WD 2011/ 053254PCT/ S&2010/ 000419 1 PROBE ELEMENT AND METHOD OF FORM NG
A PROBE BVERBENMSIEEHNI CAL FI ELD [ 0001] Vari ous enbodi menPETISEREHH00419
generally to a probe el ement and a nethod of 5 form ng a probe

el enent. BACKGROUND [ 0002] I npl ant abl e el ectroni ¢ devices for neural
recording and/or stinulation may include either insulated conductive
mcrowires with exposed tips or mcromachi ned 10 neural probes with
an array of I‘RGBE@FEEFWP%NBME?}@ tﬁﬁﬁoﬂm@?PﬂgfﬁjEiiﬁﬁNT

i nportant neurotechnol ogy for system neuroscience* an

neur opr ost heti cs. However,; reactive tissue response to these devices
deteriorates the device performance over tine by conprom sing the
recording stability, signal qualj operating lifetime (their
chronic or Iong-tern1perfornan?t#&*ﬂﬂﬁigtfiE‘5 desirabl e to have
probes designs whi ch can éﬁsuppress the reactive tissue response :
and/ or re@ﬂ@H ch¥@rpes embeqimepis Jpl3trseeneratly(ig)a rrabe siment e @ mewodpf g
neural probe is to introduce an array of mcroelectrodes into a

neur al3 t i oomea ool eléroentt heir el ectrical wiring. As the probe is
physically inserted into the tissue, it is desirable that nechani cal
strength of the probe is greater than the force required to insert
the probe into the tissue to prevent buckling or 20 fracture of the
probe. Moreover, during inserti OBACKEGROUND nay injure or destroy
the tissue in a local area producing a "kill zone". It is preferred

that the [gbdd] ZOnRplbstable NtldBlonRNELAARS BIEhMBalCREbRinpeMd/drhRimulation may
m cr oel ectrodes are preserved for an effective chronic recording and

tsL iermlzat 1i88udel RithdrMinkulhfRE donlibctRRNGIEABdsY Wit LBs@ Bfs Pl RRELRtlePY

"10  neural probes with an array of microelectrodes. These devices are considered as an

impbrtént neurotechnology for. system neuroscience* and neuroprosthetics. However,

reactive tissue response to these devices deteriorates the device performance over time by

compromising the recording stability, signal quality, and operating lifetime (their chronic

or long-term performance). Thus, it is desirable to have probes designs which can
15  suppress the reactive tissue response and/or reduce chronic tissue response.

- [0003] The basic function of a neural probe is to introduce an amray of
microelectrodes into a neural tissue along with their electrical wiring. As the probe is
physicélly mnserted into the tissue, it is desirable that mechanical strength of the probe is
greater than the force required to insert the probe into the tissue to prevent buckling or

20  fracture of the probe. Moreover, during insertion, the probe may injure or destroy the
tissue in a local area producing a “kill zone”. It is preferred that the kill zone is minimal
and the nerve cells near the microelectrodes are preserved for an effective chronic

recording and stimulation. To limit the kill zone solely to the area intersected by the



probe, the surrounding tissues should be subjected to negligible
stret chi YO@P185MIessi on during the probe penetrati on. PCRISG2EHWA00E9
possible if the probe cuts its way through injuring only the

i ntersected structures and preventing ﬁropagation of the damage into
the surrounding tissues. This may theff mnimze the kill zone.

O herwi se, stretching or - 5conpression nmay tear the neural tissue

whi ch | eagstOnDiF R isasle ahdhl #BEABectddnb HELNELIEGALARE or compression

capillari edl ng to rupturing o capi Il 'ari s can cause

ext ensi ve jneurgnal di spl .or truction. .. Thy it i.s desprable
Co have. aciih B P BEARRER  Thigicaf W3 FYSL n? v, by 80750 5O
tissue without distorting or tearing the walls. [0004] Conventi onal
neurat pr SOOI BieaniarSEHEd sUCBisE i PTEYEIRRe R oPRER AR h e o the
10sectional profile (as_in "Uah Probe" or glass mcropipettes) or a
bl ade shaptTeunding tissuesaddin may ghens spningize dhg kill gpres LQtbarpnisey sypiching or
geonetry (as in "Mchigan Probe") [1], [2]. The conical shape may
seem i Yeatomhpressinomey ¢gav thetneyrad tissie wieh khde {9 neupal g¢ll deash prébernpiuming
create a tiny hole through which the probe can penetrate deeper into
t he ti ssuef bipod endillyrigsuBhicdingtdue tadpmerng of blosd eapitlamss. cafiltiasse extensive
mechani smmay work if the neural tissue were 15 nade of a honbgenous
el ast i cal hetréiedl dispRbéferi®t dédnaktioniahay,af is dekieabletd lbve hipsebtedesigned such
fibrous in nature being packed with nyelinated axons, m crotubules,

and neur ofat @EBRIbE cah bé AisércdSRtoNBe fiGe %ﬁbMist&ﬂh@bP&aﬁn%fHe%ﬂ@l "
| i ke. woven structure. A conical probe penetrating into the tissue

woul d shegjpohe tdo%@éiﬁ'o\é%l&ﬁu}aﬁ'?ﬁ J4e§%saﬁibﬁ'§msp%v%?ﬁ\4§m elr.thh%ﬁlﬁmt e

and form hg a fibrous aro t he probe urt penetration

of thFO 206% }8;%‘? r&ﬁ'l% @QQQ “gg Olﬂacﬁ)el’ A9 rssagl%r%!%ig%}ge%%grr] Zhgﬁifl% s]hzliﬁ,et ‘ﬁrith

addi t 1 onatl gorcajls requir 0 cause € pro ra er
into the tissue. The additional force,on the penetrati.n r oby Y,
spread t o GHMENENET FrTRYeCEOtsCtidih seungRe 5. m AdDghigt Prong 1B dabs
adj acent to the band may be pulled in tension. Wen the tissue is
pul | ed i nTReFAEHGhSIBRS B1Y SFea 1depLior probe gepmeiry gswwg%le%eg ogfﬁlemhecﬁag
may rupture. Small bl ood vessels may al so be torn and subsequent
i cr ohenoeredagainyhale hessehayhiel thgipsplieaen pepriraiedecrer mfoasthadisaie by geatye
scale. Thus, a conically shaped probe is probably unsuitable for
at r aunat i pushimg| thetadjacent tissue aside. This mechanism may work if the neural tissue were
15 made of a homogenous elastically deformable material. However, the neural tissue is
fibrous in nature being packed With myelinated axons, microtubules, and neurofilaments
" . criss<crossing one another forming a “fishnet” like woven structure. A conical probe
penetrating into the tissue would shear the tissue with the tissue elements eventually
stretching and forming a fibrous band around the probe. With further penetration of the
120 probe, the band becomes larger and tighter. Thus, additional force is required to cause the
probe to penetrate further into the tissue. The additional force on the penetrating probe

may spread to adjacent tissues as the band compacts. As such, the tissues adjacent to the

| band may be pulled in tension. When the tissue is pulled in tension beyond its elastic



[ 0005] Bl ade type probes, depending on their mcrofabrication
approach,woaR)11&ssashi t either a characteristic struct ureP@il{S62010/000419
t hi ckness and width converging into a point-like sharp tip or a
profile having a uniformthickness terginating at a sharp edge at the
tip. In either geonetry, the thickness”of the blade type probe is
considerably reduced as conpared to its width. Thus, the bl ade type

202 e St Ry e ST AT 535 35, GETREIH

t he conic aped pro esirable to-fur

10r educe netration,trau to th i ssue. and/Qr to prevent tearin
of the tiSESER RRRRITRRT RRoTalg of GeBHe: BrstrehiRue g o fee st
present invention, robe el enent. | s X rovi-ded. The probe

ol eront | ha¥aEaAy shancdipr P{@?ﬁej ueﬁla&égerfaagmuewaﬁ drppnt.

15bi oactive material; at |east one electrode coupled to the carrier.
[ 0007] | n EM48S)e b Bdadeeyive probes. depending ondhair micsefabdension gpproands may exlahist
one mcroel ectrode. The at |east one el ectrode may include a

pl ur al§ t yeitifer @l datactetietc sfndd@8]with drickresbend madth, conhergowr micen point-like
i ncludes a tapered portion, and the tapered portion includes

bi odegr adshaletipodd profibs kevirig &/ enifincthickhess 26HIHINE a0 a eldp edioalitheeti. In
the carrier includes a | ayer having a first surface and a second

surface f@genGeamairy,l thieMhidkaedsi 65 thes Hfaf:l@-Q?pe Pébet Re cERRRIMAIY, PQTukedAs
I s di sposed on the second surface of the [ayer. [0010]In one

enbodi ”Enéomﬁa% toA%SKHidt alhtié GRe Bladd BAR tprébd ) @sc!thY BndRSiTtighP Rssue that

can tear as corﬁpared to the conically shaped probe. However, it is desirable to further

10 reduc’éjpenetration traumna to the tissue and/or to prevent tearing of the tissue.

SUMMARY
[0006) According to one embodiment of the present invention, a probe element is
provided. The probe element includes a carrier comprising biodegradable and/or
15  bioactive material; at least one electrode coupled to the carrier.
| [0007] In one embodimenf, the at least one electrode includes at least one

microelectrode.' The at least oneie]ectrode may include a plurality of electrodes.
[0008) In olne embodiment, the carrier includes a tapered portion, and the tapered
portion includes biodegradable and/or bioactive material.

20 [0009]. In one embodiment, the carrier includes a layer having a first surface and a
second surface facing away from the first surface, and the tapered portion is disposed on
the second surface of the layer. i

[0010] In one embodiment, the layer includes at least a planar layer portion.



WO 2011/ 053254PCT/ SG2010/ 000419 4 100111In one enbodi ment, the

t aper ed py¥OL2ZIOANIB2M| udes a di m ni shing di nension in a diPCEEG2019/000419
perpendi cul ar to and away fromthe second surface of the |ayer.
[0012] I n one enbodi ment, the tapered p%rtion extends along at |east a
part of a length of the layer, and the 'di m nishing dinension of the
tapered portion provides an edge along an axis parallel to and

crmhoa menfHhe EREEmBERARG, B R0 Bk ek RUEE drdARhiHl fingiifon n o
b Odegfadabltgggggfp%dmga% Gk P sobhgg ReRERE AARIE and/or

bi oacti ve & fhelflaé S E PPN 7 ne

enbodi nen e Iayer Iudes WO O site sides converg to fo
10a poi nt lw [06‘61%‘1 °H"’6‘r‘ﬂé» éﬁb‘@ﬁ‘?pg‘g!??m%h%‘t‘? eaﬁ)"r%gn@l ’Iﬁﬁsgsa Birt of

| east one naterlal sel ected froma group of naterlals conS|st|ng of
par yI ene, lopathyeinthg dayes agl the dliminishing, dimsssion ff thetapered] ptien previsies an
enbodi nent, the probe elenent further includes at |east one

el ect ri catdgecduhgandkipasaile] tosand derttee st wayrfepne theseeehdt syrfia¢peofthe lagerst
one el ectrodes. 15[0017]1n one enbodi nent, the at | east one el ectrode
i ncl udes [01Bpastin ame crabeliment, sied bmﬂegl-acﬂam)ernaad/gr igactite nedterial dhdudes
consisting of: titanium platinum iridiumand n-doped silicon.

biodegradable and/or bioactive silicon. The biodegradable and/or bioactive material may

-

_includé porous silicon,

[0014] In one embodiment, ihe layer includes two opposite sides converging to form
1 0- a pointed tip.

[0015] In one embodiment, the layer includes at least one material selected from a

group of maternials consisting of parylene, polyimide, SU-8 and benzocyclobutene (BCB).

[0616] In one embodiment, the probe element further includes at least one electrical

lead and/or an insulated wiring coupled to the at least one electrodes.

15  [0017] In one embodiment, the at least one electrode includes at least one material
selected from a group of materials consisting of’ titanium, platinum, iridium and n-doped
silicon.

[0018] In one embodiment, the probe element further includes at least one fluidic
channel.

20 [0019] According to one embodiment of the present invention, an implantable
electronic device for neural recording and/or stimulation is provided. The implantable

1 electr@nic device includes at least one probe element as described above.



[0018] I n one enbodi ment, the probe elenent further includes at |east
one fl ui dWE20taAIPd] . 20[ 0019] Accordi ng to one enbodi neRCTHG20HWG00419
present invention, an inplantable electronic device for neural
recording and/or stinulation is provided. The inplantable el ectronic
device includes at |east one probe el efrent as descri bed above. WO
2011/ 053254PCT/ SG2010/ 000419 5 [0020] Accordi ng to one enbodi nent of

the presefjp20nVend-ailingto R BRGoMEnehOsMho Pre@etﬁ PRA1HE), aFRAhod §F forming a
provided. The nethod includes fornmng at least two trenches in a

carrier C %/ lal%hlréﬁt @Spcgf?@d.a?ﬂx? AU dR FAAG %Xﬁeﬂﬁ\% lr?ﬁc’hes in a carrier

isotropic etc materia the carrier ‘beginning t he
surtace. aftrErauPap e a%ﬁ%ﬁ%%é‘h ' %f%%%ﬂimfmp”‘é’l 1Pl Benbiiben
one enbodi nent, the first, surface includes a gnar su face porti.on.
1002211 n SHECTAgHRgtipm t{"ﬁé’e ﬁé‘t{’hf‘h'f‘ ‘1%8 rpr‘? "dB@‘é i EﬂEﬁ’F& ﬁgma'flsmg a
| east one electrode to the first surface of the carrier.
- 5 first surface and a tapered portion opposite to the first surface.
[0021] In one embodiment, the first surface includes a planar surface portion.
[0022]' In one embodiment, the method further includes coupling at least one
| _electro:_de to the first surface of the carrier.
[002??]: In Qne embodiment, the biodegradable and/or bioactive material includes
"10  biodegradable and/or bioactive silicon. The biodegradable and/or bioactive material may
include porous silicon.
[0024] In one embodiment, the method further includes depositing a mask film above
the carﬁef; patterning the mask film to expose parts of the camier; and etching the
exposed parts of the carrier to form the trenches.
15  [0025] In one émbodiment, the mask film includes tetraethyl orthosilicate.
[0026) In one ernbodiment,'the tetracthyl orthosilicate film is deposited above the
carrier by plasma enhanced depc;sition. |
[0027] In one embodiment, the patterning of the mask film includes ultraviolet
lithography and reactive ion etching.
20 [0028) In one embodiment, the patterning of the mask film includes forming a resist

above the mask film, and the etching of the exposed parts of the carrier is carried out afier

carrying out stripping of the resist.



1002311 n one enbodi ment, the bi odegradabl e and/or bioactive materi al

i ncl udes WO@BlIgE&radabl e and/ or bioactive silicon. The PSITEGHH0AGSHIP e
and/ or bioactive material may include porous silicon. 100241l n one
enbodi ment, the nethod further incl ude% depositing a mask fil m above
the carrier; patterning the mask filmito expose parts of the carrier;
and etching the exposed parts of the carrier to formthe trenches.

151002511 pogoe eMR QL BRBbdiniie sk hihkloNhElpee&spdrl SfaRt Bittier is carried
orthosilicate. 100261l n one enbodi nent, the tetraethyl orthosilicate

filmis dﬁﬂgﬁétﬁﬁ%ﬁ%x@ i&ﬂ‘ﬁtcﬁiﬂéﬁs‘?&mby pl asma enhanced deposition.

[0027] I n oOnN ment, the p erning of the mask filmincludes

o mun03bhe " 0RE ARl shE Bt il ik s SRR B Panret
SR SR RS LR s R T HE AL
WO 2011/ 053254PCT/ SG2010/ 000419 6 :
5  tetraethyl orthosilicate to remove the deposited plasma enhanced tetraethyl orthosilicate
‘from the bottom of the trenches to expose areas of the carrier and to keep the deposited
plasma enbanced tetraethyl orthosilicate on the sidewalls of the trenches.
[0031] In one embodiment, lthe deposited plasma enhanced tetraethyl orthosilicate is
removed from t-he bottom of the trénches by a reactive ion etching oxide etch process.

: 10 [0032]i In one embodiment, the method further includes etching the exposed areas of
the carrier to form a desired shape for the probe element; and removing the deposited
tetracthyl orthosilicate film from the etched carrier.

[0033]) In one embodiment, the exposed areas of the carrier are etched by plasma
etching in a deep reactive ion etching system.

1‘57 [0034] In one embodiment, the deposited tetraethyl orthosilicate film is removed
from tﬁe carrier by buffered oxide wet etching.
[0035]  In one embodiment, the carrier is a silicon wafer.
[0036] In one embodiment, the method further includes converting the silicon wafer
into a porous silicon structure by electrochemical anodization or stain etching.

20

BRIEF DESCRIPTION OF THE DRAWINGS

[003}7]5 In the drawings, like reference characters generally refer to the same parts

* throughout the different views. The drawings are not necessarily to scale, emphasis



[ 002911 n one enbodi nent, the etching of the exposed parts of the
carrier i0@aryasaz4out in a deep reactive ion etching sySET&62010/000419
[ 0030] I n one enbodi nent, the nethod further includes depositing

pl asma enhanced tetraethyl orthosilicate in the trenches; and etching
t he deposited plasma enhanced tetraethyl orthosilicate to renove the
deposited pl asma enhanced tetraethyl orthosilicate fromthe bottom of

the trenCrﬁ?s?eaﬁé?eﬁér@ﬂ?%eﬁéﬁﬂ&eﬁfugﬁﬁqu&ﬂrafiﬁ%%t eci@géégv\gfﬁ]eg Opﬂgﬁgmﬁed

pl asma enhanc tetraethyl” orthosilicate ©n

trenches. I n i t .1h sited pl asma enhance

et aet hy (o dFoRBEeS YA TR Moot SRR BVbB0oTa? B RET PRE Refpence
by a-reactiye . .0on etching oxide etch process. 10 [0032] In one
enbodinenf?“?ﬁ@ﬁﬁﬂpﬁgﬁmF%FtHEWh$hCIudes etching the exposed areas of
the carrier to forma desired shape for the probe el erhent; and
renovi ng 1#88Hepddpwadatsapvadtsrimasictthrssidimensienal famyiewtha prebeelement
carrier. [0033]In one enbodi nent, the exposed areas of the carrier
are et &hedcdeydipg tosone emborinpnt phthg piksery imeeationve i on et chi ng system
15[ 0034] I n one enbodi nent, the deposited tetraethyl orthosilicate
filmis r¢o39kd fHiguret He slews aeschbmatiufiiree-dinemxiodsl bettoretvddw nd. a probe
[ 0035] I n one enbodi nent, the carrier is a silicon wafer. [0036]In one
enbodi mentlemeheacawidirgdo boré tmbsdimeal dfdeSpresuny Bivehdtgh. t he silicon wafer

into a porous silicon structure by electrochem cal anodi zation or
stain et Ch]-l}aﬂ}. Z‘Q‘-“igure lc shows a schematic cross-sectional view of a probe element
| accé)l;dling to one embodiment of the present invention.
: 10 [0041] Figurg 1d shows a schematic cross-sectional view of a layer and electrodes of
a probe element according to one embodiment of the present invention.
[0042) Figure 2 shows a flowchart of a method of forming a probe element according
to one emBodiment of the present invention.
[0043) Figures 3a to 3g show a process of forming a probe element according to one
15 embodiment of the present invention.
[0044] Figﬁres 4a, 4b and 4c respectively show exp'erimental results of a critical
buckling load of a probe element of Figure 1 and two conventional probes.
[0045] Figure 5 shows schematic drawings of an exemplary probe element according
to one embodiment of the present invention.
20
DETAILED DESCRIPTION

[0046] Embodiments of a probe clement and a method of forming a probe element

~ will be described in detail below with reference to the accompanying figures. It will be



BRI EF DESCRI PTI ON OF THE DRAW NGS [0037]In the draw ngs, |ike

ref er enceWORALIAS825¢s generally refer to the sane parts PRTEGIHHD0041Re
different views. The drawi ngs are not necessarily to scale, enphasis
7 instead generally being placed upon_jllustrating the principles of
the invention. In the foll ow ng description, various enbodi nents of
the invention are described with reference to the foll ow ng draw ngs,

in which: a%]%rggg‘l%]i FhAUhE chBodRRNE &smﬂr’@etl(%\g gé@%@%@i?@@&tgwustﬂ ects

view of a e el ement according to one e I ment o presen

i nvention, . 391Fi. b sh a_schemati c t hree-di nensional bottom
vi ew of awﬁt%ggte&%?%ﬁé%}% e%%ggeroi n%l V&UtWe embodi nent of the pr esent

i nvention,.t Figure 1 shows, a schematj c cross-sectional vjew of a
probe el elr%'ﬁ?r] aclg%‘Prailﬁ§ﬁ?Yﬁs Bﬁéh?é‘?ﬁS'ScfﬁWEﬁllﬂmB‘?s“mit%ﬁé‘%ﬁ{‘l 3 ok Pement
10[ 0041] Figure 1d shows a schenatic cross-sectional view of a |ayer
and el ect rlgfbe@gwﬁ 1k shpwpa sehamatier thicechmansiepal §oiera visw 6 theerpboelempnt

present invention. [0042] Figure 2 shows a flowhart of a method of
form ngy al%.&j@r@ lenghaws acwbematirgeross-sectional view of the probe element 100. The

probe element 100 has a carrier 102. The carmrier 102 may include biodegradable and/or
bioactive material. The carrier 102 includes a layer 106 having a first surface 108 and a
secdn(.i‘ surface 110 facing away from the first surface 108. In one embodiment, the layer
106 may be a élanar layer portion of the carrier 102. Thus, the first surface 108 and the

10 seconci surface 110 may Be pla‘nar surfaces. The layer 106 has two opposite sides 112,
114 which are parallel to each other. The two opposite sides 112, 114 of the layer 106
gradually converge to form a pointed tip 116. The layer 106 may be made of different
materials, e.g. biocompatible materials. Some examples of the material used for the layer
106 include parylene, polyimide,l SU-8 and benzocyclobutene (BCB).

15 [0048] In one‘embodiment, the carrier 102 also includes a tapered portion 118. The
tapered portionl 118 is disposed on the second surface 110 of the layer 106. A surface 119
of the tapered portion 118 contacts the second surface 110 of the layer 106. The surface
119 of the tapered portion 118 may be planar. The tapered portion 118 extends along at
least a part of a length (L) of the layer 106. That is, the length of the tapered portion 118

I20 may be smaller than the length (L) of the layer 106. In one embodiment, the tapered
h éort_iéxj 118 may extend along the whole length (L) of the layer 106. Further, the tapered
port:ior-i 118 hés a diminishinggdimension in a direction (as indicated by arrow 120)

perpendicular to and away from the second surface 110 of the layer 106. The diminishing



to one enbodi mrent of the present invention. [0043]Figures 3a to 3g
show a prweessl/03825#or mi ng a probe el enent accordi ng to ®@/5G2010/000419
15enbodi nent of the present invention. [0044] Figures 4a, 4b and 4c
respectively.show experinental results_of a critical buckling |oad of
a probe elenent of Figure 1 and two coﬁbentional pr obes.

[ 0045] Figure 5 shows schematic draw ngs of an exenpl ary probe el enent

accor di Ng4in.n0e FHROALERAboRIont N8 p%ﬁgcgsr&g] éedr%éq Bb iaﬁﬂlg én%&'%gﬂ(ﬂ' Pand

DESCRI PTI ON 100461Enmbodi nents of apro nt a
L0119 25 SRl e AR B S BRSBTS
of the | PYARLH on OATLEY UEe La,hione A Shemll & e 4L engional
three-di n?dng%i lgg%lvhggtié 8irgw\écii g;/v a g{) ﬁtorrl)ethre) rc?obsg-seeclti%ggln\:[iew shown in Figure 1c) and
-5 two curved side surfaces 123. The two side surfaces 123 are substantially concave. The
edge 122 of the tapered portion 118 can facilitate the ease of the probe element 100 into a
tissue _(e.g. soft tissue such as brain and spinal cord), minimizing the trauma or bleeding
due ;ta-;:limpling of the tissue and capillaries.
[0049]. The tapered portion 118 may be used as a drug delivery platform. The tapered
10 portion 118 may be made of biodegradable and/or biocactive material. In one embodiment,
the biodegradable and/or bioactive material may bé biodegradable and/or biocactive
silicon. In another embodiment, the biodegradable and/or bioactive material may be
porous sili'con. Porous silicon fulfills the requirements of biodegradability and
compatibility with microfabrication techniques. Further, porous silicon can be dissolved
15 in the body within a short duration‘. After the porous silicon tapered portion 118 is
dissolved in the body, the probe element 100 is as shown in F igure 1d, ieaving behind the
layer 106 with electrodes 124 (which are described hereinafter). Biodegradation of the
porous silicon tapered portion 118 can avoid complications due to mechanical impedance
mismatch between the probe element 100 and the tissue.
'20 - [0050] In one embodiment, the probe element 100 also has at least one electrode 124
coupled to the carrier 102. In one embodiment, the prob‘e element 100 may have a

plurality of electrodes 124. For illustration purposes, three electrodes 124 are shown in

Figure 1a, and two electrodes 124 can be seen in Figures 1c and 1d. The electrode(s) 124



5 100. Figure Ic shows a schematic cross-sectional view of the probe
el enment MO.20MMNS3354 obe el ement 100 has a carrier 102. TRETE&OT06004192
may i nclude bi odegradabl e and/ or bioactive material. The carrier 102
i ncludes a layer 106 having a first suiéace 108 and a second surface
110 facing away fromthe first surface 108. In one enbodi ment, the

| ayer 106 may be a planar |ayer portion of the carrier 102. Thus, the
first sur they A8 - 1 - r

Sur faces. MERECT A Rr o Be et NS LB 02 Rr o) B e ot gurfce
par al | el h hey h ite sides. 11 114 of the |ayer
06 gr acudl 5T B Glctclos, EAh RN by Bt 5 iptoeteryhdy’ S oo SR
be made o ifferent materials, e.g. bioc atible materials. Sone
exanpl es 396 ongy” it F&iﬁuc{?s@dfeﬁ%rm%hslef%@pﬁi%@n Gk IAcBsyaled [ wiag 126
pol yi m de, SU-8 and henzocycl obutene (BCB). 15100481l n one .
enbodi menfouplgddodh atileast anspelegteoge il Ad {M@ée%nqaé&éﬁ@b angbon inglated wiringy
tapered portion 118 is di sposed on the second surface 110 of the

| ayer 310612 mayr bacmbeddedom theelayerp &9 dEqsdr tlectrode 1 B24c oy alet soupted to a
second surface 110 of the layer 106. The surface 119 of the tapered
portion lddraspyndies geatieal leathand!@pendated oviting h26 Iheealtoevods(spl Dhandathe
least a part of a length (L) of the layer 106. That is, the length of
t he taper gdctfoiltlésds) didor koulaRY witn BRI J6edstabliselbdificd] @6@blunichiiordtvith Be
| ayer 106. In one enbodi ment, the tapered portion 118 may extend

al ong t heyokteh BRGdbe(dom@h 108 ihayed i@ G tisfier t her, the tapered
portion- 118 -has a dimnishing dinmension in a direction (as indicated

by arrow @rgi]i perﬂﬂﬁghﬁHL@ﬁalg ﬁ}azg‘é y égﬁ%r fxﬁ&ﬂ?a%%&ﬁn? %Oélgctl%%(g)”‘f’ﬁ. &0

of the la 106, T Imnis I mensi on he tapered portion
118 pypvi des: an e 122 .al o n axi el _to and furthest awa
rrom e SaTuNA ELARDaCILRY B NHDaRE, 3t Sl Bl LB e

has a deltgoid cross-sectional, profi.le as shown in Figure Ic, The . .
apered pOtTAR AgoRGCIRS. 2ogus Thosh ey B Srerp ke iade maicrpl P dvi
the cross-sectional view shqoqwn in Figure 1 ¢) and two curved side
sur f aces Resessarpe firsianhihphiodegradation of paroys siliconyt inprensing s wahilitve.
The edge 122 of the tapered portion 118 can facilitate the ease of

t he probel08Fdnenin euoembedimant; ithesprebe elegnent 364 may fyrbersinelhdeat lspdione
and spinal cord), mnimzing the trauma or bl eeding due to dinpling
of the tifedis ghahnchpnél showes), TEOLDiddinechapel{sdmayr bé owsed 1 Hrnmjediieg
used as a drug delivery platform The tapered 10 portion 118 may be
made I brenc@giphitadplnts anthealssue toaappress weadtee itizsdue responsecandfbaliiateaiviral
t he bi odegradabl e and/ or bioactive material may be bi odegradabl e

and/ or bi gaGiH. he Sluidi€ @Rannklis)ais @h AAi tRAMOBAIRNGE the heodel QeleE adebisethe
and/ or bioactive material may be porous silicon. Porous silicon

fulfills Lhge Eiemehr 190804 MHe @ RIROICRARIN JihAD the TRABEERARREIHY W th
m crof abrication techni ques. Further, porous silicon can be dissol ved

15 in the y Wit hi b t S. St |
apered pPEion” LRSS 2 Ac noRkhat »0of § shiflod JIFoRRArpbe bRy 4
is as sho in Figure | | eavi ng.behind 1t he | ayer, 10 ith L
o} oot r ododd keqss it Fenihes arE Bl s Ry infiis b Easeiadall s inecsie
t he porous silicon_tapered portion 118 can avoid co i cations_due to
mechaifl cdpatﬁﬂﬂe&&n%@’ TORFRAICH Biet sasier f%é‘mw%@%ep@ egipning Eorp he
ti ssue. 20100501l n one enbodi ment, the probe el ement 100 al so has at

| east onetrasiches sushdhat the prabg| demens is firmedripslyding Gofirst quidace and a tapered
enbodi nent, -the probe el enent 100 nay have a plurality of el ectrodes
124.- For pdriesopmsitot thufisbsetace.t hree el ectrodes 124 are shown in

Figure la, and two el ectrodes 124 can be seen in Figures 1 ¢ and Id.
The el ectrode(s) 124



10 may be disposed on the |ayer 106 of the carrier 102, nore

speci fi caWORoI/Nss23¢e first surface 108 of the |ayer 106. PEASIG2010/000419
el ectrode 124 may be a mcroel ectrode. The probe el enent 100 may
further include at |east one electrical | ead and/or an insul ated
wiring 126 coupled to the at |east one bl ectrode 124. The el ectri cal
| ead(s) and/or insulated wiring(s) 126 nmay be enbedded in the |ayer

106. - Each : ' . ' '
100, EachisApt w2 B2 B6yoPHRLAYof i ERRRNSIAR 1FhRESL Ui,
ol oot 11 cafrab BRIR LA B0 debRl Bulth SRt A0 B, FERERT A i copppiads
ot ot uf St oh SRR bl oo s e
for the electrode(s) 124 may include titanium platinum iridiumand

n- doped sietiaethyl. orthesibigatesThe oeek fly 398 maypbavwen thitknebeof zhwae 01582.8 nimal
but it is necessary to first inhibit biodegradation of porous silicon

by inck eaThaigairies Hiakbiayi by.a [sOi3halel or oveferc 304.dTHE Ndarridrh®04 e include
el ement 100 nmay further include at |east one fluidic channel (not

shown) . ThiedédratiaBieCardniBiGactive miERtialelnUsrRerhbddiinBihte @il Bi8degradable and/or
15neur ot rophi ¢ agents in the tissue to suppress reactive tissue

response ﬁﬁgctifv@%altéﬁaﬁﬁﬁﬁ'ﬂ@m(ﬁhglgﬁm bhd/dr oafc'uw'é Q%iﬁ%ﬁ%?%g)gﬁegl%}engéﬁi{feﬁb 0

additional feature-of the probe elenent 100, a

o SR Sl oAU IF A SRR
Ie\lnglmagf ng(ﬁ%ih%%é&%&%%egsiéﬁ%ﬁ B%a@%@?q%vg g Jog\rfgl%% 1jnPo %01%%£ rsEIF(:E)n before
‘ 10 micromachining of the probe element 100 (at wafer scale). The silicon material of the
carrier 304 may be converted into porous silicon by electrochemical anodization or stain
etching.
[0055] Figure 3b shows that the mask film 302 is patterned to expose parts 306 of the
carrier 304. The exposed parts?306 of the carrier 304 may have a width of about 10-
15 100pm. The patterning of the mask film 302 is performed by ultraviolet lithography and -
reactive ion etching. For example, the mask film may be patterned in a reactive ion
etching chamber after ultraviolet lithography. In one embodiment, the patterning of the
mask film 302 may include forming a resist (not shown) above the mask film 302. If the
resist is a positive resist, parts of the positive resist to be removed for patterning the mask
20 film 302 are exposed to light. If the resist is a negative resist, parts of the negative resist
~to b.e fémoved for patterning the mask film 302 are not exposed to light.

| [0056]—‘ Figure 3¢ shows that the exposed parts 306 of ﬁw carrier 304 are etched to

 form trenches 308. At least two trenches 308 are formed in the carrier 304. For



20material. At 204, material of the carrier is isotropically etched
begi nni ngVOrRONASAS4 trenches such that the probe el ementPCIESG2o10/HE0H19
including a first surface and a tapered portion opposite to the first
surface. 11 [0054]Figures 3a to 39 sh?¥/a process of form ng a probe
el ement. Figure 3a shows that a mask | m 302 i s deposited above a
carrier 304. The mask film 302 is deposited above the carrier 304 by

pl asma en hﬁi&&%ﬂﬁﬂﬁ&%&,ioﬂf}i mm?eneﬁéskao%ia}mlfo% ﬁ%weilé}%ugée[g%% Bid G&RRY

orthosilicate. The mask fi'lm 302 may have a I ckness o

0.5-2.0 ¢ i Vache r fe 0 The
carrier S00° bRt i alBRE Ty BHARES MRl Cleritrapblieo-14p
one enbodi mrent, the biodegradapl e or . bioactive material nay be,
bi odegr ad4BY gilaﬁtfgtﬁg °5itg%18¥1?‘\§ B{fS n‘?‘rtPﬁC%mS'E B iscaprdi nt atter qampring
bi odegr adabl e and/ or bioactive material nmay be porous silicon. The
si | i con nowtestiippingfof e rasist. r Ther etgigng ©f ubs expased partndPeof thegarber 304 is
converted into porous silicon before 10 m cromachining of the probe
el ement 160ri¢doutuahdeesadtee ol trehisg bystom. nat eri al of the carrier 304
may be converted into porous silicon by el ectrochem cal anodi zation

or stain HIOSH ng FigO5d thovgithst pddsnmlvehandel ddtraethe] oisdsilichler®1802ddpSsited
patterned to expose parts 306 of the carrier 304. The exposed

parts 306in0ﬂ1e.f&t‘hc1€@r368€Th@%dﬁ?ﬁygrﬂﬁﬂ&datc%éigﬁ Stnoafiest 31013 HAPHRed The

patterning of the mask film 302 is perforned by ultraviol et

| i thogr apfpfeafid 312881 thY Soh G ﬁh%itﬁ'gtreﬁ%%%géﬁ efpéllgérpuf elﬂﬁﬁged{ f-gkrgétﬁgﬁy

be patterned in a reactive ion etching c ber a travio
703 B 300 SADAL T A S o ek 1 L 907
SN RN TR A LN RENR O
AN I W NS IR I R Ty
292533 E Ihgtgg l%gt%gm%rllg %\?thter{lgetnclgeg% Og)iop gfp%ge g&zé g ]63&6 thgfcartrigre 3(?4az£nrdi tg rkegpotie
deposited plasma enhanced tetracthyl orthosilicate 310 on the sidewalls 312 of the
trenches 308. The deposited plasma enhanced tetraethyl orthosilicate 310 may be
| 15  removed from the bottom 314 of the trenches 308 by a reactive ion etching oxide etch
process. The reactive ion etching oxide etch process may be carried out using
trifluoromethane (CHF3), argon and tetrafluoromethane (CF4).
[0059]) Figure 3f shows that the exposed areas 316 of the carrier 304 are etched (e.g.
isotropically etched) to form a desired shape for the tapered portion 118. The exposed
20  areas 316 .of the carrier 304 may be etched by plasma etching in a deep reactive ion
etchﬁng system. For example, the exposed areas 316 of the carmer 304 may be etched by a

timed sulfur hexafluoride (SF6) plasma etching in the deep reactive ion etching system.

The tapered portion 118 may have a deltoid cross-sectional profile. The tapered portion



formtrenches 308. At |least two trenches 308 are forned in the
carrier 38020HAS32532 il | ustration purposes, only two tr®FE030804P e
shown. However, nore than two trenches 308 can be forned in the
carrier 304. The trenches 308 may have 2 dept h of about 40-140 | AM
The etching of the exposed parts 306 o% the carrier 304 is carried
out after carrying out stripping of the resist. The etching of the

exposed pafg hasdP e Iﬂeg\ﬁﬁ&f isSiewliftad § tipAirdrh §hk Bdks-4ddtibhal SRR shown in

reactive ion etching system [0057]Figuré 3d shows that plasm

enhanced j 4 C is deposited in the trenches
308. The %ﬁ%&%@ég% gﬂ%% %i%é%éﬁﬁ?%%%ﬁthosilicate 310 is deposited on

sidewal | s and..t he bottom f the tt.en s, 308, The pl gsm
enhanced 0BLo; TERUHE i shoh JBal e, ipad AIRE OB e o eoellis sty
5000- 10000 0[ 00 Fi gure 3e_shows that the deposited plasma .
enhanced P’é’l’?‘é&%ﬁyﬁ%r BHEPY s fpm @Eﬁt?l?deqam@@oe-g-e‘?ﬁb%ff?’ﬁ@ oxide wet
deposi ted plasma _enhanced tetraethyl orthosilicate 310 fromthe

bot t on? 31afcking: A dayer Ep havingzofirst irtaep 8% ard 2 sesosd euréice tl h@ maybeidispogd4
and to keep the deposited plasm enhanced tetraethyl orthosilicate
310 on t hebakedbatdperd 3btiarf 1 1&e. g manohadeveBig: sufface d&H of ithectipgred ponrion
enhanced tetraethyl orthosilicate 310 may be 15 renoved fromthe

bot t om 31418)f Thésutfacentivesf $@8afered porvat | Memiagbeeincdbntigt xthdi@e atehd
process. Thé reactive ion etching oxide etch process nmay be carried

out usi ngsurfacé |190rsINEE hare 108HEB)easB b Bledichel 14 af 4 URLOBLRABE 124) is
(CF4). [0059] Figure 3f shows that the exposed areas 316 of the

carrier 3Qfnfdqo 8TARATAR 198 oF 8RULAPI168! | Y etched) to form a desired
shape for tﬁe tapered portion 118." The exposed 20 areas 316 of the

carri 5] S@g?gﬁqy %gtreﬁ'}a?iba 1tg;¥ si{l‘{h@f%eﬁgp -tﬂgtaggreg Egﬁ%ﬁ l,zlﬁgr?a%ib\é%oh&e@% 4

etching s exa e exposed are arrier

may be etched hy a.tinmed sul fur. hexaf!l uorjde pl as et chi ng .i

The oen PRERorDYs Sk Blriatutling TbrolRiel it PhAayBodif G Tdei o e
have a de toLg cross:se%ILonal rofile, The tapered Eortion 1&_ 118
has an edf® T80 Raeen ¢idhe tapgrsn pagtiop {4&mpy brrcomeried ie perous stiisap by

view shown in Figure 3f) and two curved side surfaces 123.
. . electrochemical anodization or stain etching.

[0062] Figures 4a, 4b and ‘.4c.: réspectively show experimental results of a critical

15  buckling load of the probe element 100 and two conventional probes 402, 404. The probe

element 100 has a critical buckling load of about 32mN. The first conventional probe 402

has a critical buckling load of about 68mN. The second conventional probe 402 has a
critical buckling load of about 50mN.

[00631 The two conventional probes 402, 404 are stiffer than the probe element 100,

_ 20  However, the isotropically'etchjed sharp tip and edges of the probe element 100 allow

| éasé of insertio.n of the probe elélﬁent 100 into a tissue. Aé such, the mechamcal strength

- of the probe element 100 is greater than the force required to insert the probe element 100

into the tissue without buckling or fracturing of the probe element 100. Further, the



[ 0060] Fi gure 3g shows that the .mask film 302 (e.g. the deposited
t et r aet hyWO@HtINS583sHi cate film) is renoved fromthe etch®ETE&20106008394
e.g. by buffered oxide wet etching. A layer 106 having a first
surface 108 and a second surface 110 nﬁﬁ be di sposed above the
tapered portion 118 (e.g. on or -above e surface 119 of the tapered
portion 118).. The surface 119 of the tapered portion 118 may be in
contact W C ' f - : :

Wahlel Brf PRC(SHE bARE clctflerd J)ob H5ay) @LEEdc Ohin the 1iGRE b @ ine,

el ectrode two el ecCtro isco edtoafirs

108 of the |. 106.,.1010061.LAl t ti t he. sili i
oA el O B bhf IR iR Tl Ay
t turi th b I t .100 t | ndiVvi | devi, ale). Th
Sl oon raBdEIRER A A R SieRereh POTEn B ab SYAIA GRmPRLRIPH 4he t

porous silicon, by el ectrochem cal anodization or stain etching. .
100621Fi gieegnical impedancg mismateh hebygopahy pegbs\olemgne 10fand dhe tisue Wndikef
a critical 15 buckling |oad of the probe elenent 100 and two

converd i othalpreieo blemer0200,4bd twihmnperdivaalepwhren 102,000 as motcripddgraable
buckling I oad of about 32nN. The first conventional probe 402 has a
critical dndédelbiogrtiveatlhnes tiah eethdadraNimpédanse atsndatclo wfahié itwo aonntibsal
402 has a critical buckling | oad of about 50mN. [ 0063] The two

conventi Oﬁralaéémm@ﬂtl Afith t0dssae Qmﬁ&deg fagrextrd affrainén MEORSUE] RARhg Holle
20 However, the isotropically etched sharp tip and edges of the probe

el ement 106,8L! Q¥ BADE: Miplids Shd uRPisH of M€ cOIRBRR g%@g 48900} ri'ﬁag/ f?’é

ti ssue. As such, the nechanical strength of the probe elenment 10

greater tRaLifid g&?k{n?ﬂig%%feda}rgﬁld B3 R(derbdRPIARE S AR G pH8ed 85

the tissue wt racturing o he probe e
Furt ?r,‘kne 14 tapered portion 118 of the probe el enment 100 may
degrade wthin the tissue over tine, |eaving behind electrodes 124

on a |lay 6 (e.9. bipconpatible polymer. | ayer). Bi odegradajion, of
the por 2 dboedly’ cgw%feagé?wnﬁgwmd@w g aﬁ\FéF’Bz"@F}hB‘F’BESgF‘GH'sgd%EhG 0
mechani cal i npedance m snmatch between the probe el enent 100 and the
tissue. Umphaclemens SHP oty have adength olaborhz-4tmm, & widibof Abmi 50308 bes and

402, 404 are not bi odegradabl e and/ or bioactive. Thus, the nechani cal
i npedancen thicknass ofi atadut #0-S0fum0 Tho tip €02 bbthel pretieod@niernt 320 ni)havé & vidtief
ti ssue inposes an extra strain on the tissue, inflicting nore damage.

For chr ondygud TR ANNE = thidRndsy BEIHRN3 9tint. %oﬁ@%ﬁdﬁih@@@?ﬁ@ﬁ%ﬁerﬁ% g(()()s )

404 may fail as a scar tissue nay encapsul ate aroun ectrod

O I R e 50 T Q50 0RO LM o TSP

60pm.. The tip 502 of the probe element 500 may have a width of about 3 pm and a

thickness of about 5 pm. In other embodiments, the dimensions of the probe element and

the tip of the probe element are different. Simulation is carried out for the exemplary

- probejelement 500. A cantilever structure with a T-shape cross-sectional profile 504

120 \;vhiéh.:approximates the probe éhape (e.g. deltoid) of the probe element 500 is used for

the simulation.- The simulation results show that the critical buckling load of the probe

element 500 is greater than the minimum force required to advance the probe element

500 into a tissue.



probe el enent 500 nay have a | ength of about 2-4 nm a w dth of about
50- 200 prwOoaAt/®@32Mi ckness of about 40-80pm The tip S0PCAISG2HW/00043De
el enrent 500 may have a wi dth of about 2-8pm and a thickness of about
3-7pm In one enbodi nent, the probe el nt 500 15 may have a |l ength
of about 2 mm a width of about 123 gAm and a thickness of about Om
The tip 502 of the probe el enent 500 may have a width of about 3 pm

and a thiglogsss of t}@qﬁwe éerﬁsﬂt 5|00 @hﬂaé o?@%o%lfﬁeﬁﬁ&n G EBRER DO

of the probe el enent and tip of the probe elenment are different.

ot T, Ban! e A19Lce8 B "‘isg‘ﬁ*" SE IR AL Y ROR B BUARRE nd0 i icon
whi ch
oo e PR iERY S maieR RO T AR 1%8?%3“%&%%%2?‘%@%? Fe2RPE besomes

that the critical ckling.load of the probe, elenent 500 |s greater
than t he RATATSMBA F‘&# s PENiFPRE Teducidvaic@ay be © Y56 PEaRorianellE outh the o
a tissue. 15 [0065]If the probe elenent 500 is made of e.g. solid
silicon, pafesiprrtie Rareypesilicondgving arposesitydetinebtbouhi@sthae Yoneg s eodulus
wi t hout facing the problem of buckling since solid siliconis a

hi ghly stéffdbonmt2iRallf the phobéclemens 560 duinade of thalabore &OOERd . pordustsiizon
silicon becones porous, the stiffness of silicon is reduced and nmay
be reducedatprislpchet siambdtioy mayt Berfehe posriRal Yudkdihi doadPof et Vi1 €or the
having a porosity ratio of about 70% has Young's nodul us of about
12GPa. | fprbheeipmenesoel ement 500 is nade of the above described porous
silicon. ‘material, the sinulation may generate a critical buckling

0ad’ of " 3ag6k) 21Me R mdrBDEREO WG &gamedﬁ,%%e éﬁﬂl@ﬁ@%m% ba0IsEd A an

t he above descrlbed probe el enent e used in an
-10  implantable electronic device for neural recording and/or stimulation for e.g. application

of rehabilitation and neuroprothesis such as invasive brain-machine interface (BMI). The
probe element 100 may be inscrtcd into e.g. a brain tissue for neural recording and/or
stimulation. The isotropically etéhed profile of the probe element 100 with ultrasharp tip
and side edges allows the probe element 100 to transect the brain tissue across the full

15 width and the full thickness of the brain tissue as the probe element 100 is advanced into
the tissue. Thus, initial insult and penetration trauma to the brain tissue may be reduced.
No or minimal tearing of the tissue may occur. The tissue encapsulation around the probe
element 100, which may debilitate chronic functioning of the probe element 100, may be
reduced.

j20. ' [006_7]': HerQer, given the Asti‘ffness of the probe matel;ial and the soft brain tissue
undergoing constant micromotion, the cutting insult may continue to linger even after the
probe element 100 is inserted. After a stab wound is inflicted by the probe element 100,

the brain tissue can heal and completely recover from the wound within six months if the



10i nmpl ant abl e el ectroni c device for neural recording and/ or

sti rmul at V8@ 200705825¢. application of rehabilitati on and REWSOGRHOIHELP s
such as ‘invasive brain-machine interface (BM). The probe el enment 100
may be inserted into e.g. a brain tissH§ for neural recording and/or
stinmulation. The isotropically etched profile of the probe el enent
100 with ultrasharp tip and side edges all ows the probe el ement 100

to transeglopt BRIRAAIGD it kaBiRd MO Ser iEinkdtibn. 1owbhid bl aaneult RSl the

thi ckness” of the brain tissue as the probe element 100 is advanced
into the woﬁé&%ca%&“& tgle @fah' %&&%‘ﬂ&def?‘@ RFFREL Lidlife n{li%i@n‘x’{rﬁ)r} et (ffer
brain tissue may be reduced. or mnimal tearing o e tissue nay
occur. The tissue encapsul ation around the prob | e 00, ..whi ch
mmy debi | 1 BTGty SR AR e e, des® pBBET oPaRah the, B fiskye ey
reduced. 20(Q0671However, given the stiffness of the probe materi al
and t he skPBchy} Kaplive EUpNAITRERSG Y HER %ﬁt&mtaa%%r figsue areund G, Probe The scar
cutting-insult may continue to linger even after thefprobe el ement
100 i s> i ntesre aels asvn igsulatos fuathengppanating therdacirode(d) 134 affiles prrboelemrrindt
100, .the brain tissue can heal and conpletely recover fromthe wound
wi t hi.n si fromowrthscélls. Thes, theGepfoobance b€ neurtl stidtulatenrapdwecedling ghthe afdber
the insertion. It would be difficult to identify the wound | ocation

i f the stébmuaslodoney badiegradahhy dlel sighalssdeay Irepidigndithi itenscre@ded tdiance
ot her hand, for chronic inplants, the brain tissue does not heal.

| nst ead, bdiRedt @k RlckirSdd(® 178¥nd tidlifbal Rell$ TGt et el (RITEHRRESPOMNR S (i3 N
fornms a scar tissue around the probe. The scar tissue acts as an

i nsul at Orvécr}('.);:g hidtersd a@ta'g{%l&moﬁ,&,ﬁ%trﬁ@ﬁ(aé)bia&%r%iibrehsolp.ﬁeﬁaemcluding

el ement 100 from neural c s. Thus, the performance of neural

s i s Silulee, GREESS, MR, b Brblofo e B ity Y u i S B
Cear 11 sctlgnent, tho B oAty BRY AP 15825 ok ot P ot a0 C Bl Htaion

bi oconpat|j bl e pol rs includi . . .
P insult t(P they rt‘E‘s:}suc may be reggced by reducing mismatch between the mechanical

impedances of the brain tissue and of the probe element 100. Nevertheless, the more
~ compliant the probe element 100 becomes, the more difﬁ.cult it gets to insert the probe

15 element 100 into the tissue before reaching the critical load of buckling.
[0068]) Further, a biodegradable and/or bioactive material may also be used for the
probe element 100 (e.g. the tapered portion 118 of the probe element 100). Thus, the
probe relement 100 can be rendered to be biodegradable and/or bioactive postprocessing.
Once the probe element 100 fulfills its function, i.e. to facilitate the insertion of an array
20 _ éf miéroelectrédes and their associated electrical wiring into the tissue, the tapered
portion 118 of the probe elemént 100 is allowed to dissolve within the tissue leaving
behind a compliant thin-film array of microelectrodes and their insutated metal tracing

(as shown in Figure 1d). Several biodegradable and/or bioactive materials can be used for



10 polyim de, parylene, SU-8, and benzocycl obutene (BCB) may be used
for the pVOR811458HEnt 100, in particularly the | ayer 106C3fSGZAW/G9p41Be
el ement 100. Post-penetration insult to the tissue may be reduced by
reduci ng m smatch between the mechanic i npedances of the brain

ti ssue and of .the probe el enment 100. Neverthel ess, the nore conpliant
t he probe el enent 100 becones, the nore difficult it gets to insert

the pr Obetheléﬁérgéﬁ;ﬁhio%oﬁ g of Be héod tIERE 1R M dRvevBRGIMARHAIN S &5l 41
| oad- of buckling. 10068] Further, a bi odegradabl e and/ or bi oactive

Caper o oot RISy pfSBRErelchbose b IR, L0 R obe

el enent 1 an render.ed t.0 be bi.odeqgradabl e and/ or biogactive )
post pr ocelSAE dhce REPEr SR oHERE og FAN: MAES: SOPARGR dhed i
i.e. to faciljitate the insertion of an grray 20 of_m croel ectraodes
and’ t hei r THTRBERGAOR af JH rie: W?lﬁn@d?% lqapave; j Hayievert piboem herompes
portion 118 of the probe element 100 is allowed to dissolve within
t he tiXsubiofegiodable pediphbiogctssnyhemat ist miade Porawsad payngpilicon into porous
m croel ectrodes and their insulated netal tracing (as shown in
Fi gur e 1ldjtrucBev ermbe bealded) thaokeghl @g.asledtmch@npalcariodezanen er stainsetclang. Bithe
used for 17 the tapered portion 118 of the probe el enent 100.
However, porgsifieationl techiiquzican beadpplied eitzatonlthe raw tshbsaer @fafdrrsicsla) badore
procedure, is desirable. 100691For exanple, silicon, which is a raw
mat eri al  seFHRBtNIniHS OF thd\pitbé elhihfs| A o104tter i stubt@fing kiROBObAdRRIeRts 100
and/ or bioactive. However, silicon becones biodegradabl e and/or
bi oact i Ve(iﬁmeﬂuéltdévﬁzem . ARERbte, p-B%lf%'s‘ilﬂ:oﬁ'clah QR hbddh Qs MY AMBral for the
structure can be realized through 'e.g. electrochem cal anodi zation or
stai nyetching.. PRHR0Sd i cat [ | j.e LLher
tho 1Ly chisB?; L CRIEE! i S| Rh BRI B e BE L Eub e WA
el enents 100 ol .af t er., ?%irum uring the probe el enments 100 (i ndividual
AORHEPRIYS

devi ce- scAf%ES 9“For ous sil'icon can be chosen as the

mat eri al t he 10prohe el enent 100 as it is biodegradabl e and/ or
bi oact i vefoﬁfﬂ%i i's Eiﬂﬁ%%ii ilicono; 0 FISERUA JEACP CBITON PRCRRAGRIOL Product of
[ 00701El enental silicon is. an essential trace _nutrient,
Bi odegr adRRrpP¥n siicemuerhestliciopeids(SQRIEHNIs thet fy predpmingatly absorbed by
(Si(OH)4), is the formﬁ)redom' nantly absorbed by

humans and is naturally found in numerous tissues. Furthermore, silicic acid administered

15 to humans is efﬁc.iently excreted from the body through the urine. Normal human blood
plasma and serum contains silicon almost exclusively as monosilicic acid Si(OH), at
below 1 mg/L corresponding to an average dietary intake of about 20-50 mg/day. The
small thickness of the porous silicon tapered portion 118 of the probe element 100 may
miﬁimize the likelihood of toxié concentrations being reached. For example, the complete

20 ciissohiition of ‘a 10-by-10 probe array having about 2-mm-long, about 50-pm-thick
microi:orous silicon probe elements 100 corresponds to an ingestion of less than about 1

mg, which is less than the bioavailable silicon found to be present in a pint of beer.



humans and is naturally found in nunerous tissues. Furthernore,
silicic agOdoHdIBsistered 15 to humans is efficiently ePCTSGe0GITY
the body through the urine. Normal human blood plasma and serum
contains silicon al nost exclusively aslgnnosilicic acid Si(OH), at
bel ow 1-ng/L corresponding to an average dietary intake of about
20-50 ng/day. The small thickness of the porous silicon tapered
portion 1iéh7af theuren e RIBAEBSdYLOR dTRYIVE pordlsZilidoRawithik @l shbR Qdradibn.
toxi ¢ concentrations being reached. For exanple, the conplete 20

di ssol ut i @By Sfanfpld SEM obSerPARAS 6 & axrié?f\sr”ggmap@gfco@smr&rm orPR3ttn
50-pmthick mcroporous silicon probe elenents 100 correspon%s to an
i ngestion - , s Whi is hess than the

bi oavai | abyﬁ)tfg As?’?‘?ué%t%@r% ggﬁgﬂﬁ%%%ﬁe'ﬁp}n@;éeaﬁp o pégﬁéjirﬁ%m@? Qofené?s.o POTpYs layers
[ 00711Furt her, the human body can_di ssolvye porous sili,con within a .
short durg?‘f‘%?bq‘i'brl HEX S5, émwag"éaomtvaﬁ abos 620 y2f Brigccotrepyibigs
silicon structures upon reacting with a sinulated body fluid (SBF)

i ndi cat edadanpisst e renoval of mesoporous |ayers having about 1 gm

t hi ckness, about 70% porosity and about 640 nR/g surface area within
a day or HW72] 100h2ltipged topgeciphy pdgoaplsilifonpmap ke Isnkficainfoiraie biesue
beneficial for the tissue conpatibility of the probe el enment 100. The
reactive tompdidilitg Hfahs prdbeadlefan crid! The aeactiap bR REpched ARk teW@ates a
ti ssue around the probe el enent 100 may be dependent on the surface

t opogr aphyapiiletdTeoRh@Ri%e st ioudPthe idbe @it 200 e B&REpNBeRfon the
connective 10tissue fornmed on solid silicon showed an increased

t hi ckness ' [ ' [

the. por ol T  MsAFphD et BRUCAREHLAR 100, EOLPREMIY Mk (R SOLRERR
Surfage t f =12 f. [ .Sl ljcon | direct
Fi'br ofl as P PR of o8 ko ey T B nROUsRE itk ey Y Tl gy 8
produce a . mnimal_ connegtive tissue respqgnse, It al so prevent.. or
Gi m ni sh_ PhoMeetus Agsdsy formed g Doy SHERn sshgwet it AR  apde saller
bet ween the probe elenment 100 and the tissue. If the pores of the
porous si thickaessaver timegeprfageatapegsarity of aboyinl-2 W efrprrewy silicas) may alew
invade the pores, i.e. infiltrate the surface of the porous silicon.
Thus, t hedicshpibsittlash mttafhndne tpribd sudheeneithelp@ose eilison @ndanayf produce a
secondary i nportance conpared to the surface texture of the .probe
el enent lfthimbhevamelibleeSsue tréspoafRaiemaly dlsvepervaicoredignimsti tOpresence of
descri bed

15 inflammatory cells at the interface between the probe element 100 and the tissue. If the
pores of the porous silicon are larger than about 3.3 um, inflammatory cells can invade
the pdres, i.e. infiltrate the surface of the porous silicon. Thus, the composition of the
probe element 100 seems to be of secondary importance compared to the surface texture
of t‘hcr‘_probe element 100. Nevertheless, the shape of the probe element 100 described

20 abové,:and its biodegradable ané/or bioactive feature could address the soft tissue trauma
and subsequent formation of connective-tissue capsule to the extent that the presence of
electrodes 124 and their dielectric insulation for chronic implants would be of negligible

concerm.
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20 CLAIMS What is clainmed is: 51. A probe elenent, conprising: a
carrier conprising: a layer having a first surface and a second
surface facing away fromthe first surface; a tapered portion

di sposed on the second surface of the |ayer; 10at |east one el ectrode
coupled to the carrier; wherein th%)tapered portion conprises

bi odegr adabl e and/ or bioactive material; wherein the |ayer conprises
at | east dﬂﬁﬁgteri al selected froma group of materials consisting
of paryl ene, polyimde, SU-8 and benzocycl obutene (BCB). 152. The
probe el enent of claim1l1l, wherein the at |east one el ectrode
conprises at |east one mcroelectrode. 3. The probe el enment of claim
1 or 2, wherein the at | east one electrode conprises a plurality of

el ect r odd¥hatxrlamedie probe el ement of any one of clains 1 to 3,
wherein the | ayer conprises at |east a planar |ayer portion.

5 L A probe element, comprising:
a carrier comprising:
a layer having a first surface and a second surface facing away from the
first surface;
a tapered portion disposed on the second surface of the layer;
10 at least one electrode coupled to the carrier;
wherein the tapered portion comprises biodegradable and/or bioactive material;
wherein the layer comprises at least one material selected from a group of

materials consisting of parylene, polyimide, SU-8 and benzocyclobutene (BCB).

15 2 The probe element of claim 1,

wherein the at least one electrode comprises at least one microelectrode.

3. The probe element of claim 1 or 2,
wherein the at least one electrode comprises a plurality of electrodes.
20
4, The probe element of any one of claims 1 to 3,

wherein the layer comprises at least a planar layer portion.



21 5. The probe el enent of any one of clains 1 to 4, wherein the
tapered portion conprises a dimnishing dinmension in a direction
perpendi cul ar to and away fromthe second surface of the layer. 5
6. The probe el ement of clains, wherein the tapered portion
extends along at |least a part of a Ie%bth of the layer, and wherein
the di m ni shing di mension of the tapered portion provi des an edge
al ong an axis I f t fromthe second surface
of the Igyer.Tﬁgggk?%%n%ggﬁgggPgééﬂggqugﬁé’one of claims 1 to 6,
wherein the bi odegrgdapl e and/ or bioactive,.material. conpri.ses.. .
bi odegr adabl o "RRETDALIBEES PYHD; FITUBHES 8 AU e T Rr R GrEPhi m
7, 15wherein the biodegradabl e and/ or bjoactive material conprises
porous siPRiPERHculy topag appplemdhesrepnd wrfaghof BakYSF clainms 1 to 8,
wherein the | ayer conprises two opposite sides converging to forma
poi nted tip. 2010. The probe el enent of any one of clainms 1 to 9,
further conprising at | east one electrical |ead and/or an insul ated
Wi rin§ céupl edhe probheleatent astimdine el ectrode. 22 11. The probe
el enent of any one of clains 1 to 10,

wherein the tapered portion extends along at least a part of a length of the layer,

and wherein the diminishing dimension of the tapered portion provides an edge along an

axis parallel to and furthest away from the second surface of the layer.

10 7. The probe element of any one of claims 1 to 6,
wherein the biodegradable and/or bioactive material comprises biodegradable

and/or bioactive silicon.

8. The probe element of claim 7,
15 wherein the biodegradable and/or bioactive material comprises porous silicon.
9. The probe element of any one of claims 1 to &,

wherein the layer comprises two opposite sides converging to form a pointed tip.

20 10.  The probe element of any one of claims 1 to 9,
further comprising at least one electrical lead and/or an insulated wiring coupled

to the at least one electrode.



wherein the at | east one el ectrode conprises at | east one materi al
selected froma group of materials consisting of: titanium platinum
iridiumand n-doped silicon. 512. The probe el enent of any one of
claims 1 to 11, further conprising: at |east one fluidic channel.

13. An i npl antabl e el ectronic device f® neural recording and/ or
stinmulation, conprising: 10at |east one probe el enent of any one of

clains | tl?. 12The probe element of any one of claims 1 to 10,

wherein the at least one electrode comprises at least one material selected from a

group of materials consisting of: titanium, platinum, iridium and n-doped silicon.

5 12.  The probe element of any one of claims 1 to 11, further comprising:

at least one fluidic channel.

[3.  An implantable electronic device for neural recording and/or stimulation,
comprising:

10 at least one probe element of any one of claims 1 to 12.



