drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following
description, various embodiments of the invention are described with reference to the
following drawings, in which:
[0011] FIG. 1A shows a schematic block diagram of a probe device, according to various
25  embodiments.
[0012] FIG. 1B shows a flow chart illustrating a method of fabricating a probe device,
according to various embodiments.
[0013] FIG. 1C shows a schematic block diagram of a probe device, according to various
embodiments.
30 [0014] FIG. 2A shows a schematic perspective view of a probe device, according to

various embodiments.



20 the different views. The drawi ngs are not necessarily to scale,
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10~ cortical implantation.

[0020] FIG. 4D shows a microscopy image of a silicon-PEG-silicon probe device after

submerging in artificial cerebrospinal fluid (a-CSF).

[0021] FIGS. 4E and 4F show microscopy images of a silicon-PEG-silicon probe device

after cortical implantation on an unwetted cortical surface.

15

Detailed Description

[0022] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
20 may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized and
structural, logical, and electrical changes may be made without departing from the scope
of the invention. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to form new
25  embodiments.
[0023] Embodiments described in the context of one of the methods or devices are
analogously valid for the other method or device. Similarly, embodiments described in
the context of a method are analogously valid for a device, and vice versa.
[0024] Features that are described in the context of an embodiment may correspondingly
30 be applicable to the same or similar features in the other embodiments. Features that are

described in the context of an embodiment may correspondingly be applicable to the



[0020] FIG 4D shows a mcroscopy inmage of a silicon-PEG silicon
probe device after submerging in artificial cerebrospinal fluid
(a-CSF). [0021] FIGS. 4E and 4F show m croscopy inages of a
silicon-PEG silicon probe device after cortical inplantation on an
unwetted cortical surface. 15 Detailed Description [0022] The
foll ow ng detailed description refers to the acconpanyi ng draw ngs
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[0029] Various embodiments may relate to the field of microfabricated neural implants.

15  Various embodiments may be related to long term chronic recording neural probes, and
may be employed in applications related to long term chronic neural implant.
[0030] Various embodiments may provide a neural probe that may uncouple the
requirements of a long term implanted probe, which may be flexible, from the
specifications needed for minimally damaging insertion, that may require stiff, sharp,

20  straight probes that may be inserted relatively fast but under control. Various
embodiments may also enable drug delivery in the neural probe.
[0031] Various embodiments may provide a flexible polyethylene glycol (PEG) Parylene
neural probe with a retractable silicon (Si} backbone, with drug delivery capability.
Various embodiments may provide a microfabricated flexible Parylene based neural

25  probe that may be attached to a silicon (Si) backbone through a temporary glue, for
example Polyethylene glycol (PEG). In various embodiments, retraction of the stiff
silicon (Si) backbone may be carried out upon dissolution of the PEG in a biological
tissue, e.g. cortex. The Si backbone (stiff component) may be retracted in a hydrophilic
environment. The neural probe may also enable drug delivery during dissolution of the

30  temporary glue (e.g. PEG) during implantation.



5[ 0025] In the context of various enbodinments, the articles "a", "an"
and "the" as used with regard to a feature or elenent includes a
reference to one or nore of the features or elenents. [0026] In the
context of various enbodi nents, the phrase "at |east substantially"”
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del i v]é’ry Flity. Various enbodi ments may provide a

m cr of abr[[)@ﬁ;] etheldpproatl 6 b 8RLLIRSRE AP YFA4de one or more of the following:
1) reduction of mechanical mismatch between the brain tissue and the probe, which may
eventually lead to reduced inflammatory reaction and hence reduced encapsulation of the
probe. Therefore, the design of various embodiments may address the challenges for a

15 long term recording probe by uncoupling the requirements of a long term implanted
probe (flexibility) from the specifications needed for minimally damaging insertion (stiff
sharp straight probes that may be inserted relatively fast but under control); 2) having a
stiff but retractable backbone to enable flexible probe penetration with the same ease as
conventional silicon (Si) probe penetration; 3) integrated drug delivery upon dissolution

20  of the temporary glue (biodegradable material); and 4) a design wherein biosafe materials
may be left in the brain without the long term effects of stiff degradable insertion shuttles
(possible examples include but are not limited to a porous Si or a bioglass based
penetrating shank).

[0034] Various embodiments may further provide a method to integrate a temporary glue

25 (e.g. PEG) in the microfabrication of a flexible neural probe with a stiff backbone, such
that the flexible and stiff portions of the probe may be lithographically defined and
positioned, relative to each other, for assembly of the flexible and stiff portions of the
probe.

[0035] Various embodiments may provide an approach in engineering the fabrication to

30  incorporate a biodegradable temporary glue to sandwich the stiff and flexible components

of the neural probe.
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[0039] In various embodiments, the biodegradable material 106 may further include

30  drugs and/or steroids that may be releasable on the dissolution of the biodegradable



5 the bi odegradable material 106 bonding the flexible probe 102 and
the rigid carrier 104 to each other, wherein the biodegradable
material 106 is dissolvable in the biological tissue such that the
flexible probe 102 and the rigid carrier 104 are separable and the
rigid carrier 104 is renovable fromthe biol ogical tissue, and
wherein the bi odegradable material 106 is capable of drug delivery
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illustrated to show the relationship anong the flexible probe 102,

t he ri gi ctaseids may be Gelcasehevdsia pddog .e material 106 and the recess
108, whi I 003

ecess 10N iGN TR RGN FToF R mPe 107 B Thts® abls T pat Befifoge™
carrier JdBAngematV\hn dyeitioa dfrﬁCdSﬂlelﬂBulﬂarpﬁ@denﬂ)Qa ahd ad @gisndadlcentact pad
materialoei he 15 $| od Ieatgaterlal g acts s an adheswe
or a Bondi%gis érﬁOUPla Bt treiie ¢ £ERRFigPach Beipg sonbe e gy elegigioal
and the rdogbl%gctarah'eﬁferrﬂa@é'lr&ﬁt §86 thsBiibe knd YN@P ﬂ%ﬁﬁlaq;rg&ewitelﬁé&@ tHeQd! S

inplanted into a biological tissue (e.g. brain, cortex)
bi odegr addbihe feilde i papbel 382 nimplanéablii styqltb@daltnlpgmalcwuacﬂtt ani irdsertihe or

“ biologic

b1 odegr ad B RRR i 38 fsEH rab 1ol el iR EAREsOenct B imcerpogpgeriog
carrier Medrey aebdidbdobhiddn fheniadds mﬂwﬂoanﬂietﬂn&ardcmgedﬂloﬁafflédtﬁcﬁallij!04
may then b ved fromthe bi oIo cal tissue, while the flexible

e re
pr obe!V10FOHRRE BrElerrqds apfl thesiopiagdal tissue, for exanple for taking

measur errqnoﬁ] el Aliohe ehibodtidnWl theTeRibld PRoLeI pdzoaiagainctuﬁéw%mrm??&]
In various enbodi nents, the recess 108 may be forned in a material of

the 25 feleskpiiscarpangpd at @R, insesigny end of thesAexible mebepp.ewridar ednrelifstof
th |
er ece%%Fl%Qlﬁ% aflhgr@ﬂ'f biy %?!:ﬁ%e 49Jn|t% %‘?{] néalrefeyt?i Xlly Qtﬁ.lé)flecﬂr {E 9 rés%sﬁwr?a y

mat eri al carri er wor d recess
be for medlecabdd, aad; whpramt thalplurality lof omg#ct phds are scpm'@lredefondbcﬂnbzdlceup:\ﬁlg

the f] exible prob d/.or he I carrier 4 0

vari otfe dRBBARERE St Shipp GG Skttt bAaDge shagec i cach
i ncl ude 3fEHr Ulise ﬂlﬂﬂﬂ@ oSélestidds n{alsfdie ARy gdiein! £1i Q2 THB | phurflitytdT@lectrodes
di ssol ution of the_ bi ode&)@adabl e material 106. As the bi odegradabl e

mat eri al MOePAligaed dlaag loaeitgdipg axtsl‘?éth?r%@leamﬁb%}o%t eroids may be
rel eased gy Iﬁ‘ tHcE bﬂgxtoi)f t/é e athcfE) e t}{é‘ &Hésd OfHgT &I exgcﬂ.lﬁ'@a

flexible pr i ncl ast one & ectro e arran at an
inserti orphaahityoif ﬂ:ehéwlef plethblf@ pheteen the djodepridattle nptsinl thfeisgesei@dtin pad
20  respective recess 108 defined between a respective flexible probe 102 and the rigid
carrier 104, the biodegradable material 106 bonding the respective flexible probe 102 and
the rigid carrier 104 to each other.
[0043] In the context of various embodiments, a width of the flexible probe 102 may be
between about 150 pm and about 200 pm, for example between about 150 um and about
25 180 pm, between about 150 pm and about 160 pum or between about 175 pm and about
200 um. In various embodiments, a width of the rigid carrier 104 may be at least
substantially similar to the width of the flexible probe 102. This may enable a smaller
penetration area at an insertion site.
[0044] In the context of vartous embodiments, the flexible probe 102 may have a
30 Young’s modulus of between about 360 kPa and about 4 GPa, for example between about
360 kPa and about 1 GPa, between about 360 kPa and about 500 MPa, between about



5 electrically coupled to the el ectrode, the contact pad being
configured for electrical coupling to an external circuit. The
insertion end of the flexible probe 102 neans the end of the flexible
probe 102 inplantable into the biological tissue at an insertion or
inplantation site. The flexible probe 102 may further include at

| east one interconnection buried or enbedded within the flexible

probe 10Z60tikra dnﬁta%BﬁtOfU@eMtPh %t\@é@p&bbhp%d ¥PalAosRt DID SeR) e%fitaBQLqe

and the contact pad. [0041] 1n various enmbodi nents, the flexib
probe 10808ekPa ansl et éO@IktBﬂ,abfrtwyenoﬁboelt dcMPaded adwufaﬁg‘éﬁt &etwgan about

I nserti O%O%'MPé);ndtﬁ%utuf %is r%e e%?gbouggoo ﬁﬁ’d an(il [a)li:oué? y of contact

pads, wheérein a respec is e Coupled to a
respect i e043] GIﬁttlieOdﬁtexanﬂvaMmE emhodﬂmentp,l thié ailgld garddr 108 RtAavpadtouase

confl red el ectric coupl i.ng 51to n external circuit. The
pl ur al %4 %@Wa@s 108 é‘i‘féé‘é?“é el adar Fxammlin Peitcin GoEr
The pl ur aﬂootcwaoind%@@ttﬂs@ctﬂsa BB W ebEatuf m@ﬂa il Adut TR Gim%e&béeh%bdty
of el ectrodes may be aligned along a | ongitudinal axis of

flexible lﬁﬂ&!ﬁ@ aﬂdzboqthﬁQPatheh@ee@@hméﬂ 0 §iPaead albas 1@@@6@“ rrent s, the
be d
akgrgineﬁhgﬁﬂ gh éé§|£%%§ er|g%h$h%h¥§8%gé§? a&hﬁsﬂl%?ggl&pnmybe

respect i welecied éﬂm ﬂﬂ8g1dxqf comitihe bi\papetayless pigesli PEGH) wotysatehapidgagat02

and the rigéd carrier. 104, é} i odegradabl e material 106 bonding the
r espeldt i VAIEY B a9y SOBPERUON BSTeahd the rigid carrier 104 to each

ot her. [ QRd#A th thelddrek OO @NbuLEMBARLHh&HS 1RMRGHIEBALE 102md tHludeor h1§

fl exi bl e probe 102 nay be between about 150 um and about 200 um for
exanpl e Beudsf apsbmmersonaienankheaobimerzonatede] wmy bsselreled fiaohe 2150

d 0
um 20 sty 00t Mgl SRER IR NILANE. B0 pe iy
substantKHNH&A$mﬂwbanan®SUHb wi dth of the flexible probe 102. This
bl r ration ar.ea at . an. er.t ite., [,0044
The cBor dfpua e BT Bk Ron eRpSLTRAS. v digdret: BReRaHeht ohavy o
30 Young'ke Mﬁ@fﬂ%&@énabﬁwﬁﬁﬁ%%&ﬁﬂcdﬁﬁanw sARBHYSIA t@?ﬁumgﬁ% and

exanpl e betmeen about 360 kPa and out GPa, between about kPa
and aboutgl®80 MPa, between about

[0049] FIG. 1B shows a flow chart 120 illustrating a method of fabricating a probe
device, according to various embodiments.

20 [0050] At 122, a flexible probe that is implantable into a biological tissue is formed.
[0051] At 124, arigid carrier is formed.
[0052] At 126, the flexible probe and the rigid carrier are bonded to each other with a
biodegradable material between the flexible probe and the rigid carrier, wherein the
biodegradable material is received in a recess defined between the flexible probe and the

25  rigid carrier, wherein the biodegradable material is dissolvable in the biological tissue
such that the flexible probe and the rigid carrier are separable, and wherein the
biodegradable material is capable of drug delivery upon dissolution.
[0053] In various embodiments of the method, the recess may be formed in a material of
the flexible probe.

30 [0054] In various embodiments, prior to bonding the flexible probe and the rigid carrier,

a pair of sacrificial tracks may be formed between the flexible probe and the rigid carrier.



360 kPa and about 100 MPa, between about 360 kPa and about 1 MPa,

bet ween about 360 kPa and about 500 kPa, between about 1 MPa and
about 4 GPa, between about 500 MPa and about 4 GPa, or between about
500 MPa and about 2 GPa. [0045] In the context of various

enbodi ments, the rigid carrier 104 may have a Young's 5 nodul us of
bet ween about 100 GPa and about 170 GPa, for exanple between about
100 GPa ayyh @Robt satrflcibPRackd Shayes RO aA80p delitcaflél MRRBIY prdR0 afid the
bet ween about 120 GPa and about 170 GPa, or between about %20 GPa and
about 150M§PamﬂFUO46] In the context of various enbodlnents, t he

bi odegr a Ie fr roup consi sting
of pol yeﬁﬁﬁ#sgne g y%:hgh %‘gge@ X fglglccﬁltgﬁi%l th&l ?Om}:a%“d"ilveaﬁs lsgaﬁy
combi nat i wndingehefddxiblf Pdhe hnd ﬂnetrigﬁ:l eodrext of various enbodi ment s,

t he erX| obe 102 ma ncl ude o be. made a polynerjc
mter ol 04 Wéwﬁ Mg BHST Ay AIURE CEPEY PR THRIGG Bipn the
consi sti Ngoder aeaw @&l PRk mh@sc&%d/op@!ey&aml lre‘iéalséfm@eﬁ thd @sylitRnhof
nethacrylate) (PMMA), silicone, and SU-8. 15[0048] In the context of

various dhobi@deasedable maeriali gi d carrier 104 may |ncI ude or may be made

of a mat e[?qﬁ] Iﬁz‘?]agl%hf%ﬂboﬁ%eé%gfgﬁﬁéj%e S RE IRtheBlaa L | i8id Shhy be

titani um Shows a ow char

i || ust r atselegted fromi Hederodp é(aisrstmgbf polyethplend glydeVIPEE), pudgsatdhiarige, tsogar
vari ous enb dlnents ?%1%005 122, a flexible probe that is
|antha6P8 ANy CHMBIAEPE ‘? ‘'ssue is formed. [0051] At 124, a

rigid carposg) fle. 10rskBds al SRGRAticAlodeBiaglafiof 4 gfebbld%v@é (] 13 ﬁ@@lrdhﬁeto

rigid carrier are bonded to each other with a e l'e materi al
bet ween tiEoRs exbpdimepisodae anabe Weviee gt inaludeser, ﬂw?aléf: ei?lﬁbet Hé2 that is

bi odegr aqgﬁs agnamaet gfdt ﬁ'glalégléaﬁ@gu\é,eg ot BurliGCRSS af?aewg}&ﬂyl%&é BREN 143%:

flexible
sugar candy 146 between the flexible probe 142 and the rigid carrier 144 bonding the

15  flexible probe 142 and the rigid carrier 144 to each other, in which the polyethylene
glycol 146 or the sugar candy 146 is dissolvable in the biological tissue such that the
flexible probe 142 and the rigid carrier 144 are separable and the rigid carrier 144 is
removable from the biological tissue. This means that the flexible probe 142 and the rigid
carrier 144 may be bonded to each other by polyethylene glycol 146 or sugar candy 146

20  that is provided in between the flexible probe 142 and the rigid carrier 144. The
polyethylene glycol 146 or the sugar candy 146 may be dissolvable in the biological
tissue, for example as a result of contact with the biological tissue.

[0059] In FIG. 1C, the line represented as 148 is illustrated to show the relationship
among the flexible probe 142, the rigid carrier 144, and the polyethylene glycol 146 or

25  the sugar candy 146, which may include mechanical coupling.

[0060] The polyethylene glycol 146 or the sugar candy 146 may be received in a recess
defined between the flexible probe 142 and the rigid carrier 144. The recess may be
formed in a material of the flexible probe 142. However, it should be appreciated that the
recess may, additionally or alternatively, be formed in a material the rigid carrier 144. In
30  other words, the recess may be formed, at least partially, through the respective materials

of the flexible probe 142 and/or the rigid carrier 144.
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25 rigid carrier, wherein the biodegradable material is dissolvable
in the biological tissue such that the flexible probe and the rigid
carrier are separable, and wherein the biodegradable material is
capabl e of drug delivery upon dissolution. [0053] In various

enbodi mrents of the nethod, the recess may be fornmed in a material of
the flexible probe. 30[0054] In various enbodinents, prior to bonding
t he fl exi 91 +er ' i,fiaial
tracks. ey ol TP oRres LBtk bRt Elthe R brty (FREaY Iy or may
carri er. beThadepdParybdnesnd fliefrigid edrriemmakisclrdy otreay bevpedaofilicon (Bidndi ng

further 1052100 F <PRER P bt BMmes VIS oG Gty s
f1 exi bl e qef@habndht hezid icgiriér AR 184 .mH10O36f Adrornaihod leryflEublehar

i ncl ude addi ng. drugs and/or sterojds within the biodegradable
mat er i’al ,ddegﬂ@atﬂlteﬁﬁgo%%%l” the BpbgPrehsi 189G, 148 easabl e on the

di ssol ut i 1906Ain L IMAE 8O VAR | efrbIBnfhtsAthe tem;@IQé:lZ]caHér’Vﬁﬁ%%ﬁn a stiff

enbodi ments of the nethod, the biodegradable material may be selected
f r om t he hgekhape opesinsertiogsloftleol yet hyl ene gl ycol (PEG,

pol ysacc ! su Y| nd.. an iLnation.thereof. 00
Fra r e SRt T Rt o R PR A M TR DB A ERh g gtmel hor
accor di ngxtmplarmiettwhaimehdr awoids. The probe device 140 includes a

flexible 42 that is inplantable into a _bjological tissue a
ri gi d% ar[%éﬁ? ?&  CoRffgt %ﬁ‘f%ﬂ%}%@%@%ﬁ%@? temsbwfogé%b%ﬁsue amay inclpge a

bet ween {1Rgnd fi@xd, BbxBiBRDrdift &s@R0ndubie ikdu@! & el er 144 bonding the
15 erX|bI§@ﬁrobe 142 and the rigid carrier 144 to each other, in

whi ch t hd0ffll Yearioys eambodingendy may6pwvidehan spgmecte dedycombgngssthe ease of
di ssol va [n” i i - 1] . th t flexibl e .probe .142
andthe meiitich il 04 G oBiobl SHHIRYR ) Bbed B Rk Refinf¥ e 1

r enovabl e Hivlogichlnésis, @lgogeroal aftérdssgaionkiitlse fiedbis ptdbat Virkeas kindydibleats

robe 142 and the rigi. rrier 14 be bonded t.g each other b
DLy maoriEat NsiBle P, peitel piobo, Agehgh & A siith S skbne
bet ween tfiggfl b @¥inPbreryPbRABarddabl@Rthel T8 BkGhfle TWNYet8enb4GlycdNEPEG). In

pol yet hyl ene gl ycol 146 or the sugar candé-146 may be di ssol vabl'e in
t he” bi ol cgiiian, theskigdegradspleeglnpsr cigdegradable mateigd] manbactuswi edndyhéor

s i1 Tuser e e el e Sl cabE e T ex bl e pr obe 142,
t he ri gi d0e@H Hler 2M4howend Sdbemptid \petshydtbnevigyebh drébe aleviz® drheeural
SuQarzocanpcriXbe]ﬁJ%; a(\:AcQ)ircﬁQg qg%a{‘ionucsl glggodrirl%gl?tgnjl‘[?ealpro%guc{%ucg gZOO has a single or
individual probe shank. A non-limiting examples, the probe device 200 may be a flexible
PEG-Parylene neural probe with a retractable silicon (Si) backbone, with drug delivery
capability.
[0068] The probe device or neural probe 200 includes a structure having a flexible
25  portion or probe 202, with a microfluidic channel or recess (e.g. an integrated
microfluidic channel or recess) 204 that contains a biodegradable glue or biodegradable
material 206, which may be PEG, and a stiff retractable backbone (e.g. Si backbone) or
carrier 208. The probe device 200 may be implantable into a biological tissue, e.g. cortex.
[0069] The flexible probe 202 may have an at least substantially rectangular shape, with
30  the recess 204 defined throughout the length of the flexible probe 202, or at least partially
through the length of the flexible probe 202. The flexible probe 202 may be arranged on
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[ 0060] The pol yet hyl ene glycol 146 or the sugar candy 146 may be
received in a recess defined between the flexible probe 142 and the
rigid carrier 144. The recess nmay be fornmed in a material of the
flexi bl e probe 142. However, it should be appreciated that the recess
may, additionally or alternatively, be forned in a material the rigid
carrier 144. |In 30other words, the recess may be forned, at |east

parti al | ythe biukabgimdheich e eicd fe\’fé‘ss rm 8¢ h&diforefl b%!%?eeﬁ lﬂeeXﬂé;Jl@e REYRS0242
and/or the rigid carrier 144 [0061] In the context of various

enbodi merfnd, the thaclkhoagi 28esyshotbet nthblnéggradableua@teaﬂl ReS Cbetam@eatofeast
(513 T 0By S0 Tl Ble e 23, R Bleigns 48"
probe 102fprlir4ﬂ1ngaye Rexiblle fposbiredl @and fﬂadaackbgndm&foraaelrothail 144 may be
L o P P 500 b IR L R el Sl
nsert ?3?2%????3&23‘8"66 '@“‘ﬂ%‘2@%‘3‘&‘3"’5’2?”%@3‘2%e?ﬁéﬁiﬂ“égﬁﬁ%%?ﬁ?ﬁ%’E"‘q{“ﬁZ”

term "recdesgo %ﬂﬂ%eﬂfh@rmélﬂal ped) ofstherfeebls pioher Wehanthenposaskbaad
id. 10 t e

bl o ogi GAEH %Oé%g P TO R (8D bR PR YRR o8 repl B pEbPL12 for

ti ssue, nmarcahtattipmduwacds anosppesite §nd06GE] pMaima weadpofbihd |ﬂm1’mle5pmhg/202

provi de roac t ha onbi.nes B}& ase of netration siml.ar
e (s o theaRRR s 1 11 f A HEaReA BF shabRal RS Lo pa cippif e
probe in f&xﬂﬂ@bx@ﬂé ged mhi hether intlude of®b1t 18Yre iRtkfcBhindcRYBEHhORn PlovERE by
fl exi bl e probe. Various enbodinents 15 may provide a flexible

Par yl ene thetririaphpbthe flaxibie Rede 282 afosexppp .hurlédmr @scb)’—ddsécsktﬂmwﬂerublﬁng

a tenpor
(PEG;rP | cfg?%jg%’t %%%glcgl 8%1% %&’Qb’r uee?%ﬁg% é?g% b%}{%t‘:‘é‘?a“
may be sugds (ecaid). Tﬂl@refm,aﬂnplfbxshl@mobcélﬁaynw foin elmhpl@é:e oPanytent dleg
candy [0067 FI G 2A shows a schematic perspective view of a probe
devi ¢8 or®™f&lr al

[0071] The {flexible probe 202 may be arranged or bonded to a portion of the

backbone 208. The backbone 208 may have an at least substantially sharp end, as
indicated by the arrow 220 in FIG. 2A, for facilitating the insertion or implantation of the
probe device 200 and therefore also the flexible probe 202 into the biological tissue.
20  Therefore, the sharp end of the backbone 208 may correspond to the insertion end of the
probe device 200.
[0072] The biodegradable material 206, e.g. PEG, contained in the embedded
microchannel or recess 204, may be a temporary glue, which may be dissolvable in the
biological tissue which the probe device 200 is implanted into. Upon dissolution of the
25  biodegradable material 206, the flexible portion 202 and the backbone 208 may become
separable and the backbone 208 may be retracted from the biological tissue, leaving the
flexible probe 202 implanted in the biological tissue. In addition, the biodegradable
material 206 may carry drugs, in other words, drugs may be embedded or mixed within
the biodegradable material 206, such that the biodegradable material 206 may be used to

30 deliver drugs on dissolution of the biological material 206 in the biological tissue.
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20 probe 200, according to various enbodi nents. The probe device 200
has a single or individual probe shank. A non-limting exanples, the
probe device 200 may be a fl exi ble PEG Paryl ene neural probe with a
retractable silicon (Si) backbone, with drug delivery capability.

[ 0068] The probe device or neural probe 200 includes a structure
having a flexible 25 portion or probe 202, with a mcrofluidic
channel qbo739898ridR: Gnbodidn, B B d&Vi& ol HaFbEuselaBNBker@bn (RS B2S)
204 that contains a biodegradabl e glue or biodegradable material 206,
whi ch maycopex REG patifait-aTke pfaberdavicgc2Ub maybiaelvdo flexible. aryBine japitsione)
or carri Vj 0 .l ant.abl e into

b1 of og carveft 22 B8 HE882 K7 EGodGAT RIS bTRET o SBirist snhgecs
have an dt.gl 2@3t whithshaniénadih yin nlec tanguITae motapdsvios 200 BRihee inchcles a

204 defined t hout t engt.h of the flexipble probe 202, or at
| east Sparsﬁicﬁflﬂgﬁﬂ%rc&ﬁﬁ %%getjq ga%{:}ft?f“lﬁf PR Ratqnegh BE Profeofiyiosgd0 mip the
f1exi bl e BrePehOR Wniggt&réamn%tiohﬁﬁni%%ﬁﬁﬁﬁ?ad%%aﬁéﬂ%ﬁg{iﬁ%ﬁt(shhe

recess 204 is positioned between the flexible probe 202 an (
backbone m@@ssﬁﬁpr@bfa@ewwoﬁif@ld}@jﬂm polyathglena Elyed g PEON 266 aciilg aat

| east pargd.l 5 a C i bl e.arobe
202 and AP0 Butipe HETREMC P RYLONATER SO0 Be§iid
backbone hatihohe 28t dipont dissolutibh 00 #H] PEKRE06,| thx Bbbakpsreli®Sanaycbanmanasd,
202, for exanpl e of Parylene, may jnclude exposed el ectrodes
o . ogorlE TR el oG S D L TSR G BT SE by 210 1 o
one el ectjporg FIGOYR KRSy LN scheRMti€ BerSpecdiStidly &@ng&f ddvit® Bheadchidng to
probe 202, and exposed bond pads or contact pads (e.g. gold (Au)
contact pAatgys embedieenlipAs adopdipibag sraaplpy tha prebsr doiee ddthmaot bpad,
t owar ds Rt . fal f.: 4 exi bl -

202 10 FRIREBEC AR, hhindl prBbSUYHAL o0 s E () BilBofe, R AP G
coupl i ng debvap cepabditndlhe prateuletice Themby bx itplentplle heo 20D lomeal fissut ey,

i nclude one or nore interconnects (not shown) covered by the materi al
of the fI€¥Fhl e probe 202, for exanple buried or enbedded in the

f1exi bl e [poBpehéPobeldevice®Einay Bahn GAMIRkthl1E uliEhWRIAR alsBier fahGHIE JEHRRs.
(e.g. 210) and the contact pads (e 212). Therefore, the flexible

_ . g.
probe 20X hewyotiesievies dapmay insludemdfiryt Riplks sherk23i¢¢ sesond probegmnk 25 He a

f1 exi bl e 4. e A £ PARE bopd O, J

backbone t%:i)(g?%‘llgﬁgg%g%%%%naeﬁz%S ma IIraliia’tﬁ\"/e ane%tlh’l gglglt?qé%}bgt g%e%ﬁ@?;o 2
shar p endomamni batkerad aé. bifowener.ait rshonl@ 2@ appréciaBd that afipmufider bf patbieng

the insertiqn or .inplantation of, the pro devi ce 2Q0 ,and therefore
1 's0 Phe i STl R WIS Bie8 Byt B ST rs R S L o or e,
t he shar goerg Toshouhiebd agdebamed 208 afiRyne OF be SRdNGE the firkieprbls sHahk @3i1gnd
of the probe devjce 28&56%007_2] The bi ode3g1r adabl e material 206, e.qg.

PEG, contsSfRedPrrbe £l dHaig probe shank 231c and fourth probe shank 231d may
include a flexible probe (for example made of Parylene), e.g. 232, as substantially

described in the context of the flexible probe 202, and a biodegradable material or
25 biodegradable‘ glue as substantially described in the context of the biodegradable
material 206. The probe device 230 may include a common backbone (for example
silicon (Si) backbene) 238. The common backbone 238 may correspond to the shape
and/or dimension of the first probe shank 231a, the second probe shank 231b, the third
probe shank 231c, the fourth probe shank 231d, and the common backend 244. As
30  illustrated in FIG. 2B, using the first probe shank 231a as a non-limiting example, the
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m crochannel or recess 204, may be a tenporary glue, which nay be

di ssol vable in the biological tissue which the probe device 200 is

i nplanted into. Upon dissolution of the 25 bi odegradabl e materi al
206, the flexible portion 202 and the backbone 208 nay becone
separabl e and t he backbone 208 may be retracted fromthe biol ogical
tissue, leaving the flexible probe 202 inplanted in the biol ogical
tissue. |gexafd] bﬁo'b@ n32 Lhe hrav@&legr 1%93%915%35{&5@ élﬁﬁlaﬁgﬁp%ﬂd &ﬁ{ehﬁoﬁl LR,
in other words, drugs na or mxed wth

bi odegr acw@ition ofgheednamorn kbw&i‘&chatspph@n@tqﬂieémmbb@hmt@ﬁa al 206
may be u r n _of odi ca

mat eri al ﬁﬁ@%ﬁ ﬁ%sg"?@g‘ gk EI 1(.)0%IE§ a ?Ig %%%%fl%n[ E%%’]g ef(am%;l% tge %emgie probe 232
enbodi rTEr‘ihduddshe(ppB@lbeledﬁ')deEE{e 20@oldagA b ecleamded)pfori mpﬂet QI rbpl*e&n’feﬁe
cortex of 2%5 tient g 5rob; deyi ce 208 may_ i ncl ud g

Par yl éne BistiTat ?ercgy f-shs gleclipdes ek FoSedanbe arage Bbl*é n@( orgxamplg)
connect edhdy LXRAAJE tHeOxIé pldBE 931 EFHE cobh ba¥fling D4ARY: rlﬁaﬁdewestehhe
cortex. The probe device 200 further includes a 5 S|I|con (Si)
backbone t208 tfads of gentp¢tt pads g gpaeldt (Yaw) icontael padsk for ebample as cepregoted

into the g L ni i.mlar, to
the traditbraRar 2l PRagYple ot Pt bSs 23R e SRDGLS B Bk, Byt
further iatgudlesgthalfyiet fophaoe badkgnd P44, ARScoRAE ;&di ieng 243 naayttenped fory
adhesj ve hol di ge fl exi bl e Paryl ene-el ectrode-Paryl ene 202 to the
stifflo Sl‘ﬁﬁ@%ﬁgﬁﬁm q%ﬂ§§8¥bt|on of the PEG 206, the Si

backbone [30f mp%er@wcagwﬂmaym}eamcmeeﬂb ¥r B lﬁer-aﬁhﬁ&@s Fdrexhibe
substrate 20 npl anted in the cortex. [0074] FIG 2B sh ows a

schemat i & ﬁ%ﬂiésﬁé‘@ﬂ by dashied jnes 249, d#bine tue itereormsers, wltielo fatiengmple may be

ray bo o TTeki bl e BEApAR RETIOUE pfhe PIET0, ekl sli fFytatue™

silicon (eBicjrobadklgoZd) amd the cdntag pddd {eveP9g2)capabi lity. The probe

devic 2 be.i mpl nt ble into _a biological tiss e g..,.
I5cor Pex 10y DR TE b Pootin S 0EA LA 50555801 GEOGn H4rE) SHPaBHE ] probe
havi ng a stk 281k tfmmheprslseamﬁﬁk 271 afd e okiEHs BF X dniiBdn bdikbaie38
first probe shank 231a, a second probe shank 23 Ib, a third probe

shank 23XeUagnAing & iber Al methe shadmd 1aae secpnd pIebplank 23 Ly ihebirdarabs a
common bagkandsZ44,, Howeygism Itobéi}ﬂ!ﬁ#lg 2@Fd,aﬁh9 &Eﬁ&l%%%@e% Ya e

of probe 20 shanks nmay be pro |de or exanp e two ree our,
five or anysthitigheshamrepdy for [eﬁa)ﬁﬁl}e astindibased y e appv @60 atleting tvathe dinst

T b S R e T A A R

erxrblelﬂwobﬁbﬁkgﬁmemgmple made of Parylene), e.g. 232, as
substantially described in the context of the flexible probe 202, and

a bi odegriA¥BIFdCalethonss schomatis faigr erabnidevige Fe0arf Sy barbadiment | of
descri bedsignof %eﬁCthugé( be af m%aﬁom@éﬂ %g&ﬁl@rﬁg & vIBALR rénﬁJod%%ts e glnrbrabe

devi ce 230 may 1 nclude a common bone or exanple silicon
backbone)de2Bs 230 mayde rmm&pmécf«bm@nmn rmay acs:ortf:)eg@tb ritlshpoldtbwipsnalped
and/ o. di hank 231a e.second pro
Shankt®23 1 54 QlbeRiipi% b hBbe R SR Cxitie s i G Rl B0

and the atdrhy puipdedse FUG.223 illvd&ates the probe device 230 in an initial state, where the
common backbone 238 is bonded to the flexible probes, e.g. flexible probe 232 of the

first probe shank 231a, via a biodegradable glue, and a subsequent state where, upon

dissolution of the biodegradable glue, the common backbone, as represented by 238a,

30 may be separated from the flexible probes and removed from the cortex 260. Also

illustrated in FIG. 2C are drugs, as represented by the white circles and denoted as 262
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30illustrated in FIG 2B, using the first probe shank 23la as a
non-limting exanple, the flexible probe 232 may have an at | east
substantially simlar shape and di nension as the portion of the
comon backbone 238 corresponding to the first probe shank 23la.
[0077] Using the first probe shank 231a as a non-limting exanple,
the flexible probe 232 includes exposed el ectrodes (e.g. gold (Au)

el ectrodeg) twd gfchecmrwl ®hidk n{a?ﬁfeec%ﬁmrﬁq in thWioddPadable AEaR x%ﬁﬂ:ﬁ ags-
The el ectrodes, e.g. 240, may be arranged in a |ine, for exanple

al ong a |k@n‘91@aﬁedﬁnto ithee dortex 26} en disssbasiondd them@degmfﬁldﬂ ghiackend 244 may

pads) . 1 ayOE bR 0P AR BlueE Rl HEim B3 defeied R o sl b

contact pheke 29@ nimnbelapphdabrng ditte Ifdihtl&ed ofithe pfdbé dex)qaam(e afAd oltg varsa. In
| ength of the comon backend 244. The conta e.g. 242 may he
used for ABEIPBCIFUES A BIRRTSS ﬁé pplaniatior, yug ﬂ§F°1%1?33 disgue %dembngﬁbt%

probe deVdoﬁ@x‘?%PtH@ﬁfolﬁéJH&Ji&r 2001ﬁ4a?‘d>% DpBcble MPHL JrifLIGRRNERE Snd W%
exanpl e as represented by dashed Tines 246, 248 for two

i nterconnée®s, which for exanple may be burled or enbedded in the
erX|bIe e
(g, 2ad PSR For o HnbBhFRhir Srohe GRHBLL002Bb P B ol iR T B R R
S han k 23 Id;in vive dS\ckmridn pf BEG is ﬁ&r‘d()rtﬁﬁ shdwedt @idilimdigohkien sk aBadtc,
t he four;@ BHObe sngg 231 and t gortlons of the co ﬁg %@Ckbone
238 cOrr Ry YYCh 182 i FSBLCC?HI © 18 EHIOSYEREANS- (IR eSoms: § FspE @
shank 23 dli&oluhbﬁtﬂﬂé'oﬁ‘gbcﬂﬂ Q@%ﬁh@s’%a}zﬁg&be asbvbhg Jigyr t h probe shank
231d, may respectively have an at |east substantially sharp end, for

exanpl e d9083}PEGhtmey thy vivd ay rowicgsgadablatmatgrialoint Hee fpest: Inp Gagigusbhe
hank 23
shan ]eﬂiboﬁ%eélftsa&f 11115 cEl fffgﬁmdaﬂ.ﬁg%tﬂr&ﬂs i cggﬁs]éf%ﬁiéa? %&qﬂ lltlcﬂ:% or

pr obe devi Into t ogi cal “ti"ssue. OWs a
schenat i dnafpdriaed pu dteeﬁnidavﬂag@ @3Bhe plfobe i r e atiox) ikt malfes il fassiBB twhmla
in use at, a sertion.s accordi ng to.vari ous enbodi.nent

o obeaauhe PE v R RaE0 i P BRo T ST L G cee

|t shoul diiReluapRbe e FS as 2 MchRasf dg deliveey aft@pzolf inkdi€orl rf&b&aﬂ@w e

230 are exaggerated relative to the cortex 260 for clarlty purposes
FI G 2C ithy eRftexatherebypsovidias an additieral faurtionalify to Hietnrabe devies of whéqus

the commp,Rackhanes ‘f%%@;ﬁke?l tBQH:‘E'«%ﬁu&%(labR%eJ | exi bl e probes, e.g.

flexi bl e probe 232 0 first pro shank 23l1a, via a blodegradable
gl ue, and08843 (iths dgbrinatiors tnmtlmdefevael,ouu pmhoctimstslmay m’uegnzite ttheeinclusion of
blode ra aQi e

ey Rl P i A R BB e R ST A e s e

260. Al sahé khbuwslt p@bednaynbdzhﬁog&ﬂuaﬁl@ defirfbd, andSpdsRIVNES ahéelly bbbv'id]@g a
white circles and denoted as 262 for two such circles, which my be

cont ai nedURGHoRAEY sPERaigH 48 bt @agnal cligmeninios Witkusnt Rorticis of coaventiopsl
the cort %ul_%ﬁgro%@s.qju%%ﬂgréﬂii‘ vafiods"EntIaAERE, 3088 o8 ftRprint, the stiff and

flexible components may have similar dimensions or widths, for example 200 um wide.
25  In addition, the fabrication approach of various embodiments may not rely on diffusion

limited removal of sacrificial material to fill the PEG, thus avoiding the possibility of

spurious contamination in the biological tissue such as the brain.

[0085] One of the conventional approaches may include a highly hydrophilic,

electronegative, self-assembled monolayer (SAM) as the temporary glue. An insertion
30  shuttle is dipped in this SAM before placing an additional component and this is done

immediately prior to cortical insertion. The shuttle component is 2x wide compared to the
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[0081] It should be appreciated that features as described in the
context of the probe device 200 may be applicable to |ike features of
t he probe device 230, and vice versa. In 5 addition, the use and
process of inplantation into a biological tissue as described in the
context of the probe device 200 may be applicable to the probe device
230, and vice versa. [0082] For various enbodi nrents of the probe

devi ces 0,

PEG 1t he e ot g Baith o S LR P B
m nut es, kikhizohe, raasl possildy daptaatd Bssuo respomses by gwthes conventiomd approach the

embodi ment.s | ution 0_m.nut.es

aeh eved DindsafyBbie aiss sBubcalf Sy ARE 1 ol Soodbelin Bnd Tihind Sreenenss
in the cairé axnudlly plakil.ous enbodi ments of the nethod of fabricating a
probe deV| t he PEG nay be included or in orated in the final

st ages 5% Greotravenigpleaprosa tcwgf-' ECHIgR & pr ehistbp BPiEex; igclydlss upme
the PEG VH biBirdpitdd inBkHANMRE %MclﬁBIé%fﬂEss%ﬁ s \Ed AR @iisS T8 MRE S the
and use the dissolution of the PEG as a nmeans of drug delivery after
probe i nsvéufﬁnﬁisrpf the prabeanfabiedering htplmbattoexthetbremectayncprhwmmphgleawd by
addi ti onal ne t h evi of various .e ne ts,
2s- compartgiHh” ThRIGIS el SopEbRRF ST TSR doal i B RS TRREN SR
vari ous esrhiadsureane,s intBassd rih etgé aetl&tib heoilwlad usi e ok 26kibi ostelby aﬁbahioa
PEG with t he nl éﬁ&b fcatlon such that the stiff and flexible

por t i Bhns 1BFreaseln ittigplt o i e Aot PP HBE rapHp i 115598t iTh e drRy the
posi ti On%*aréaa? o€ RYridfsOathtldEerds FdaRGEd %ﬁllnFto\‘ sﬁﬁﬂaﬂéﬁﬁlgt e ttJPﬁn RAAR!
alignment Tor different portions of conventional™ neural probes.

Fur t her no¥igh moistyigy foaspsamplsodiing ar grtificyal tcelreh@smﬁalf Bod p{mG&F) durexgsandf i

and fl exi s h
exarl o 206° SERPREE TSLARtol R X aFukd By SIBINCENS RE KIS dodhor
vari ous ewnffedfromnbsatay linotatismesl Mo afied bicod sloning mag becbserabie ah tigf brain

sacrificial.material to fi t he PEG, us avoi din he possibility
of spliri &agfa%eo‘ﬁle%unalﬁ%we%‘ |ay m&nﬁm%ﬁr@a}aw oduRfudieh he the braln.

LOgSS] holqeosﬁ] Afpehes QBNRAtbMN ApprRRG RAGARS: ABYnetib GhedfRnayiieAhboY flexible
r ophi
Y P electrode implantation, where a pulsed magnetic field was generated in a coil surrounding

a glass pipette containing the electrode and successful implantation into the rat cortex was
achieved using 480 and 560V charges. The ferromagnetic tip used was not biocompatible
20 and the system was not adapted for MEMS fabrication. In contrast, the microfabricated
approach of various embodiments for the insertion of a flexible neural probe with a
retractable backbone features biocompatible materials in the brain.
[0088] Various embodiments provide a method of integration of a temporary glue
(e.g. PEG) in the microfabrication of a flexible neural probe with a retractable backbone.
25 A non-limiting example of a fabrication process will now be described with reference to
FIGS. 3A to 3N, illustrating one possible approach of fabricating a PEG Parylene probe
with a stiff retractable Si backbone. It should be appreciated that while FIGS. 3A to 3N
show a method for fabricating two probe shanks, the method may be employed to
fabricate a probe device having any number of probe shank(s), for example four probes

30  similar to the embodiment of FIG. 2B.
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el ectronegati ve, self-assenbl ed nonol ayer (SAM as the tenporary
glue. An insertion 30 shuttle is dipped in this SAM before placing an
addi tional conponent and this is done imedi ately prior to cortical
insertion. The shuttle conponent is 2x wi de conpared to the

addi tional conponent, resulting in a larger insertion foot print and
consequently larger kill zone, and possibly increased tissue

response.[phgh] ALRRN CRNBLTL Q@aﬁrslarl?ﬂfv@@eﬁh and NRcbinededr adabk&cldifn! S

specifically restricted to polysaccharide and di fferent conponents
ar e manuaihyngDEJE}to @F@@B@]ol@\q@ theofterehle portiah of hemsughprobe taewould be

insertio r i t r i i . biyol.nspi red )

mat eri al r}\% %iplsa%p?f? ﬁagf"e&?%"?% fshgl%’s(té&%?do%ﬁgtzlggihgﬁrbr%lenlr%dﬁg F rmﬂlg.s‘% ¢ f eoép

t he sti f fsnbsmtaf02t hes heenbgatientedcinddetthadgtol bighiend aicldrfor {drenily arylene

cannot be,su I_eant ed by noisture. This |leads to surface of the
AyteLs B drigfer pyeces

br ai n 3dr y* Yer IReHtrul at ed dried bl ood on the brain surface,

i ncrease [ Meexe! ASdhoGm MG SBOfsadiitRid 18ytRKE Bfichi QRRle! (RS t302Mnd0
i ncr easi ;g‘ly. difficult with tine and preventing nultisite insertion.
| n cont r #duminge @dpr 68%rhawst deppsitsds ientodblasma sethaneadr echemisal | vgpasr

suppl ement.i. 0G.: {\n r.fac i | r X | ne.aqr
arer o Ao PRESIN o0 s G WdllfBh 3ot fesodeBlei Gy FIROE BBl e,
i npl ant atstroctums30al | dat ed by neurosurgeons, and therefore does not
suffer fr he .above Lim tations. No.dried bl ood clottjng be
obser DaollB0h X BBy 110 ot Bin 08 ryanet b Srenin eucanied B s it
prel i m napyrokinatély s ;ﬁw@lltﬁésm{cﬂf?&ibs,/%@mtmgrin YRINRRELOTR (BRPReYBBing
features a magnetic insertion systemfor flexible electrode

i mpl ant atfpored. WManoatenpod peiterning 0 Eold (Alkptldetwass, end padsedd imeraomeits

surroundin Dk pett.e containin e electro apnd successf ul
ol ant artar e RbSSiHE B g PR R e e it ieRg oht sRFagg o
char ges. phearfddntetosaapeed gy tebgkctitstd hivasa thizkndss of shopatddol & (A0 mmdAk he
system was not. .adapte f?&;3 %%B fabricatign. In contrast, the

m cr ofabriC8z F@H“%Efg'%“i%ﬁ £ 3R 8RB PSS TRABE Shekitls Ty pieqiodes 32ar 14%Bn of
a flexi bligogd¢WibleqRERIREa Wdohd BaykLSfl 1%{'1@1@ BaPBE KOAREod BRIHIGSe 320 t0 a
bi oconpatible materials in the brain 10088]" Vari ous enbodi nents

provi de dhigknehool appraxmmatglysi iionAcfructutesiRganarbe apitaieed; es ghowBBEGFIGBE. he

m crof abrd cation o fl. exi bl eyra obe, with a.retractable
backbone .Floﬁ E35K OE Bﬂéﬁrgﬁqdf?%@%e‘ﬁgﬂﬁﬁée ngP [fy?lé i Oggvta%ﬂleﬁlpgglées%c%dl IpYsiow
be descr idi@drydrichird &flRE@RLLdénotddl 6326 IiHeudMurd 114UF1G. BB 418 §HdSs that
possi bl e approach of fabricating a PEG Parylene probe with a stiff

retr &€t abhe cipde 5éfe. 3130 drpUTEie o spbEedest d thhakarylsny dayer GE26-3A
to 3N's howbéeqﬂahnoqlefpdrryﬁﬁéawa@egtmglg W, PEORGRiRRABKE anr%rgr% %EFEQ&’@ THRY

be enpl oyed to fabricate a probe device’ having any R pr obe
shank( s) striietpree3ed mayebed wgd (@ fasipebe flexible portion or component of the probe device

of various embodiments.
[0093] Next, a silicon-on-insulator {(SOI) wafer may be patterned to define sacrificial
25 gold (Au) tracks of about 1000 A thickness. FIG. 3F shows a structure 330 that may be
obtained. The structure 330 includes a SOI wafer 332 with a silicon oxide (SiO,)
layer 334 buried in a silicon (Si) substrate 336, and four Au tracks, as represented by 338
for two such Au tracks. The Au tracks 338 may be used to hold the flexible and stiff
components of the probe together until the PEG is inserted, as will be described later.
30 [0094] A Parylene layer of approximately 5 pum thick may then de deposited on the

structure 330, including on the Au tracks 338, and anisotropically patterned using
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30 simlar to the enbodinment of FIG 2B. [0089] A silicon (Si) wafer
is first provided and patterned in deep reactive-ion etching (DR E)
to create a nold for the flexible portion of the neural probe that
woul d be formed later. FIG 3A shows a structure 300 that may be
obtained after the Si wafer or substrate 302 has been patterned and
etched to create a nold for form ng Paryl ene 5channels in a later

g:’ FIC gi f] - O&:ngegpd(oél Yokma 38 r&B@VMioh Ridalde %R}\Iﬁg’ S%%g faf b BlyIbRYR gém%ed in

2) 304 and al um num are deposited in a
pl asma erthaasetwhire tecalrespopding ddposhanndn of REGYE) thatcohtaimitie BRG is later

evaporat i r Y, i by form.ng the structure,308.

10[ 0091] RRedL Bc] g(?/glfc’q’%laosﬁn’béa?ﬁ Bt mag by ‘%ﬁd’gféa"%ilépao%ﬂttﬂeg’&di’?"ﬁme

coat ed t dayert3dR cldesindeds 2phr d4dbyBiletey ParylesenhanbidicantdotropicallyersadSed,

resulting i.n the structure 312 ((FI G  3C) .being forned. Evaporatign

and pat t g‘vm&haoraaspw '8 horpiniviet F@H&L@eg BRiFachanels Ay berleter Gomb e

may then sﬂﬁctﬁ%?@eﬂ%}oﬁé udtdao @Mﬁp%%ﬁrfqﬁsn@dhdoreéoﬁ{yoﬁanravf%qﬁl h—é@édevT&eofAu
S

el ectrodes, bond pads and interconnects nmay respectively have a

t hi cknessvagpusdrehdiZgd® A (700 nm). As a 15 non-limting exanple,
FIG 3D ' r a, 2 0092]
L o I SOBSEURAYHE pER b Bl 090 T Bl LS
st ruct ur elig2édl tbahaSDOhivefen esbkthedmaAly poodddrm tlie BardemParplend ntgfads so 24

may be obt ai ned, sho in FIG 3E. For, ease .of understandin n

ol ar 0y bftP% e@?@ﬂfﬁilﬁ%ﬁ'f}%ho@ rﬁffﬁw-eﬁeo%ﬂdwwﬂ% f&%éta&mmﬁ?%r(lzﬂ?-%ﬁ

Paryl ene Jaf&hé Qlrh@erei 348! (wr1dena) athyase 32Hell '}elfag\f)e & édéﬁtdiﬁﬁda%a‘ltheﬂaﬁy
or

3E al so shows that 20 the el ectrodes 322a, 32 are burie

enbedded Hopdeche thainferdase df dhePargizae lagah 3 ok el sfructiree3 Haangd| tha Facdrareed
nol d waf 1248 , b t i C

may be USB” (A% ofr e e, S8 so B 0P sEf or e HABa T Boplet
devi ce ofpovtamis @fisheepriobe demaed. \s  ROEBG]as Nbown iraFRG.| I enstantire1 380 atagrbe

of ablbut CRU ATk RBb e 28304 ERphd ecers fobufr S50t Wby e

obt ai ned.and Rearfy, 'tHeE PHfyEend Iyek 1306 UHE $heAP HMendNadyerF 33282revu'oulect?«eré,l dn6RA
oxide (Si02) |layer 334 buried in a silicon (Si) substrate 336, and

four Au t¥dekd thastiyciyeds@nted by 338 for two such Au tracks. The Au
t ks 3 | j I d
racks SYGoguRYnBDoHEA whitr P sfudid isb%éﬂlg&aaagsgﬁ Lfeli 1§ WRORABGR o

t he probe toget unt i is ins escri
| at er. 3CHddEAPRAEPan yheemeld| wafer orahrucippr 324 toatpeh yedsss wrthe brccRciab§io:

4 TERP 30 R A M HE R0 05 1R 2, LR AABEe
obtained having access holes, as represented by 362 for one such access hole, formed
through the thickness of the Si wafer or substrate 302.

[0097] Subsequently, the sacrificial SiO; layer 304 may be removed by vapor phase
etching in a reactive ion etcher (RIE) (e.g. vapor phase oxide etch in Advance Vacuum

25 (RIE)), and the sacrificial Al layer 306 may be removed by wet etching. This process
releases and removes the mold wafer and exposes the Parylene-Au-Parylene sandwich
bonded to the Parylene layer on the SOI wafer 332. As Parylene may be patterned
through an aluminum (Al) mask, wet etching of the sacrificial Al layer 306 should not
affect the Parylene layer 354. A structure 368 as shown in FIG. 3] may be obtained.

30 [0098] Next, the Parylene layer 354 may be anisotropically patterned and etched (e.g. via

RIE) to define one or more flexible probe shanks or probe fingers and the backend space,
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oxygen (02) plasma in reactive-ion etching (RIB), such that the
Parylene is renoved in the areas where the correspondi ng

m crochannel s or recesses that contain the PEGis later fornmed. FIG
3G shows a structure 340 that may be formed, having a patterned
Paryl ene | ayer 342 and wi ndows 344a, 344b, where Paryl ene has been
ani sotropically renoved, 5 which correspond to the areas where

enbedded J¥iGh %Eé}ameésf%,rm th&chyPb:§losihg ey elEfbﬁc,%E BYsE 4heh 34 tIBYoRe

used to formthe stiff portion or conponent of the probe device of

vari ous drdsdismeell g3 tq 09%5) tSckssEFudhe [2gpld, toreefahpks ticeAPglepiredes 322a,
conponent t 0 d f.er .m al igned to the fer
and t her n%zﬁﬁyg‘ggﬁageatdn %t%ll‘]t% hogo ért%e%glﬁlae?/&?%ﬁéoﬁegs( é% 5130(%" &Yk ig 1 gﬁiﬁ

f or m enbetidewrad 22r mahdrneisined, wiete st pkdbeoiHagk 304 dgd o Beond probe
structure, 324 |G 3E) and the structure 340 (FIG 3G my be

al i gnéd o %ff‘g Py E%léﬁ?”&gh@rth ShedPATHERTRY PR DbHErIChe 5% o %%t"é‘? e
of the PaylRN&chAY Blobs AR 74H Gertdvel Gh %He%n%%ﬁoﬁi@%a&&ﬁin@%&de@s@@eahﬁ%er
342 of the structure 340, so as to attach or bond the fixed (stiff

and f| exidsl epepmgt 379nSunhermiee, phoBerytrailexsr 344 carresponding teghe Hosuprdbe
FIG 3H, sﬂarﬁé 1‘317|gat Y& tlgeSgecgg% @?@qgl&agﬁtﬁﬂlgq%s bg@r\{ 'e?c%e .tI) 'gci’e%}-le rrc%%%&%ve

352a and a second reces or ease of understandi ng and crarity,
t he Parylepeeinka§®ra, 320, andxpdwe tRareshamiee lehyeodesB2ar 1226 0Ehabcadf thelfirst

denoted as 354 in e structure 350. The bonded wafer or

st ructur é)r%%eoiﬁ%ﬁ%e%ﬁéﬁ%e %Bﬁﬁrfﬁwgfaﬂ}a@? Siz@%mwe R el oct
(DRI B) onstahgob@ddickater clﬁlﬁtgjﬁ.lf-d!ﬁééﬂ B HAfndiPbRREN RECHRP b Forhldf is not
sacrificial Si02 20 |ayer 3 and the sacrificial A |ayer 306. As

shown i n shewn iBHIG. 3Ksand ke mbseqwet FiES. HetooB-ai ned havi ng access

hol es, a r . I hr.ough
the.thi cagbSR e BERRESPHhaddfed B Bl DA 365800 1B S LELIRA bl

t he sacr ifrotectalr c&rd Zhd Baydenaderrdeay. Hrbseqromtig DRI maper capflswit esiafiheg
in a reacti.ve ion etcher (PlE . vapor ph .oxi.de etch i.n
ndvaride Vet Gm TR P 1o baten mEaine FP etz DAUEnS Eportign g6 the
removed hyoteterts Bf RErioubNEEbRIINEASSFIR! HaASRSWARGstFRARY 880 ttha AR e
waf er and_ exposes_ the Paryl ene- Au- Paryl ene sandwi ch bonded to the

Par yl ene 9bajesd, giithtaphotuysigidaeyr 383 zovaringrhie Peeeaedayer B84 pandt rariiens of

t hr ough ! t pet ghing. of m&[' wel al :

| ayer 30gﬂes ?93 Ir%ﬁ%gﬁ?:‘%oécmt% §§ﬁ%w§atrh ?/ I%ﬁg&%éé)?eeg }%§4 gc{ Irﬂ%c?ﬁllﬂé? %1(%

as shown layer BB4:.thggbintegvite Sigrtinsedta, 300 008inaNExtction methPstiff ketractable

| ayer 354} nﬁ}/ be ani.sotropically patterned and etched (e.g. via RIB)
to defi ne®gHE"6P" fOP'E" 11 exi bl e probe shanks or probe fingers and the

backend gpaog,Subsequently, buffered hydrofluoric acid (BHF) etching may be performed to etch
the SiO, layer 334, where Parylene is at least substantially resistant to BHF. The BHF
etching process facilitates individual probe release, and consequently an implantable unit
or probe device may be released at a time, the probe device having a set of multiple probe
25 shanks connected to a common backend. The photoresist layer 382 also protects the
Parylene layer 354 during release of the individual neural probe structures during the
buffered hydrofluoric acid (BHF) dip. A Piranha clean process may be integrated with the

BHF etching. The photoresist 382 may then be removed.
[0101] Polyethylene glycol (PEG) may then be filled or injected into the embedded
30  microchannels 352a, 352b for each of the first probe shank 374a and the second probe
shank 374b, by capillary action. PEG is a liquid above 50°C and is a solid at room
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and to open access to, and thereby exposing the Au el ectrodes 322a,
322b, and the bond pads, as well as to the Au tracks 338. The gol d,
for exanple the Au el ectrodes 322a, 322b, acts as an etch stop for
the Paryl ene RIE process. As shown in FIG 3K, a structure 372 nay be
obt ai ned, where a first probe shank 374a and a second probe 5 shank
374b may be defined, with the Parylene | ayer between the first probe

shank 374ggadntd ?I@.F_ﬁ‘@'}.ﬁo@£ BRLINARAMAL READsHBRE VRO s TprbhestRRk 8944 ﬁ%i c

patterning process, |eaving an opening 376. Furthernore, the Paryl ene
| ayer 354heescong pohdshapkt3g4b.reaclt havang PEG 1386 fiblad kn B fizst asndsst I2a sad thed

probe sh 7 h 5 ed to define respective openings 377a,
377hb, toagéggggg?£§§¥3§ g%ﬁ*@% el ectrodes 322a, 322b. Each of the

first éo [lpllﬂﬂ:]él"lﬁhas?llst@?dfafalb\lﬁtdﬁbﬂma‘iﬁ'ﬁﬂﬁdb agm‘bg tisdeefdp othf¥d br meiﬁcial Au
i ndi vi dua or co i ac a, pr eyice. For clarjt

U poses. SENIS BbiTRsA Bt BALE AU (apriss f dradot) en B BlshavIcnt 14,
3K and t henidharsdente ELGEH %I%Ee ta@vidd300 QRRS] 318y RRQLIY 8RdcREd MaYudtheR

be coated on the structure 372 and patterned so aS to protect or

cover t heimingiadable slugP&G a8y PR beie auemashkyfor BRIckhing witearcetehane thixsure
usi ng the 5 resi a atter n fine.the ,.
retract ab(iftjan§t S %%gmé (l)lpa%g}rﬂﬁ ﬁ%%gi%:(ﬁgﬁe' %1?\8%89@3\1}??%013 0 Iobglri %Ué by
enbodi mentodumd: | WherBin sdepir BEGt386clissolee IB0hd batexndierdbe sopdratingettic sufft h
a phot oresi st yer . 38 over i e Paryl ene | ayer 354 n ortians
of th¥ ST & @gfﬁﬁgeﬁéﬁﬂgn{%ﬁ _l%lﬁdﬁpm%%%{fﬂ@}eéﬁés hifihees
the buri adold 9. | L6FinbdA . thé LSRN BRMNEEGI388 Gh thOBsite338ay ebBDihe
that may function as the stiff retractabl e 20backbone or carrier.

[0100] Subkedigef ithe stdlieerapasaniipi perticns 236, 386k qfBhineusalanpbry3kirome
perforneqh%%n&&ph the Si02 |ayer 334, where Parylene is at |east
substantially resistant to BHF. The BHF etching process facilitates
i ndi vi dud01§i dreofr &l @aset capcinona eqlidnionywdinnowrbk aletaibled bynivdy of the

probe, devi ce may be rel eased at time, the probe deviceg. having a, set
of muft i PO RP B BReS PR O BRSBTS re B HEOR AR Progies Bonded
phot or esiggethed b5 PES Ze.8] £ 8i-PECLHGIrShd NidZRITY SRR baYiBredRdd b lah Bhast
rel ease of the_ individual neural probe structures during the buffered

hydr of | uctbgtaiiily sl regilis, asathope desesibed balewpbasse s theySitREG-Si probe
i nt egrat Lt j T DROERLES) .he :
ot S o S N, IS BRCE s SR
i nj ect ed amitodinuémts. enbedded 30 mi crochannel s 352a, 352b for each of

e TSR35 S R0 SIS ST B O b 26 e
cortex, two microfabricated Si neural probe structures or devices (multiple shanks
connected to a common backend) may be glued together using PEG. After the PEG has
solidified holding the Si-PEG-Si sandwich, the structure may be inserted into a rat cortex.
[0105] Male Sprague-Dawley rats (approximately 270 — 350 g by weight) were procured

25  from the Laboratory Animal Care, Singapore and maintained in the Centre for Life
Sciences Vivarium under standard housing conditions (12 hour light and dark cycle,
Temperature approximately 23 - 25°C). All experiments were carried out with
Institutional Animal Care and Use Committee (IACUC) approval.

[0106] Rats were anesthetized with a freshly prepared cocktail of Ketamine and

30 Xylazine. Their heads were shaved and the rats were mounted in a stereotaxic
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tenperature. FIG 3Mshows two individual probe shanks; the first
probe shank 374a and the second probe shank 374b, each havi ng PEG 386
filled in the first recess 352a and the second recess 352b
respectively. [0102] The last step of fabrication nmay include etching
the tenporary or sacrificial Au 5 anchors or tracks 338 so that the
stiff (Si portions 336a, 336b) and flexible (Parylene 354) conponents
of the neyral (B%ﬁ%ﬁarﬂe&fs&f ﬁﬁﬂdlfn%ls%mﬁl\i}mieiﬁx pRithddaad ck sglﬂwsl&ﬂe
bi odegr adabl e gl ue PEG onl'y. PEG acfs as a mask for Au etching wt

an et charandileetlingevas pravented using i Heriepdi@®)pencihydr ochl ori ¢ aci d (HC1)

Di t i ti 1.3 - W i I o o PE:G
386 di osdp DB EREEEET et sy & s wRAr Ly Ve rif ol
(Si portithesg3md lefBpairtal aglodshThd thex ik endived ukiap a(skailyhedr t3F4cilited
t he neural probe 390. Accg_r dingly, the dissolutjon of the PEG 386 in
the cart dle Fago8RBY fithe SHREG = tirehssofhe fpossd braincywisem wiae peripdically
porti ons 330@ned3?fR btefle iE&@niF%thl%! orRLOYE ﬁl_%lqjlrgﬁeg %%@Era@@aﬂfﬁgwel[eg 3031

Proof of concept experinental validation w now be descri bed by way
of the 1Be bk dssbeysieg fnpfarecps bad 8 roebea vean b iv pbage Sorabottdemafuteswo

il [ b h . Sl - PEG. S . b
devi ooy . TrebeRaRuaR TSR grltoellF FhciaPoudk Moy R R o

resul ts aslighheseosbese rollewingahoprobainay therat g sstri fRfeGwhih darabess desd ofe

may al so be licable to ,the silicon-PEG Paryl ene probe device of
vari olls &%@gﬁﬁgﬂtgml@ﬁf’@iG)‘lﬁapF‘ﬁtOB‘?agIé’r to test the separation of

struct ur gg16d)nPugd fajlﬁsmlw&k cu%pzaﬁteﬁ’%@bﬂe@ W€ sERHAEX updemoval from the

m crofabricated Si _neural probe structures or devices (nultiple
shanks cowrettaégr £0 naingigmadrinssticetsdy fomyxample |Fled 4Bbgadinatingueimpjete
PEG. Aftey: . di fiiegrzhol di i~ P i ndwi.ch, .t he
struct ur 2&%@%85 ?ﬁgég?et g’kérgt%ﬁeagggtmg%gt%gﬁgg[ﬁ%g]%%ﬁfg‘lr%%s Whifidd by
Spr ague- Dewtosyrgeatssanf apfissobition tieleyof2D0ninu s Qvag fiyndwe ibghtdepuabdiee Further

procured 25 fromthe |abaqr . Ani mal . Care, Singapore and mai nt ai ned
PR Eh: CREPEA RS 0 rOR S RHehING Bista o U B AR T G /or
condi t i OnSmipdtibOYr PEGY Bhd/ainehrias khe MfBe of HEPEEG tedpc@RP HRXAiSRYRok
23 - 25C). Al experinments were carried out with Institutional Animal

Car e and tigkis camertianakio thegoriaye exppsagy iy be carripdawe] Rats wer e

anest heti j | cockt ai 30,
X1 azi ne. DRRLIIGE 2 shETB kol HEBA S SRS AL p ool PEEC AR b vice
st er eot axiefore f(trage 4®e e, adSAfer @magadHlheFKAGR) edrtical cinpilowmtioas
perfoorred to texPose t he skull and bl eeding was prevented using a
hermostat i"€PFEREN . [0107] Linear burr holes (Length: about 3 - 4 nm
W dt h:  aljouto] FIGR paveide4Hrillhiteee @wekepaf@on i @hilidAPREEicHakiRiathed

regions. The dura was _incised using a sterile needle to facilitate
probes after cortical implantation, where the image 400 illustrates a sandwiched Si-PEG-

Si probe 402 (from the backview looking at the respective common backends) having a
first Si probe 404 and a second Si probe 406 with PEG 408 in between, attaching the first
25 Si probe 404 and the second Si probe 406, before implantation in a rat cortex (Male
Sprague-Dawley rats, 270 — 350 g), while the image 410 illustrates the first Si probe 404
and the second Si probe 406, from the sandwiched probe 402, separated on explantation
or extraction, after 20 minutes of implantation in the cortex. For the implantation, the
cortical surface was kept moist by squirting a-CSF on the brain surface. It should be

30  appreciated that the cortical surface may also be kept moist by a supply of saline.
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5 the smooth entry of the Si-PEG Si probes. The exposed brain surface
was periodically noistened with sterile isotonic saline or a-CSF. The
probes were gradually | owered into the brain tissue using fine
forceps and the probes were left in place for about 20 m nutes or
about 40 m nutes, and then renoved gradually. The probes were then
exam ned under a light mcroscope. Follow ng the procedure, the rat
was sacr i i £RAHpkdbealtvRX 265 $ad Hﬁ]fﬁal%d %&ras&h%%iﬁh{eg'mgymﬂ@ RIREQD,
intraperitoneéally. [0108] It was found that the explanted probes were
separ at ednelpding thenfbwti frobat@heith sharks, eaf.t442, @@ the serbed Soproba 66 wiithn

(see for gx le E 4 indi cat i.ng conpl ete.di ssol.ution. pf, the

t enpor ar yS%agi uée%Eélli%nwte %Zaintsz%rpet% ex.o #ﬁ’i %Or%F‘oé%c uiat a}gsﬂ\%ﬁ ﬂ%dA gy were
neur osur geampieteln dmmethe8 Swlth theotorimaore badked 406 BfitiRsivaSi §robdd04 and e
acceptable. Further 15 optim zations to reduce the PEG dissolution

time, Sf orcoBRARHAEksPdA) B 0f thersecordi RICLS 48P 8Povedhrysstical lass, sptiag on the

and/ or  valoyhdaBsuABe. The kot bab RBISHE, X9 088 the@Raih NerdN SRl WithQDCsk e
is proportional to the surface exposed, nmay be carried out. [ 0109]
FI GS. 4A Shge aBadhidsised outioply inmaigarsinofurgery i ThedowplarEGos iproasdure prashe
device b i . .FIG 4A) and after (inmage 410, FIG 4B)
corti cal %%%%gékgﬁ%g%é%g%tgspecti vely. [0110] FIGS. 4A and 4B

i |l ustrat[@11)&FI&eparshbivon micratdpyCinagPEG0sifld siticorsPIRAWIlbE Grbeodice
after_cortical .inplantation, where the jnage 400 illustrates a
sandw’ch te‘s@@&%fnp nﬂUberEftt;‘%moﬂjﬁ_ c gk‘%ﬁl‘éj\fv‘ﬁ i ﬁé,lqprgbe fheand a
respect i Wecd@BIprotRankandddd Bautinemar by PEG. Phe ML 424 YhisRRCs heSRGON
Si probe 406 with PEG 408 in between, ‘attaching the first 25 Si probe
404 and tHigbesBlomd thy sgsepdSi nwhe 4Bdf ssperatedipem explamatiqnrorexiragtiono pfterx

[ Tust r ot carepee Pt R on £ 8 e e SHNLEDRRIIRIPO SR 11 om

t he sandviDti#¢ FoprthbeinddtatoapahatsditoorPEskpliant atoben iacludixg rthet fimn, Si

after 20 m,nutes of inplaptation in the cor For .the jnplaptation,
e ol ¢ it Land e SRaS Sperofbed vy Tudities Fginte 8eogisal elost s
surface. thit tisdobelddveccINARIRE GBibRS Whent ifPlantddC TEOE drii el burfadt IS Reftioist
al so be kept noi st (%/Fa suEpI_y of saline. {_01111 The probe device

1

402 was idprrevidisg afeYF empbe bramsyfaseadboughfeling mpealiraatively bgzsed.
includin Lf:St o & ] j,: L . .
socond LR A klRdn-PhoRIIRDE RS dULD A0 Subnftnfla RN Cert B ppinal
cortex, dhoh(x6G3F). FHe 4hshvke adtiRrosddpy iwage oCosititat-BEG-silivor psobd devict, h

th back 416.0f the fi Si be 404. and
backe aaa0Re inbrd ity &1° piobh aordioreoih sUEEH (P drroRs,Aphe e
sitting Gobm&ingOint drtifitiab béitR6spinal TRid QATBE) BACK EBRfSpetibl, of4d&, thamd 5

the brain were flooded with a-CSF. Saline or a-CSF is used routinely

in rat brBiRes (F derpinsirys shogmain HG. 3P, $he S i @rebgst32pmdoe gegppd Si

neur osci 1$ﬂe5§3|3r;of LR np s - stheos ?R)Wﬁ devibd %&?ﬁﬁ%‘r@ﬁi a:?p AReAeBnfsidh in

silicon-PEG silicon probe device lOafter cortica antation, ere
t he probéhele@iSEsolutioh.udes a first Si probe 422 and a second Si probe

424 nd each. .ot her hy P The,i mage 420 .illustrates t.he fjrst

S prope LT IR GTRHE o Elnsiiiel ToroBEohDa oo pup el il 2RHT amtheon

or extraghéistziziag tey cdfexmivitht REnOFIGEPUENimt 4P Rhdw rhibRsePit Magtdel @

Spr ague- Delv\A ey rats, 270 - 350 g). . L )
silicon-PEG-silicon probe device, as viewed from opposite sides of the probe device,
after cortical implantation on an unwetted cortical surface, illustrating the effects of probe
implantation without moistening the brain surface structure.

30 [0116] During surgery and implantation, the brain was not supplemented by moisture. As
shown in the image 440 (FIG. 4E) and the image 450 (FIG. 4F), signs of blood
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[01131 For the inplantation, the silicon-PEG silicon probe, including
the first Si 15 probe 422 and the second Si probe 424, was inserted
fully into the cortical surface such that the probe device was not

vi si bl e when inplanted. The cortical surface was kept npist by

provi ding a-CSF on the brain surface, although saline may
alternatively be used. 101141 A silicon-PEG silicon probe device was

al so subragigd4n apkt hﬁﬁl&ﬂt@thonc %{a?hfeoc?d%bﬂi}@ti fﬂeufoﬁnﬁtﬁ)ncﬁ':ﬁlood: Eiets @tDhe
shows a m croscopy i mag a silicon-PEGsilicon probe device, 20

i ncl udi ncprainfapg ghe kped @leﬁ 4(4@|p)re‘t@n@§éhm®2Pﬁfﬁr$l aanslsgenprobe ﬂc\a@ﬂ{ﬂrs‘irqm
robe 43 Ot i nal F)
For o t1 nriud sy AR, ifbliblaiEh 3 G AR ngld o SibBOLS
FI G 4D, sahdwith oftheSJirol deb@ceﬂBQ tagdhdriyesisecaniibnSis praable off ddweaftedttigin
silicaon-PEG silicon probe device were floated apart after subnersion

in the a-88Csol uti on. 25[ 01151 In anot her experinment, the probes

were i Wp:!ﬁﬂi‘ﬁd‘h'e rpraa&euﬂer@ Varibhd SAbEdiABS iHEludihp Quﬁﬂ]&né&ﬁfn%eﬂie B with
sal i ne | GS. 4E and 4F show mi croscopy i nmages of

si | i con- PESstTY, fllonsproanel rretpeelefor s bydimwergeryr %fpry@mes er sildfesseothe
the pr Ob‘in?cff &&Eéﬂ}v tg?%%#oﬁg%ntfo cﬁf&g}'h!:acirh éﬂfB’MEt ted cortical

surface |on W t hout
noi st eni r{@llﬂ]udn bamus mhoﬂammm theuhﬂsuhmg aﬁﬁ@héxﬁ](biadegrm@abM@(eﬂgd) aing

i npl ant ati o the brai.n S t s I t ed b tur As shown in
the. ngdealih et iy diirPRe orhRbetamoorser dim pleeis o i Brgi
cl otting efitds ofth la@ger vBRIREhail AEoIARY nk§ RPE&SS ¥&fdernIhe formation of

bl ood clots on the brain and the bl ood clots 442 prevented the

Si - PEG Sil0EH de epprppdned vaeopcanbpdimeninhmay prvirdg ong F mose olsthp frllemingy
f
after | hnnllfrﬁt ﬂe & gbaﬂﬁﬂggﬁgelﬂbrg%gnﬁiroﬁs é]i'f*/%nﬂﬂ'lafi SEIQGH %eul:)a'lz'%r&es r(%a)s 't

sandwi ¢ toget h post extraction ‘as a
of unwet tr ecﬂlctlmaoflrnashamfcalomsm[a@h b?t]weﬁn ehe;:hrmn ¢idsneand theyaohaodesice that may

s ot up e ey Tl B Adtfe Rt et BRoR e et (4]

probl ens aaﬁﬁﬂeétaibﬁdle\ﬂbdcﬂlbéﬁwthﬁpﬁié? Ndnb 618 adasyfl b¥neti@tién Githildr 6 Qohid@fional
met hod. [0118&ﬁ|n vari ous enbod] ments, the dissolving conponent

(bi odegr &8N &SiHraewsslipaphes veyle teiuswethepmboassys BlaHFerest weploteions i
t her ef or gq/ @aﬁref&ag%k%grg@atb%e ﬁaée i0F IR aR P n@bedd §i héarﬁ’ issfle h@b

vol ume shank di ssol ution” may not Ee a concern. [0119 he approaclﬂ'9
various dhbedipreny slusds g pREN) idbicodiesobvedrin the todint drseccﬁrqalaredvtpn@r example,

20  conventional biodegradable backbone/dissolving core based neural probes; (5) integrated
drug delivery mechanism upon dissolution of temporary glue (e.g. PEG); (6) multisite
insertion while avoiding or minimising blood clots using the method of various
embodiments; (7) a method of integration of temporary glue (e.g. PEG) in the
microfabrication of a flexible neural probe with a retractable stiff backbone; (8)

25 lithographic definition and relative positioning of the microfabricated flexible and stiff
portions of the probe through PEG; (9) there is no dry environment requirement during
fabrication, and therefore the probe may be fabricated using normal semiconductor clean
room fabrication protocol; (10) batch fabrication of the probe devices; (11) possibility of
drug delivery through PEG as PEG is incorporated in the last steps of the batch

30  fabrication process; (12) all materials left in the brain after implantation and retraction of

the stiff component are biocompatible and may be used in neural tissue; (13) MEMS
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(1) a sinple manual insertion simlar to conventional silicon neural
probes; (2) a reduction of nechanical m smatch between the brain

ti ssue and the probe device that may IS |lead to reduced inflammtory
reaction and hence reduced encapsul ati on of the probe; (3) a stiff
retractabl e backbone that may enabl e easy penetration simlar to
conventional silicon (Si) neural probes while reducing the

probe-ti SEbigafbs TRd;C Be %§§1blb mir%nﬁl%édlﬁ%anb(e‘lhale?iaﬂ &8 N8 L& Tr Smfimal
degradabl e insertion shuttles nay not be a significant i'ssue as on?

t he t enpoparigusgopienfieatign iPthE)brais, fiot exagipde dhe/edeinnantt mtdyiads mesulting from
conpar ed ntignal bi odegradabl e
backbone/éﬁggﬁﬁgﬁﬁﬁﬁg%L%a aseagggégd% probes (5) integrated drug

del i very [niazﬂja\rurmm embasﬂmhmts alayitalso mmipdrﬁan@nsaln;al gd:m:&atﬁ@; Gor Riple by6)

multisite |a§ertbon whi avoi din PIH]SIH bl ood ¢l ots u3|n?

t he net hddeohng 4hs JEREac éﬂl?%‘o&i"ﬁﬁ?ﬁ% e 75“ 438G PeBFIratign K€ g 1p
t enpor ar WefllchiRs (6 houP5ES) mis"mhP&eMGiQbRRYkIE %Itfa@&u@ eﬂetifaltlgff' ﬂa%sdural
neur al probe with a retractable stiff backbone; (8) t hogr aphi c

defi ni t 1 dienetradion ana pr@éldpdbtt @blbm tegmpant probes c\ﬂthbatmen@amdhc Ineeninged
and stiff i

e r onmeafeR S Hoplith Gy bR, Bt Tesieibhe WAREF o) S0 Helvome
mymfﬁ%mmwmmwmmmmmmmm%mmwmmNWMMMMWﬂ
prot ocol 10 fahrication robe devices; (11

st 1 | oot b6 MadrRoe it At PrcbRgtere Tural desk gopdrgieieo
the | ast shep8 i@brfidia mgézblnﬁgﬁﬁmcmc%@norpm&sﬁﬁng& Idakio@é bmﬁaalﬁfehﬁl S
left in the brain after inplantation and retraction of the st

conponenthgy Bropids @srapatdaph ranainigylly invgsisel ppint aed)sheot deden @ndfexl g)jth
MEMS f d
(14) no- arnsdll Hn SR 2aBATRL Bhdol Bliibalth REARREE KON Hoafl
due to remﬁun@thatmmnmhﬁucesult|ng fromrenoval of sacrificial matter

durin |on 1 ari ous enbodj ts may al.so | cor oraje
PR A BT R e s e S A SR R g e 0
conponentbatleboas thit tuhERPHs Chd LB EAHtOBE BBY itdifh redditing wlﬂpth\é%@ﬁﬂehieﬁ@
of about 50 m's naé?be achieved with ultrasonic genetratlon

Tr ansdur &P perHeeladiareinmipsprion il addifen dby embsddeomicipthantel gorgpesss) of
Wi t hout ey g haﬁargwbegﬁﬁlad %L Stenﬁ%ﬁaﬁ?@o&%ﬁ?&ﬁl{:@%ﬁ f3H QG

procedures and | esseni ng trauma to cortic neur er nor e,
t ransdur aiolsieﬂn’ﬂ@an tedtcob EPB@)y may sevk @s seagdnt doratrogidelivefy 4titBs insertion site.

nlcro ti-Qn experie t he brain

t el ol THeres e TR bRE e ol ipeiblnlly PPEGHR PG RhT P "
gI i al scanhmemeur@lrpmMmrdiscn@Ie& abo( prrUMiRNP eticiBRhE] dRY oR ke)arARnan
approach for. a Eénlnal E%a5|ve poi.nt__and shoot device, and/or wth

tr ansdur Af SPEABLPASTEHUEH g togeiher WithdrE Gt fheetpd iﬁr%ﬁh@wwgeqcag@smgon
| eavi ng q)réafeaﬂcah&ppﬁ&aﬁs 'The 1%1&%&0519%4@&5%111&&{ 1@ hbenthho el

enbodi nents may provid | exi’bl e neural probe wth a retracta
backbone nrﬁmmﬁmwﬂmrm tﬂn@tSraeq bis earnapprovéd bsomyqusgrgwmse Saliti avg- Q\SE h
t he rgquirs

WRSF

da sert ddi ti

enbedded ‘m ¢r 1oscr Iétﬁl}l n1( gpin rmetc%%lél )Su@%ryt’ ayfrti ee%e% ol bW @‘F ifaub F'ﬂ)rg%:e bEE
filled widissolabitityiarthe yatRbaeegnadaifiel Bk 26 mhoks exdaphamped. Pedlimihane
glycol (PEQ, may serve ag an agent foqr drug delivery at the
i nserti ot érptogesu ts with PEG based separation of the neural probes of various embodiments in

the rat cortex are very encouraging. In vivo testing in the rat cortex may be performed to

record extracellular action potentials.

30 [0122] In various embodiments, the implantation procedure for the Si-PEG-Parylene

based design may follow the normal implantation procedure for rat brain surgery and may
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20 Therefore, various enbodi ments may incorporate the PEGin the

m crof abrication of the enhanced neural probe. As discussed above,
prelimnary experinental data on separation of silicon (Si)
structures glued together with PEGin the rat cortex showed
encour agi ng proof-of-concept results. The inplantation procedure is
simlar to conventional neural probe insertion surgery in rats and
has been RARROLALEA aPYaflQHARSUISIRRS asBLialR WiTh &y CiticaldnseMidCiethsds and
routinely used in rat brain surgery, nmay be used to wet the brain
surf ace. g dotsing| Thglirogedyrejajowh éonmaultisitsriirebe iwpdantagion fwithguf tonglRping

m nut es QQQhﬁS mnutes. Prelimnary in-vivo results with PEG based
separ ati on otP'fhe neur al probes of various enbodinents in the rat
cortex ar(61233rly verioswnagiditgentd, A teigeiopdneisdtiondoica fograat Siclesipe basedonbe
performed.to record extracel lular action potentials. 30[0122] In

Var i ods. cHBANoRFRLL mayeby mraﬁ%q?bﬁomcﬁamﬁ@am of e probe evices of
Si - PEG Paribgdénttasachisdes) 68 caRYd b@aldydmnd.he normal inplantation
procedure for rat brain surgery and may overcone or at |east address
probl ens [83%0Vhilethevintention Raclrenipagiculany sheww andrdesntbid withl réfersoet to

clotting. I 0 I {Sil { n ion .
i thout 800 BAEEGHAE, & L0 dolniulddity BBt 8fed TEUAMHEE Perjous
t ar get pethetgeatin dornf end dethid maydreomadeSihertirs imgthodtadepaktiag fions theudpadt

result may be toxi mately 30 .. I nplaptati.on Qf the be devi ces
of vallt o OB HaF HBBEoH R AogBoL B HhectPRtHe A Rarhe B (e gpenton e
i nvent i onhiipmdReRA thahé hspthadd MaBRoWMA ANchad&IGIIiBE ot WhiEiheRRaRet O
speci fic enbodi nents, it should be understood by those skilled in the
art that apdringaef epyrdensyiof thesanmg ate therefard infeagedde begadrachér ei n

w t hout departing fromthe spirit and 10 scope of the invention as
defined by the appended clains. The scope of the invention is thus

i ndi cated by the appended cl ainms and all changes which conme within

t he meani ng and range of equival ency of the clains are therefore
intended to be enbraced. CLAIMS 1. A probe device conprising:
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a flexible probe that is inplantable into a biological tissue; 5a
rigid carrier; and a bi odegradable material received in a
recess defined between the flexible probe and the rigid carrier, the
bi odegradabl e material bonding the flexible probe and the rigid
carrier to each other, wherein the biodegradable material is

di ssolvable in the biological tissue such that the flexible probe and
the rigi dccafgiiser are separable and the rigid carrier 10is renovable
fromthe biological tissue, and wherein the biodegradable material is
capabl e of drug delivery upon dissolution. 2. The probe device of

cl aim 1, lher ek probhdeviecemnprissigf orned in a material of the flexible
probe. 15 3. The rob evi ce wher.ei n_t he bi odegradabl e
material is sealtj‘l.|€=X tedP ggﬂ%¥H1m8§8ﬁﬁeégﬁ§#ggo%cm§§ olyethylene

gl ycols, polysangﬁdbmﬁa;a&ygar candy and any conbi nation thereof. 20
4. The probe devi.c laim1, wherein the erX|bIe probe conprises a
pol yneri ¢ mat &9 egradag le Wﬁ%“%ﬁ?f’&é’egé% 2 deccsy defingd betweenas Hexible meobe
pol yner i %ﬁﬁﬁ@ﬁ%ﬁlcalﬁer Stk %%@Qaﬁafb%ﬁ@ﬁal%dﬂdﬂ GRo ﬁbﬁtﬂeﬂﬂo&f anfahy ligfae,
pol yi m de, i met hyl si | oxane, pol yé hy 5 5net hacryl a

silicone, caamn t@@ﬁ@ Oth@, Whﬁ@mpth@ bivddgrailabée mitegikis rissolvaible nrethcp Hidlegical
{):c gISIdI ICg{)n Sl?er sut%H e ltl?eeﬁexﬁlgaro%'é 'araﬁh 1}11%.?1‘?%& L?gﬁxf e'irggs%:};[ agolcg%ﬁ)d“l [?18 vl (I:a%gelzrng
wher eion tlkleexhbmbdxg ifedahe bivddgidal alssie)rantiewherein the biodegradable mateual is

capable of drug delivery upon dissolution.

2. The probe device of claim 1, wherein the recess is formed in a material of the
flexible probe.

15
3. The probe device of claim 1, wherein the biodegradable material is selected from
the group consisting of polyethylene glycol, polysaccharide, sugar candy and any

combination thereof.

20 4 The probe device of claim 1, wherein the flexible probe comprises a polymeric

material.
5. The probe device of claim 4, wherein the polymeric material is selected from the
group consisting of Parylene, polyimide, polydimethylsiloxane, poly(methyl

25  methacrylate), silicone, and SU-8.

6. The probe device of claim 1, wherein the rigid carrier comprises a material

selected from the group consisting of silicon, titanium, and glass.
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conprises drugs and/or steroids that are rel easable on the

di ssol ution of the biodegradable nmaterial. 58. The probe device of
claim1, wherein the flexible probe conprises: at |east one el ectrode
arranged at an insertion end of the flexible probe; and at

| east one contact pad electrically coupled to the el ectrode, the
contact pad being configured for electrical coupling to an external

circuit. 709. The prpbeddfy 6¢ c‘Pz{imCll,a'\{?E&emV‘fB@rﬁi'o@egtr&%bfe! ﬁﬁké?ﬂa? RfRAe
further conprises at |east one interconnection buried within the

f 1 exi bl e qompbees drigs andfoe pteromdsdbatiavretgagable arctht Higsadatinl dfiige bindegradable
electrodgﬁﬁ&%ﬂthe contact pad. 10. The probe device of claim1,
wherei n the probe device conprises a plurality of 15 flexible
probes, wherein the biodegradable material is received in a
respective re tween a respective f]exible probe and the

rigid3carkier QF%?%Q%T%Q@%PQ@%&B} b vheredr the B e RIABe ¢HPTISeS pect i ve

flexible probg;RAd ohB8lettrHeAnBRAELAN 2k MsEBER oA H&he fiddbleArdiRE iRd Of
fabricating a probe device, the nethod conprising: 20formng a

f1 exi bl e probat leastong soritegs padheladitieallyrmogplad b bk slyceede, thesoutact Had bringg
arigidc I er: . i l.exi.bl e probe and the rigid
3hfi CE]d fé)? %%Ftn\?maltc}%)ugg)r%cto gg e&t@ﬁjaa[)?l?cult.

carrier to € odegra e naterial between the
flexible probe and the rigid carrier, wherein the bi odegradabl e

material js received jn a recess defined phetween the flexible probe
and t¥e rrgid rprf?ebé_rd,em s{; aﬂ@;_ i WORE B @%@?@5% e campaes pileast
di ssol vabjng ihfdrdobifedbioR | RGiE abitih S84 Fleibtd pidbal tHeh@tddotiédios dEMRangnd
the rigid carrier are separable, and wherein the bi odegradabl e

mat eri al cosplagphotlectside @ndithegentedidiag. upon di ssol ution. 12. The net hod
of claim1l, wherein the recess is forned in a material of the
flexible

10.  The probe device of claim 1, wherein the probe device comprises a plurality of

15  flexible probes, wherein the biodegradable material is received in a respective recess
defined between a respective flexible probe and the rigid carrier, the biodegradable

material bonding the respective flexible probe and the rigid carrier to each other.

11. A methed of fabricating a probe device, the method comprising:
20 forming a flexible probe that is implantable into a biological tissue;
forming a rigid carrier; and
bonding the flexible probe and the rigid carrier to each other with a biodegradable
material between the flexible probe and the rigid carrier, wherein the biodegradable
material is received in a recess defined between the flexible probe and the rigid carrier,
25  wherein the biodegradable material is dissolvable in the biological tissue such that the
flexible probe and the rigid carrier are separable, and wherein the biodegradable material

is capable of drug delivery upon dissolution.

12. The method of claim 11, wherein the recess is formed in a material of the flexible

30  probe,
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30probe. 13. The nmethod of claim11, further conprising:

formng a pair of sacrificial tracks between the flexible probe and
the rigid carrier prior to bonding the flexible probe and the rigid
carrier. 514. The nmethod of claim 13, further conprising:

removing the pair of sacrificial tracks after bonding the flexible
probe and the rigid carrier. 15. The nmethod of claim 11, further

conpri si ng. t herhxmhdtodsMHing 1 QfurilieCdodmdmeglOassi st ed bondi ng the
flexible probe and the rigid carrier. 16. The nethod of claim 11,
further conpr ifeimigg a pair of sacgficialtrarks §stweer therilexibie priole and theirigid ¢aerier

bi odegr a . ' : u .eroi ds being rel easabl e on
t he di ssgﬁﬁ)’% ?)oﬁr;@lgﬁ{%tﬁéﬂ%%@gé)gébaggg?}%q{rﬁg(g %arﬁ%lgl{. 15 17. A probe device
conprising: a flexible probe that is inplantable into a biol ogical
ti SSUG g1 glﬂme%erﬂgc;de cgf’cla?nqql further comprising:

removing the pair of sacrificial tracks after bonding the flexible probe and the

rigid carrier.

15.  The method of claim 11, further comprising thermally bonding or microwave

10  assisted bonding the flexible probe and the rigid carrier.

16.  The method of claim 11, further comprising:
adding drugs and/or steroids within the biodegradable material, the drugs and/or
steroids being releasable on the dissolution of the biodegradable material.
15
17. A probe device comprising:
a flexible probe that is implantable into a biological tissue;
arigid carrier; and
polyethylene glycol or sugar candy between the flexible probe and the rigid
20 carrier bonding the flexible probe and the rigid carrier to each other, in which the
polyethylene glycol or the sugar candy is dissolvable in the biological tissue such that the
flexible probe and the rigid carrier are separable and the rigid carrier is removable from

the biological tissue.

25 18.  The probe device of claim 17, wherein the polyethylene glycol or the sugar candy

is received in a recess defined between the flexible probe and the rigid carrier.
19.  The probe device of claim 18, wherein the recess is formed in a material of the

flexible probe.
30
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pol yet hyl ene gl ycol or sugar candy between the flexible probe and the
rigid 20 carrier bonding the flexible probe and the rigid carrier to
each other, in which the pol yethylene glycol or the sugar candy is

di ssolvabl e in the biological tissue such that the flexi ble probe and
the rigid carrier are separable and the rigid carrier is renovable
fromthe biological tissue. 2518. The probe device of claim17,

wherein the Pottekdbe RIRe GF ¥afth 1@rwﬁeﬁ‘ﬁnStlltligﬁéxﬂﬂéE%e'cﬁmﬁaﬁ%'?ﬁ?ﬂeﬂerhnﬁ
recess defined between the flexible probe and the rigid carriver

19. The pribbegideviricecunpriscabiicraB, wherein the recess is formed in a
material of the flexible probe. 30 20.The probe device of claim17,
wherein the flexible probe conprises Parylene and the rigid carrier
conprises silicon
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