M CROFABRI CATED NEUROCSTI MULATI ON DEVI CE FI ELD [ 0001] The present invention
relates generally to the field of interacting with biological tissue

t hrough twe wswssf21el ectrical probes, and nore parti cul aClrgB2009/00T7EY act i ng
wi th a neurol ogical target through the use of m croel ectrode probes
BACKGROUND [ 0002] Neurostinulation is a category of nedical devices that
are used to transfer electric charge or electrical fields to tissue and
result in a physiological change which benefits the patient, or perforns a
physi ol ogi cal neasurenent Neurostinulation is used today in the cochl ea,
the retina, the peppheral nerve system the spne, the bram and other parts
of the body [0003] |In a pEROFERRIGATE) PEVRETIBULAOTONaEVOSE | mul at i on,
conductive el ectrodes are placed in contact with certain deep brain
structures morder to treat certain neurological conditions In the case of
stinulating the Subthal amic Nucl eus, fd&F&anple, as described in U S Pat
No 5,716,377, or the d obus Pal hdus, for exanple, as described mU S Pat No
5,683, 422, tmmnlhEmamwamaﬂmﬁmﬁam%@hemﬂywmkdﬁﬁoﬁmmhhmgnﬂmbmmbammﬁers such as
Par ki nson' s i I
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t herapy can @W@§¥m¥ﬁ§ﬁ§9ﬁ$#6 cBPbeEpi | epsy [ Theodore, WH , Fisher, RS,
"Bram stimulation for epilepsy”, Lancet Neurology, 3 (2), pp 111-118,
(2004) ] [0004] An inplantable puIs@AgﬂmaomNDr supplies the electrical
signal to the electrode | ead m contact mﬁth the bram structure Al
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placed m cont ac ramti ssue een met a i nd rlca and
rel atively |%egeal ﬁ‘fléﬁ tg fsspegang;resultgn @Wl?ﬁlqa@h@]ﬁﬁymfmbeﬁ%whe@a@é% or petfms &
el ectrodes qm&m&%mhﬁmgﬁmﬁﬁmtN&n&hﬂﬂh&hh&&ﬂﬁ&@ﬁmﬂﬁe&ﬁﬁhMﬁSmﬁhﬂmb&@g@dSIZe of

el ectrodes preven&nlﬁgeﬁkﬂ&ﬁnan%dg&eC| erpli gulatlon of small bramtargets

such as thelﬁgﬁd%culo nt’ne nuc eusa?ﬁe resu ¥ng | arge electric fields and
associ at ed dﬁ?%bn@apmlﬂ%ﬁr Frligptiongef Mewseshaylativp.corspeiivedecgpdes prerlpredimeoniastd do not
concent [) at e vam ctdgn dgwk@m@dctﬁ@m &herE&&etahf@ﬂme@rglogla@ﬁ&ldikia{sg@lt&l BCbf gdes

cannot be us to i targets o ra neural -recaordny
because t he ngMmgﬁm%q%%%%F]§§h$%%ga?mw&§s%z %Tnﬂﬁr%%ﬁﬁ-iﬂéﬁﬂ  §i¥s t hat
det er mi ne plGcrBailidug for sxapinleras deastribgeiny 3. Brtge. BPBELE dddsrapy @n gecapl i shed

cut aneousl y s?ﬁﬂptt)lhsr of tMo'veQﬁe%{ ﬁlk(ﬁ‘&rS@uJb%& ﬁ’ag‘ﬂlﬁégd Ydisie l Elsseflt%l ﬁemor@pﬁysmadhleﬁqge ter
probe) The rela |veJdéngd]iile robe can be inserted al onghan approach near

the target REESHH™ Cﬁfé lam. Hipnopagippspnd ofper Brain seigresShe gy rag get fhe
advanced al opgptotheot apippoaCivodont It Heer REotRislsthataget foi pildpeC Alued: The dept h

of the probeg.fr Jef.e ecorded and the relatively large
el ectrodes 2¥20?%%2§)q% lrl?Iﬁ:ga(zloieﬁsame traj ectory, being placed at the

recor ded ded?%‘*}rhfi*%lma%été%@lSF EengraiipRPkies theeitftiriedl ﬁglaétﬁitbgﬁllevroéqémd|ue@n%r geon
to place bOhh&Mh&nmﬁﬂb&mandl&ﬁ@@km&héﬂﬁk@ﬁhﬁﬁmﬁ Reposi tioni ng and renoval

of the probe, serti f th ectrode ect t atient to
hei ght ened §@ as tonnm- ??geq% dﬁﬁmgmgﬂ%%bgggﬁm&mHﬁggﬁgFggsed [ 0007]
Att enpt s hawvelingdeh alrﬁaeleﬂvalv 1%\%1%&?1&} Ifi rep @rﬂ%ﬂbﬁh} damewy C@F@S/ the elscirofrsere s cal |y

designed to large as the brain structures themselves. The large size of electrodes prevents specific and precise
stimulation of small brain targets such as the pedunc{llopontine nucleus. The resulting large electric
fields and associated current paths stimulate other structures of the brain, and do not concentrate on
the intended target. Furthermore, these large electrodes cannot be used to identify the targets of the
brain by neural-recording because the area they cover is very large.
[0006] Current techniques that determine placement of such relatively large electrodes are
accomplished cutaneously by first inserting a relatively small (e.g., 600 pm diameter probe). The
relatively small probe can be inserted along an approach near the target. Recordings of neural
activity can be made as the probe is advanced along the approach until the intended target is located.
The depth of the probe from a reference is recorded and the relatively large electrodes are inserted

along the same trajectory, being placed at the recorded depth. This process is complex, requiring a



incorporate an array of mcroel ectrodes which can stinulate small vol unes
of tissue mthe deep bram for exanple, as descpbed in U S Pat App Pub
2007/ 01 M80O2d10/083642iMul tisite M croel ectrodes for Use i nrPHEIMmoDeep1Br am
Stimulation” by Hof mann et al , M crotechnol ogi es in Medicine and Bi ol ogy,
2006 International Conference on (2006) Pgs 284 - 287 The prior devices
however do not have a clear path to clinical use because they are too
unfam i ar t bighiheilke Bir@siio gherbopaicfpberind tutd fhe ckamoliamtmsiiammepndeadur« [ 0008]
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SUMVARY [ 00184y J&i wﬁefnfshrgicﬁmopéhlgmuk@n mapmm@rm&dod&@m&ﬁ fnbh@ttnlg RS, small
el ectrodes are p?e surgeon
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the identifi glgla&ggalgqlggfegse[l&gt%] For efficient stinulation of |arge bram
structures, ectrodes that contain a higher nunber of edges are provided

[0012] The ¥Rt Bifrdiaepiate qurress éﬂf@ﬁ%owwe Frsie ot PRTRIORRT BYeSP &t 1 ode
structures iloutsheidicame aahdeatd owsn bhige Sileng &0 istpicalpplwkealusiggal t o each

m croel ect ropﬂ&ecﬁl?q‘%%@&& Yed CQ& EQch%ﬁ@uﬂ @Ag[ﬁjﬁé - DRGTTRY xRl &o?%u?g(}ctaf oni cs to
a e

record neur activity from t he system surgeon can devel op a | ocalized
map of neur alomBRlRRF F1gm plreding ar tsgig PWgWP%?ﬁbX Iﬁ@a‘é‘F BEttop ehd crEctionpf 5 ewd

[0013] In Ol‘tﬁroaiﬁ[[he@st Postsﬂamtyltmveﬂhﬂcoeadsraeé @t @&ist9 Iafed Makdntahbe foaeyr ol ogi cal
2; ?gﬁglggn?eg%’n er o?legsg‘ris 195119&3 in ﬁl er%%datgno a(/re]mel Olgrglagr%sedpﬁa%ceeof ™ e%‘tlotn dl?‘entg ar?‘ n

e elene
open cramotomy for several hours
SUMMARY

[0010] For efficient stimulation of small brain structures, small electrodes are required. After
placement of the electrode lead, the surgeon should be able to identify the area of the brain that
requires stimulation by recording from the electrode. Subsequently the surgeon should stimulate the
identified structure.

[0011] For efficient stimulation of large brain structures, electrodes that contain a higher number of
edges are provided.

[0012] The invention describes a system which places many microelectrode structures in the brain,

and allows the surgeon to apply a signal to each microelectrode separately, or in parallel.
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di sposed at a distal end of the el ongated probe shaft At |east one

el ectpcal contact is arranged proximally al ong the probe shaft The

neur ol ogiweal2oresbeial so i ncl udes at | east one el ectri calPCToRZOZO@IT1IM

el ectrical conmmunicati on between at | east one of the plurality of

m croel ectrode el enents and the at | east one electrical contact [0014] In
anot her aspect, the nvention relates to a process for stinulating a

neur ol ogi cal Futergete, ikhe clpriosessrermd aedekacivig fram the agtea, thewrsedrogi datlogr obe

W thin a vi Clo@elhrzéﬁ n91£ oﬁe%%@@h@glt&qéglgn%hgﬁthe§1|ec¥t1%d b&pﬂ%& ol ogi cal probe
itself conprising an el ongated probe shaft, nultiple mcroel ectrode

el enents arr H’ﬁ{f’éd Ingne aspegf. e dvensiprrelges  Arnime[pAaieualogFd Babs HAf rourokeicyl e ast
one el ect pcaprogtGnihdetan abtigand gdbephadendral akryngah@nef ntuhplepriohe:csddatitmenand at

| east one el r I qat | east
one of the rrﬁ?ptogﬁ@ée d?ﬁ%g%ggftg{:elé%ﬁédeﬁbg%% At 5@(}}&]9%1&@}051(8%325% X%ﬁ% el ect pcal
contact The grpxmég(safong)ﬁ@prébeé&qf& |Téeaf}e“r@{9ﬁt’aéﬁrf’bei also gglere eltleset cnerlegtisdur ol ogi cal
stimul ation &mwcfbemsw@ﬂdaydoﬁ@ua&ueﬂ l&&&eﬂﬁﬂleaﬁbr@mﬁdhe £ElitP6f nirbec@bdet he

mcroel ectroge elenents, is energized by the supplied electpcal signal The
€lements .an a leas onee ectrical contac
one or nore energized m croelec rode €l ement s produce an electric field

adapt ed to stOPHil Etagothdnespers thediveryioe lates i georessior impR@RS meyrejogieat targgiot her
aspect, the tRventsk ﬁauaeem@taeﬁlgtaqe@@oglmr@emﬂgh swaﬁw&h%ko@@kamrgb&ekl t The
kit ntludes @}?neur ol ngd% tegfgc be. The neur ol og ﬁ‘ﬁ{‘m’g‘h E ncl ud es_an

el ongat ed f | EXI B e PPHRS SFrA P MDRET SO UHREPrERF P FUBLL %R clgpenyy

proxi mal endarhget le drelomd POl dakatpirobesifhet ldetdne dearphlsdest mahged pl e

m croel ectr ode ehigaRM fe AEU-3RNHACH Aliead okl AdRikal SRR il NE::ilh QRBRLLLiRT Obe
shaft At | east one el ectpcal contact arranged proxi mall al ong the probe

shaft At | ea¥fVeehd leat w%@awwﬁ altf&e{%tro%elegteété 't“}dlﬂt?é‘F le‘ifb‘i?ﬁf}Fﬁtrtcé‘tCP’BT’ft bet ween
at | east oneTieft ltdwnpblent@hlicoytacof cathereo @l a@eirslogel eheremissurantbplylig aat | east

one electri Céiéc?]%é%@l%@a‘?t nERPmBEHF A «ﬁ?gﬂoa&ho&% G éne%lzﬁcf)oy tﬂl%Lpllﬁﬁfas Rld ocar,

or stylet, con or renmovabl e 1nsertion intot urren of the
el ongat ed f I%S?Plbl & BF Beers e Eed RigoReEpsierkeed Rty e dedicdikldsiwepcobe shaf t
subst anti al Isyﬁmmguedaedwrdlc@:altmg&&tel on nto bi ol ogi cal ti ssue BRI EF DESCRI PTI ON
OF THE DRAW 6] .The forego an her cts
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illustrated m&@gceatmmm@myasﬁﬂeg@@M@gﬁnmmln@ﬁomgl&eprs&f ELLRGR icALact ers
refer to the sane arlts gou hout the dj gqegt Vi e ei]]a‘g aW|n s are not
necessarily To® ec% g ecérﬂé)h PR JRpesd 8 2R B kRS SR OF § sﬁl*trleéft fg t he
princi pl es oftectripa contryerrtizohppa@diy plofd @ fotieshed. pelespactlicarealvbsinciofin one

enbodi ment  afic.aB. @Angmmq b Eh BLEGhE QYR p@ﬁaﬁﬁ,@lnxrow&%@é eldrlefs andliR P
per spective VI ew of portion of a human anat or%gs ustrating an exenpl ary
A

el ongat ed i ‘GF8f ﬂ%‘*frf“i‘)‘&%nmé% éré‘ﬁﬁﬁu?l‘igﬁﬂlpé?ﬁ? Heple (et 9 shiqteordieyred fgr
per spect i ve rei@wblomscgiop Outd thorntel luaerhafmaRlosgaad O¢xbld drdbe SHafiab kdagthalogxied1pl ary

m cr oel ect r%%bl%&);ougsth% glbst?aglgzillérlng'a%g‘ ?tlns&u 21'#5 thggj;ea?f?slsuet arget [0020] FIG4

is a perspective view of tion ongat ed m croel ectrode
assenbly of FIG 1 [0021] FIG5 is an inmage of an embodi ment of a
m croel ectrode array mi cr oePREF PEHeRREREPF THE DRAWINGS

[0016] The foregoing and other objects, features and advantages of the invention will be apparent
from the following more particular description of preferred embodiments of the invention, as
illustrated in the accompanying drawings in which like reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis instead being
placed upon illustrating the principles of the invention.

[0017] FIG. 1is a perspective view of one embodiment of an elongated microelectrode assembly.
[0018] FIG. 2 is a perspective view of a portion of a human anatomy illustrating an exemplary

elongated microelectrode assembly implanted therein.



system (MEMS) [0022] FIG 6 is an inage of one enbodi nent of a

m croel ectrode array integrally attached to a distal portion of an

el ongat edwoybiodsi2eal structure [0023] FIG 7A i s a pl an2CTUBBM/0G77EN
alternative enbodi ment of a mcroel ectrode assenbly [0024] FIG 7B is a
perspective view of a distal portion of a mcroelectrode array of FIG 7A
[0025] FIG 7Cis an inage of a mcroelectrode array filmthat forns the

di stal porti ®019%f Fithéismipesmelvecitw otheonios efiibhyanghatdahy@lsatin@XGmHdrG 7D i s an

i mage derrons;nycpotefeggd@s@u&%gdgm%dg gggg%cqltgr% .t he various conponents that
formthe mcroel ectrode array of H%HGHEIS an i mage of an

assenbl ed di YO B} ¢ iseredrctvhEe PG @ett% © dpmeas? r@froqiﬁce;odm%f%%] FIG

8A is an altecnative enbodinent of an el ongated microel ectrode assembly

0029] FI G 8/, ngat ed
i cr obl ot oL b M B af BB B B LRI U
vi ew of a di ¥ttt OpBYEk on of an enbodi nent of a nicroel ectrode array

m cro- el ect rmtmo; hard. 6 &lan 5345¢ @ohd MebBhent HQ3hdrodikekdd Brdy Snt@rapeitapREblave Vi ew
of the dist a ra of anelonaar& £3 Isr%nca!lé{m' ncl uding the mcroel ectrode array of
FIG9 [0032] A ST arar Vi 8w 6f anot her embodi ment of an el ongat ed
m cr oel ect ro[ﬂéﬁhsgléh‘b‘}xyaﬁ)@%&]sw Fﬁ 8@all¢TBtlYe§H&0deﬂeofd@nmeﬂeetd>dwseﬁWbbf a portion

22 Ct he el ongahad macmﬁIaggr;pre&i]g@vm&%{atalaypohlohuﬁgrﬁl%ﬁgtrbaa aIFAyGfHGAW{ 0034] FIG
is a nor vi ew of a al. portijio e.e

ni croel ectr o@gzsgsgfé}n%?? % 1”1a%Fs°th5'f°é°8 ?‘Holéﬁ% F!%];ﬁ‘ LF%E?@T ‘ﬁ‘s@l e g
perspective miceveabdtdrembly ofidél7@ctrode array of FIGH A [0036] FIG12 is a

schematic di ggepmef 751 a@?ﬁﬁ@@deﬁB%U%&&%@JeﬁGPE)gge%ur@()ft@eyvaﬁéug CibndhR837] FIG
13A is a planar view of an el ongated m croel ectrode assenbly [0038] FIG 13B

i s a perspecPr®&e FeefedridTay §t4f ‘orti on of the el ongated nicroel ectrode
assenbl y nFl @2BAFIGOTB8 hn ikrhgs of 3Gsdemblad dididl avvanh of ihe wictfelettvae diagbZHIG par t i on of

the el ongat e@%i}})cﬁ@[e%@%%%ﬁat%ﬁ R T e%néa%é%nhér%%&&{dggsjsm (f he nt epor

conmponents [ anar VI ew 0
m cr oel ect r old®% i Il %’s’ééﬁ%ﬁfpwlf’?)‘fle‘ﬁ%fé digjeknertion ef W&ﬂt@gp%%lec‘fﬁdéﬁém@fy FI G 13A
[0041] FI G 1#4A1G.3AQ perspectl ve view of a di stal port| on of anot her

enbodi ment o |0, cr ol | ectraod 14B is a
per spective @?323\/ lgI]G gg 1%6“8 Veovrlf’wc? 31531 ano er ené ar r?gant of an
el ongat ed m'@k@é?@edeﬂamgémwchﬁmmfmﬁKI‘@M@A through FIG 15J illustrate

various alt epiaf i Me. RNPOSPRAIS idfof Ae BEErpiBbAb 8 detibvsyiR@ligs i-ode assenbly

microelectrode array of FIG. 9.

[0032] FIG. 11A is a planar view of another embodiment of an elongated microelectrode assembly.
[0033] FIG. 11B is a more detailed view of a portion of the elongated microelectrode assembly
illustrated in FIG. 11A.

[0034] FIG. 11C is a more detailed view of a distal portion of the elongated microelectrode
assembly illustrated in FIG. 11A.

[0035] FIG. 11D is a perspective view of the microelectrode array of FIG. 11A.

[0036] FIG. 12 is a schematic diagram of an exemplary microelectrode array circuit.

[0037] FIG. 13A is a planar view of an elongated microelectrode assembly.

[0038] FIG. 13B is a perspective view of a distal portion of the elongated microelectrode assembly
in FIG. 13A.

[0039] FIG. 13C is a cutaway view of the distal portion of the elongated microelectrode assembly
in FIG. 13A illustrating the interior components.

[0040] FIG. 13D is a planar view of an embodiment of a microelectrode film assembly for use with
the neurological probe of FIG. 13A.

[0041] FIG. 14A is a perspective view of a distal portion of another embodiment of an elongated

microelectrode assembly.



[0044] FI G 16A through 16D are cutaway views denonstrating alternative
assenbly nethods of a distal portion of an enbodi nent of a m croel ectrode
array [ OOWB]|20fV0G54TA t hrough 17B are cutaway vi ews denpRETAB20MY07715
alternative assenbly nethods of a distal portion of an enbodi nent of a

m croel ectrode array [0046] FIG 18A is a nore detailed view of a distal
portion of an el ongated m croel ectrode assenbly [0047] FIG 18B is a nore
det ai | ed cr op®423eEld. o4mais a ydr@eetiof vidvhe a disalpattioparyttiadihed Emitohimealooargat ed

m cr oel ect roggnggédsrglg]tgglg tﬁoﬁéa%'s%&ﬁlft ed mFIG 18A [0048] FIG 18C is a nore
detail ed cross-sectl on an alternative assenbly of the proxinal

portion of al'&i ofilfal ¥uthispgridel léblfl‘i*sﬁﬁéva&S@é}ﬁ%@a’f}ve[e@@%@‘]mlslo@ argrinstglleg

schemati c vi awroekctddeds@ssysecti onal of a portion of a human anatony
iIIustrating e oel ect rode structur 0ositi L one

neur ol ogi cal | ? % ggwgtfo%fgryﬁ%%arfﬁum?yé’eg% YeRmt oo feaﬁ?vﬁr%ssce:) %%ﬁogs ndSdi ment
of an el ect r deid peiiign dgserfofiipefi00GIProfdc@RIivs a schemati c di agram of a

di stal porti pouspf F@wmh@{ou@nb@% BRMay Ok wARmBAsELRE LIRGhHQAReAtPmARISIR! Y
[0052] FIG 22Ais a ers 6 i ve_view of ne enbodi mrent of an el ongated

m cr oel ect r oY¥ 8Ly Oga‘ﬁ‘frff?l%?g? étPode tip assembly at a distal

end [0053] FH0@622BG. SSPals mope ddekediibed adiselpogfon af dicbbaled eivtbebtuctine el ongat ed
m croel ectrogde agsenbly of FI G 22A [0054] FIG 22C is another nore detailed
view of the distal end of the el ongated mcroel ectrode assenbly of FIG 22A

[0055] FI G 28975 BOERSpreeT d8gi B o olgTesk e v PO OB JERBR b odi ment
of an el onganefelritodosdeatly ilbdercasseabby. having an el ectrode tip assenbly at

a distal e“d%oB&PE’?ﬂG FSICQS £hork etef’illeclmrgsf 838@]9%%“ f%ta‘i{nl,'x%z;n@!z asBR o?{ﬁeﬁom?iﬁt he

enbodi nrent of a mcroelectro m cr
di st al port|E?ﬁIOBPf@H@nWeéﬂEféqe@étfqdﬁ)ﬁ@Wblyp illustrated in FI G 24 [0058] FIG
26 is a m crpgpphicofs iaa dhataal v1@>0<5ﬂalcf:bﬁls s@éﬁoﬁalﬂ&tahb&ﬁlo@m(ﬂﬁlhdﬁﬁﬁﬁton@f ilhBtrating

m croel ectrode ti B rglgr%e trg e(;athC o osﬁaonn(l D %n gonductl ve el enents of
an enbodi ment’ Of Ta ‘mi Groel ectrode arra %(ﬂ?gifi’ 8A is a micrograph of a

di stal portil@8#50bf Figntihescherrhodigrmantt waeméOdiﬁl‘tﬂt deh dedtirodsdie agspipbl{-0061] FI G 28B

i's a mcrogr@pi) OFIGOPNOSicRGhatd H8Sanf a Bistell pokiidh ofRAMilel Hbo@ine@Bf £MDOdI NeNt of a
m croel ectrode ti #OOGZ%IPFI G 29A through FIG 29M il lustrate cross sections

of an exenpl BFYIHTRISRPEEPY bde device at various different stages of
const r uct i onl0@RCL oFIgh 7@ it DpeanecEyeainyl cdpnye ehadlimaadfianelongrioteidurletrpB@68hblFl G 30

is am crogr}gpigg ShicRAR-&IRALI LB, f dgtamn@roel ect rode[0064] FIG 3lAis a
pl anar vi ew of construction el enent nbodi ment of a nicroel ectrode

tip [0065] #P@hllﬁ(}. B4 wpHefRflrEYi %\ﬂldﬁtﬁl ead ffd]i‘eteioﬁﬁteéfmct“??é“%ﬁ?ﬁ?lﬁbftl on
element ill ustraeted in FIG

[0054] FIG. 22C is another more detailed view of the distal end of the elongated microelectrode
assembly of FIG. 22A.

[0055] FIG. 23 is a perspective view of a distal end of another embodiment of an elongated
microelectrode assembly having an electrode tip assembly at a distal end.

[0056] FIG. 24 is a micrograph of a distal portion of an embodiment of a microelectrode tip.
[0057] FIG. 25 is a micrograph of the distal portion of the microelectrode tip illustrated in FIG. 24.
[0058] FIG. 26 is a micrograph of a distal portion of another embodiment of a microelectrode tip.
[0059] FIG. 27 is a micrograph of conductive elements of an embodiment of a microelectrode
array.

[0060] FIG. 28A is a micrograph of a distal portion of another embodiment of a microelectrode tip.
[0061] FIG. 28B is a micrograph of opposing sides of a distal portion of an embodiment of a
microelectrode tip.

[0062] FIG. 29A through FIG. 29M illustrate cross sections of an exemplary microelectrode device
at various different stages of construction according to an exemplary fabrication procedure.

[0063] FIG. 30 is a micrograph of an embodiment of a microelectrode.
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31A [0066] FIG 31C is an expl oded schematic view of a construction el ement
of an enbodi nent of a mcroelectrode tip [0067] FIG 3IDis a schematic view
of anot hewoporwasssz1of the construction el ement ill ustratret/IBoHHGETEH B
[0068] FIG 32A is a perspective view of a distal portion of a

m croel ectrode tip [0069] FIG 32B is a cross sectional view of the distal
portion of the mcroelectrode tip illustrated in FIG 32A [0070] FIG 33 is a
functional blooeK @IGgraire obnaaviewextanpisaucyioresdraaiof@rrmbofimat sfeurodargircal

m croel ectroge systemconfigured mstinulation node [0071] FIG 34 is a
functional block di agram of an exenpl ary enbodi ment of a neurol ogi cal

ni cr oel ect r o803y ElGe ARtisafPgRFRdeT P 2Patibhe rserstrcaorrrment ilsstiydingt1y
functional bbieck di agram of another enbodi nent of a neurol ogical

m croel ectro y 007 - I C Vi idrent of a
neur ol ogi cal fé’tg ﬁgiﬁg}t(g 1%8 %{)lg){eh %%%ﬁf %E'? g]%g&}r!é&%n éslec gt%g%%glbgéﬁg%g%%ean
enbodi ment oRickelRdRiUifogi cal target stimulator system[0075] FI G 38A

t hrough FI G 386) args. a1rsk hem@iatic vivs eMBotad pot@dniods coadtiuaion akmareillesiedinment s of
a mcroel ect I(eidngarray [0076] FI G 39A through FIG 39B are a schematic views
of various altérnative enbodi nents of a mcroel ectrode array DETAILED
DESCRI PTI ON (068 HEIGPRPRERREDEHKBED! NWENTS fo0i0T #fa nedacidsetr-her em ar e

m cr oel ect r odgesoRr FRY 3HEY b 668 secBbl IRLNBE Sistlfporkiabdrie afidr Qibci@dad ipSiRutd t he
sanme, to provi g‘f Zéghl y localized and efficient electrical stimulation of a
neurologicalmf ‘6 ', such as individual neurons, groups of neurons, and
neural tissuB0®s hgy3hiea fupgiatabblodndapramni smekempbryobsdisys biampeurglogdal as deep

wi thin a hunppbEadud PsedndcdfduriAliRub@ndRls such as the G obus Pal hdus, or
mtargets that requires high |levels of neural stinulation, such as Brodmann
Area 25, nor@0% e%tsr %m%fuaf?l@m# Hoideeamif 1 srrane ety ey ofamerrlpeial hi gher
nunber of el setoelodied:, syadudeontigueed #pewing inc&l | y a hi gher nunber of el ectrode

edges, Wl fErpape. N, AIBRT wek ;Jg&%%oél{]g%%ﬁ%ﬁo@gwr&o@icm. the electric

field for either stinulation or Inhrbition e stinmulation can be
hi ghl y | ocal Pgedectp&cdi&®e t he microel ectrode el enents can be as small as
only 2 nmm or[obBY JEIGaSss 2 sdibdtid view bt emBidinthheuTe h&FolRlcalwdrgh flimhher.r el ati ve

spaci ng bet such,Jm croel ect.ro el.enents.can also be as small as only 2
o as | ar Q8 hs 5 At A URBUGH 2 kY Ara Al Eat 0% a8 “Tover Fi i 13 1o
ei t her di nend96h O . Bdbmeeh FE AP are prbsbeiaieriewss obrasiopsalgndyhecntradingnds of a

di mensi ons ap@hOk.uBikael ement spacng of less than 2 nm as nmay be

practically bl DA% SS L0 ERRLLES, SEPShE il SR EE 00

parti cul ar | ymieb¢lpagp@ratray. n sti nul ati ng neural tissue An array of such
m cr oel ectrode el enents nmay consi st of one or nore such elenents (e g ,

si xteen el enents), eAENAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0077] Described herein are microelectrode array devices, and methods of fabrication and use of the
same, to provide highly localized and efficient electrical stimulation of a neurological target, such as
individual neurons, groups of neurons, and neural tissue as may be located in an animal nervous
system, such as deep within a human brain. In larger brain targets such as the Globus Pallidus, or in
targets that requires high levels of neural stimulation, such as Brodmann Area 25, more electrodes are
required within the target itself. A higher number of electrodes, and more specifically a higher
number of electrode edges, will increase the number of neurons that are captured by the electric field
for either stimulation or inhibition.

[0078] The stimulation can be highly localized, because the microelectrode elements can be as
small as only 2 um or large as 2 mm in either of diameter or width. The relative spacing between
such microelectrode elements can also be as small as only 2 um or as large as 2 mm. Although 2 um
are indicated as lower limits to either dimension or spacing, other embodiments are possible having

dimensions and/or inter-element spacing of less than 2 um, as may be practically limited by
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di sposed at a respective position, or site This is mcontrast to currently
avail abl e stinulation | eads, such as the Mbdel 3387 or Mddel 3389 DBS | eads
comer ci avbyosvesd2abl e from Medtront, I nc of M nneapol i $CTABRBYEIT715
commercially avail abl e devices include relatively large, cylindrical

el ectrodes neasupng about 1 5 mm m hei ght, and havng a maxi num of only four
el ectrodes in use today for deep bram stinulation [0079] Smaller

m croel ect rod&methcan@mt@escmndaﬂlyuﬁladeletcmqafmtdﬂeson@mrnocﬂimg&te@adw@th iwitd btgvkd on
that is highl Iocallzed an nt an arra ch

ni cr oel ect rodgéosO HCah arse®? mculael dgfflen?m &R %“%net“ha Digd )f{ré |°gsr111ghr egi on of

i nt erest For maxahgiods elqmets mpy q@mlseofmpmr@@reeethebdleltfeﬂeemmes elghengshiedshan arr ay

of mcroel ecalgpgsi@ 2 resg&mespog@aa &@ueus%llsmoﬁ{%@&éun@m avammmulht{bﬁﬁea&c es,
record neuron et ect I

ctivit
m croel ect r oth aé%l? ls%gd’é P(Iogeéﬁgﬁ i%dsﬁ?‘f“@er‘@ﬁ AR Q?“é étr"?}%lhif ghal |
si ze and/ or NpacnyisO¥iNt freh mngreo@lle okildiidcedeemendcselgmely baeugledridtab obt am a
hi ghl'y I ocal élgcﬁgdegﬁpasmng DR ONAL i BCHkhVdnk ¥avlnd 2 1BEMEA 9 QR SHEEQUALENG. t he
inplant A suitably dimensioned m croel ectrode array havng nultiple
ni cr oel ect r @&y & &R HBEftProned in a general vicinity of a neurol ogi cal
target, can pe7ousedalkomikoeairedelepeRCdas B NEUs fbadH re@blogiad getlawdrttheoidt f urt her
repositionin calki Jying .t ) ' JLode el enents
oeated i ool selRel 0S8, AR Al R Th] 7B Bl
m croel ectr o@@stlawlfaav TREGY %@teﬁﬁtoé?r&w& g ORqTRcREeCtiofe elemgris §f sehari f i ¢
I’legl on, for M@mlaoem%@ eRAbNs c@n Bakddad cﬂbteﬁﬂ(jlﬂ@@fsoﬁié 1n§t£1ﬁes[ﬂe&§>/|fd1ﬁhreﬁhl rode
el ements to actjve rroun ur ons or
ti ssue, whi | FVI{Y in tlhé/ v1f1m (,yt I‘l 8 eef\ecfm reco%’climg mflcr%ek,ctg)de gemen Sucﬂreﬁnen‘ten O%TCBOBO] In
sone enbodi n‘e/nhesrelatafnlyelln@}rﬁgzatﬂ@@r sravingad the madragtiitrage @lmdntsaanr’rﬁ sredblobeinpode array

havi ng el emegis, MéaliRd fn%;!) @ftnledf@dab/acmhlthesrbg&l s@r&ﬁé&ﬁgtﬁ& M. &aNahe used to
obtam a hi gh on surroundi ng

| oc neuro act V|t e
R B T R O B A G D S
m cr oel ect r odestyposicuiotgied taadeo ry bauvdeenddche ofreasedéwsdladicalbmeet ofthduhferttdevi ce can

be pl aced e o@ﬂnﬁ@ﬁg‘ l%nglenﬁfypxg ﬁl@ge Eeegr%{oﬁ%éfoeletc%e gllergéﬁ?s%étecplfn at/vg'?spemﬁc
m croel ectrode array 'span"a region including the neurol gjgl cal " target

Neur ol ogi cal re%%“tqf\}ief’?}“‘é%‘falttﬁé?‘i H§ “F“r’i‘&fé“"ﬁté‘}‘?ﬁlw A bg gfegRrE B?}‘nb‘ﬁ‘é? 0t Vhor e of
t he m cr oel eptdfedeial fonmnte, i[shl@ odigt e tadchuaicsk bﬂthetﬂgﬁcrﬂﬂe}btrhlﬁ ek@apiss etvdl a

recorder or g gpl sﬂ%ﬁﬁdgng |1@ ols QW oD G ik sHé Ghl, e071409§£%fe£1¥nts"¥ﬁh89rﬁr gne or

nore of the mcroelectr enents I's posltione osest tot ®nded
target Knowi B§rRintdEEpecti ve | ocati on of each of the mcroel ectrode el enents

al ong t he devesoge, mansak dﬂ@b@mmmanrbgmgdﬂﬁ deul@tuamaﬁg $ubh BmicREISSENGEay lRUEH as the
patient's sktljmei1tS cat|(9n of. the nefd as the

e
di stance al ong a ?Vmpmgtw% Smal??lze e Ere & benlésgcgtﬁflét%fn?rgﬁf PR refefence to
t he parti culmgerons @rlvéflve@t ree@esueplexﬁnemhe Bohet iFoi cdrhpe, SWCb@@ﬁmcawn@ﬁureﬂ Meéht ar get

;:ﬁn bg det era{nn]g@@lnwotmk&le@@&es &RQ%dtala)QgH mmgifaalg@ 8d &%?E@c@tcgﬁo\é 9&8081] |
ereyS|rrp| rocedu an re all en n
e bod Mt B b, geéa%f} R RE e e TR BR et b AL ¢ ar got
has been | ocltredolobeil pget eplralogick! awtitily can thdwrbe Midepeplenlyelpteqadly bieconadeat t he

det er mi ned tal gighel RERLRB AN ThEhRREH yc%w 25 bé Sp@Ald intalrg&@pdertob@ls&@\ﬂe&c@ Itself
can be left mplace as a chrone device, same m croel ectrodées, or

di fferent orfdevingsliigag oddpnify whigkeegr Ia‘ﬁﬂ?fdli‘e ngprpelesiredeSlomens iHogHRNedgi cal

target over closestto the intended target. Knowing a respective location of each of the microelectrode elements
along the device, and determining the distance to a reference, such as the patient’s skull, a precise
location of the target can be determined as the distance along a trajectory of the device, measured
from the reference to the particular microelectrode element. Beneficially, location of the target can
be determined without any repositioning of the elongated device, thereby simplifying the medical

procedure and reducing patient risk.



an extended period [0082] One enbodi nent of a m croel ectrode device
illustrated mFIG 1 includes an el ongated m croel ectrode probe assenbly 100
sonet i mreswopebwvoseit o as an el ectrode | ead The m croel eeCTABBOPIODE
assenbly 100 includes an elongated cylindrical nenber, or body 102
including a mcroelectrode array 104 |ocated relative to a distal end and
one or nore electrical contacts located relative to a proximl end The
exenpl ary m posigl echnocsopimahe hadseabloyaritQl, wbg wohes:d aftaribe raggel lecheeiode arr ay
104 adjacent o[04 %ﬁ&eawmml;n%m% EEARKEGI £ OAR ALY RS Tour

electrically con tive Indrical mcroel ectrode el efents 103 di sposed
al ong an exté#‘%?”eé‘/iﬁfna?é@“‘t?f theydegigs isaigian baleft @upet 154 chofHving: F #&cect r ode

el ement s 103mafoeledtiobds ok aiffpeabes bangused ta ppad adloptintlate i@ neyblbgidr tgalverenber
102 The m crgel ecdtgode probe assenbly 100 al so includes four electrically
conducti ve, cyrlnar?ca contacts, or contact rings 106a, 106b, 106c, 106d
(general |y 10632] dpsﬁc%bbdjlﬁl@GOfailnéﬁ@eleatrqdeﬁmoﬁ destiaias maA¥G 4 i@fud?sﬁéelpfrgétﬁq mal end
O}‘ t he assggﬁic%eledéﬂﬂobte@s@enﬁ%ﬁlﬂ@k@feﬁm@@é}ﬂzhmﬁﬁneléa@&able@cf hbgicekfed ect r ode
el ements 1 IS In

t r tlve one of the
e conriet e PO ES i ST B R B el FRREEEY S08 't ne
exenpl ary enbodelpende,arat 104 dﬁcathhéate/b @@tdlrstatalld agionderetoor deciio caraes Bragdosed

within an ntegpgs tcfﬁ;gb&ﬁ'al@x{d trl?eeex@dl ﬁk%@e&%haﬂa@ea&@,&mmm@mewZ There are
no electronics on this re directed from an

n
i mpl ant abl e Iﬁ’ﬁﬁoglé"trﬁ‘éeﬁgf’%ltoéf‘gTCBMf"HE dﬁﬁalc‘lpog’?er‘gfg %‘fgoqaéﬁﬁ'tlﬂ“ otuﬁeéeCEWHﬁFder can
vary [0083] cbhdctiveoyie@liet hicodectjododments H8nibposedlaBg irsexpri@fsefaaddfy si zed and

shaped for i ﬁndn&h giggg@; &9&@%8&&9@%@9@ 1I09§Je QR 5 AL XA M B ed d86d the

m cr oel ect ro Cg assenb %/3 | east partially placed withm
the central ®&? E’e@%ﬂ‘gmmﬂ pigedectpdrarape ﬁ?enibﬁ 19Rpbiotitcles femelesicehoel ect r ode
pr obe assenbdoyduzh% cRyiri@contacts, eashtaq@aﬁgts i1 @da) 1yo6mhmed6wgg&nhmyamh)eiﬁstrmaed s of

the body, s ug. ?oné ngmgl%m ’the pgﬁlmaﬁer aﬁ@d asgepxg ?&j Cllllrl e éxensllﬂgl’g gmlﬁ dm%ﬁe SPE,

and ot her | oca i on nervous system I anet er
and | ength ofchdige ml%qelfétr@ml?r%@ 1&1@@@6%@@%@@@@wwrvsawvecpéb@frﬁlm ng on
the parti cul RéxiddadnQbk @(ﬁsl wataaésg@tlva%@dth&al enalcloyiost fh&he@@éhﬂﬂle@}wnﬁ%d@&n Qfi ot he
Ir‘]neﬁ:: gleloglct(::;f)tg? eéeac{rléz%qXQE%i tors lz)%g}le %8 Se!dzwelgmgi{l] ?uéaﬁ rar' (130(111 oI’t‘ﬁ lonéateci~I 1 dnrclirlcagm ng of
t he m croel ereﬁtm’ogld@ eThewemns eli@@m@fontﬂhﬁedemerlég) Imxb wnls fre digheted ﬁi@dan n response
to the nt enfiﬁlglalﬂﬁﬂbrﬂals%én&%rt& Ak SREoakr 0 1edoth Rlhe l:;%ﬁ&e‘i Qi embodi ments one
or nore of the m croel e ro e el emeFts 103 arl%h fZ{na @agd or ?fﬁe@ged to
record from §Hd) ot St PRICEI PO HGPE I et et FHELP Br obe
assenbl y 10Geceaingitéappi@dont dordedngnds, thaméfolectiodcootd anenhtoitaimapatatieast y at t he
neur ol Ogl cal ahﬁlﬁ;%&e%kﬂn%entép&eh%hs systéﬁ?‘tﬂﬂ%ﬁ!ztlvyly 0Gk wd{tfog%e%lérMCﬁ'&g

neur ol ogi cal target gives rise | ocal electromagnetic fields that can be
det ect ed by R5?h& 255™0bpi08 My betahléasmaefa%w&c{ Vigereoter e pfttlee b]?%“’ﬁlf aStﬂWéetma
m croel ect r ailecodtldapyfe chddraFspice BXBIEPINE ,ancﬁit}&ﬁlbfatlmsf»wtﬁhdas p@rpmﬂal@e@bubgystaeur ons

wi I'l-pol ari ZGuORE dlameterrrg [4Gen fho% emqr'oglgc Jle(r:(;[bg nge%lb Y 1%5['8 va en o (Qlthe
et FAOSRERTAR GTFY Puchlaiiid

pol ari zation gives trical potentia
reference, w@lhulﬁgna@né@i tﬁﬁg@aﬁd@?%ﬁlﬁd‘he WRigFGeHe the Gﬁ‘éoe%ffﬁtrqdh@abhl%lﬁ)@ﬁloect rode

el enent s 103i:QU60 siRpRGETah Gieddeh hallramglcalaﬁgelaefuémﬁlﬁw sieph dtgleq, §iR Qae or nore

of the cylindri ca# cont u z? t he ctrical _conductors
108 One or nbBré&e th?rﬁlcro Emde refn(e:%{ Ogon aariagldf(%n e%aflmte%lrnﬁ“p%nﬁeﬁo §& connect ed

to one or intended neurological target
[0084] In at least some embodiments one or more of the microelectrode elements 103 are sized and
or spaced to record from and/or stimulate a single neuron. The microelectrode probe assembly 100
can be used to detect and/or record neuronal activity at the neurological target. Neuronal activity
naturally occurring within the neurological target gives rise to local electromagnetic fields that can be
detected by one or more of the microelectrode elements 103 of the microelectrode array 104. For
example, electric fields produced by neurons will polarize one or more of the microelectrode
elements 103. Such polarization gives rise to an electrical potential with respect to a reference, such

as electrical ground, or another one of the microelectrode elements 103. Such electric activity can be
8-



nore additional nedical devices for further processing of the detected
electrical activity For exanple, the cylndpcal contacts 106 can be coupl ed
to a di spvayotessee or recordi ng device for displayi ng &na/iBrooy/eerdny

el ectncal activity fromthe neurol ogical target [0085] Alternatively or in
addition, one or nore of the mcroel ectrode el enents 103 can be used to
electrically stinmulate the neurol ogical target For exanple, one or nore

ext ernal | y gtk adngabtedlient moadre itlgnrgingriciantye 1aphrougdhd ioteod ele@ricanor e of t he
cylindrical camlaalSs 1@@ ol 68 gftﬁ'elc%m@a@éonéwn@'ﬁm&a&n@@co%@tg&%wedmt hr ough

the internal electrical conductor$s to one or nore he m croel ectrode
el ement s 103™FF 2{dHionglmedicpbfexices f?f(f‘é’ﬂlarrpf%i’f“%‘zf t@éﬁéﬁﬂﬁﬁ@‘“‘iﬁ‘h“%“ﬁ‘é‘ E8fpl i t ude and
pol anty of t&emgb eetcpiodticabiogaad D6 carve edupled 1 adispliyi delick onreedrdibedenmeioed by t he
pol anzed mi Crogl, 56 LRI SLEMRRL S 103 FLEEI IiBlobh Bl ds muced by such

pol ari zati on nore ne t he neur ol ogi cal
target [ 00860 cABFRASF iR JiGopRSRETTS Oittmwelwtr?ﬁe@k@PW? etp ad to
procedur e cafleddRallyseaulitOtht ﬁaa}oeﬂgﬁmttar@t %t dxhrid, byecﬁelnféuﬁerhan@ glnk@G@s Wi thin an

meul ati ve Sugecgnca s%gls[ﬁ%n Qera?ﬂ?]l%g] }{) one or m&réevol Cegy%g rica con(?allc? l@f)r r’[?l%/se dlecbrlrcgle_srh

descri bed herein,
m cr of abr i catigndls e@rbpm?émeé ﬂwglm@iemmmplteieetn@l @Ihdltcné lﬁﬁ @p@’eiremewb@e array

assenbly Themﬁlo@l@&%he%@énfe&g@3%?&1@%mﬁ1@1@ctx@§’edrr@}) oanﬁaiemglon th@- aRgaeRAC nat enal

such as pol yi m de en mfi ted | ayers of a
metal or %ﬂla”gffglé st‘ﬁn ?1""&%3 éf%jlggﬁ]sﬁeé‘}d“‘i?gb%%? ?‘il{g‘?%éﬂ‘if?\eleéi‘g °d8| at i num
pl ati nunti nd¢1¢m'pts |1®i3d|Ellm1;ncal Addstimducer byl @iclppoldrivdtiamdan mtekaat Gidee @ndoaticnenhs,

ot her netal sy MBiRbicakdQys, and electrically conductive natenals, such as
doped sem conduct ors, conductl ve polymers, and conductive ceram cs may be
used In so pl080h o Mgl P renc and netal lic layers are deposited
sequenti al | y[oeaTgl A(ﬂﬁdﬂfdarldﬁﬂf@prﬁ&ﬁt&b&ahsmeh 1P knhpi@icfl cstri@fly Sinducofeattes Gatih on
such as SPi NGB RE PR UL LBl RtrocRORLOL m@g&%@@{bed Rl:d2 MRefd 601 NG,
and etching with a mask consisting ndary or sacnticral material
such as si | i ®@hdgicepard@idnr Ipat 5§@ﬁ§f0ﬁb%teﬁ é@?P@’Een[SGE’BéﬂPOTFﬁES ofeal | ic |ayer
is formed toneloaatBdanty QfembBS Eheeﬁlcrbmtrme eﬁ@ehﬁﬁmlna@m@ﬂ rnaxpo@ﬂn@ﬁe nts and

el ectncal ly C(?rlllg s%ghlageolgtll{n £ &S at & ea O@lgges%bltﬁmor rlrtg%/l yersofnsmetaﬁ rmta ne or
nmore of the ‘el ectroni 6y e ncl uded: ernal” Biect’iéar® toh ors of the

el ongat ed cydxifd Wéhblghr@nﬁge?ransfamdpah@wmhgs Hyingo piatieyrhodivmrendisn, Htldmen oxide

i croel ect r agd@nalhah sihd dhesmBad, bhd hals ayeeali §10?@£nd%?é§mllf@onﬁda@veFﬁﬁ][e}ﬁr?r Ic
| ayers serve to i solate the traces from each provi dng the

structure of “fH& ITPFHITRHE UL RIFLYT BGFIFEBP Eﬂnﬂ‘t?“‘fel Cﬁfa‘?ﬁ%?l%y 55 Sy a|
f abncati on retbddstwhe phynean addenctidis dayerbeeddpositizirequentsllycdnd &rmadaisiod abnc at ed
conmponent [ c@@@lshel@ﬁncffﬁe‘s‘ hﬁ%lbr\éﬁb&%%ﬁcﬂ%&lpﬁ%&npi D@/I@QLM@E{g’ ph%t!dﬁtﬁog%hya

pol yi m de or paryl ene hut can also uret hane or_polysil| oxane
(silicone), RGF™arshing: e Fioking Wahm%swinsafgoqf a%?“%ﬁ%?‘éﬁflﬁla‘?alteﬁalﬁ%ﬂ exi bl e,

or ngi d enbotlicomdidxgle oaphagsedsitte rs@im - ri gi d substrate can be included In sone
enbodi ment S’[068§F ’fﬂe%‘[)gﬁllc ?ér 1S e {o c?eXtegr% l'&lgre oﬁhéc IRIC]%EQCU'Q& ag”gy }& %‘r?ts an
surface of a ngid substra such as a planar ceramc ernatlvely
or in addi t|e&aﬁmcaélﬁéonénctlyﬁjfaéesldiabqoane@ﬁhesagpﬁ elqn}egp g one or more of the electromcs when

included, internal electrical conductors of the elongated cylindrical member, and housing. In some

embodiments, the microelectrode array includes multiple layers. For example, the polymeric layers
serve to isolate the traces from each other, while also providing the structure of the implant’s
stimulating/recording tip. There are several fabrication methods which can be described to build such
a microfabricated component.

[0089] The insulative substrate can be a polymer, such as a polyimide or parylene but can also be
polyurethane or polysiloxane (silicone), or any other suitable insulator. For substantially non-
flexible, or rigid embodiments, a rigid or semi-rigid substrate can be included. In some
embodiments, the microelectrode array device is formed on at least one surface of a rigid substrate,
such as a planar ceramic member. Alternatively or in addition, one or more rigid or semi-rigid

supporting members can be attached during fabrication to provide a desired amount of rigidity.
9.



supporting nmenbers can be attached during fabrication to provide a desired
anmount of ngidityGenerally, the m crofabpcated conponent can be fabncated,
for exanpwe,2oudgissgia series of additive and subtracti vePpraBa®gew7that
produce a stack of matepals [0090] Mechani cal conmponents of the inplantable
neur ol ogi cal probe assenbly 100 include the elongated cylindrical nenber
102, which can be a sinple polyneric cylinder In sone enbodi nents the
cylindri cal Gaﬁhémﬂﬁaymﬂ®n@mﬂp0m®dmohnbehc@mt@n@pmﬂtmbasamﬁ@hfmmme:traces

wr apped ar ould (el N8k LB the shace bet ween the concentpc tubes The
el ongat ed cy{]1 sci’r f?c(t:la esn% I?Lrou can var a{)en th and di aneter but is

general |y at [0P%0hsMechprica CO?‘B“EW? ?féfl‘?gmplﬁ’r‘ﬂ?}éélg%‘d?ﬁ?allpr@? asserrbh 9P aredehe 1 n some
enbodi nment s, elasdgaednynrrdﬁtaahem&atoadwmmmaargi&nples)owlappgad.dearmmﬁle afbodxén®r nal

surface of t € al?ﬂclncﬂ em er may benQI%;E)osed Cf two conc dn X tﬁ)npglgl \z&rfrl%rllta?e’s aB}?ed around

m cr of abri ca roun n addi t ona

di stal end o&emﬂ@ymth@ﬁpacemtww%éﬂrmm tukpst & hhaquigaies oylingricahingnehdt koﬂefﬁl t he
m crof abri ca&agdnﬁeﬁp&aaaﬁl&e&ans gbaeratytaaleia&cdo&szs $Bng WildiaRdid CAlmoRTDer 102 to
protrude at &he dllstal lbg fgo thefg%{t pca rrterrber (_?L interior The
cylindri cal Ly P10 BB EENE AR PRI BEY PRI AP BE G Bt hat
connect at omwdacentihe olitdneal memleoi Bb ki some G@O(tlmmpnﬁlermcrof@ztlcaaqd@@m@penelﬁd to the
cyl mdp tc al f%@p@& §foaln9§n mﬁmﬂam&ra@fa@ma%m tHe eyumcmrmlm@s}tlab | te PSS or

gener at or n s

nts, one or rof abri cat ed
conponent s alﬁd‘? de ﬂé?n(":}?f rgﬁfe‘&%?fnﬁﬂ’ﬁ%ﬁa‘qﬁ%ar%%‘?d tig‘i ’H}B Traenghe | %t' °nor e
el ect ncal compodentis ds@OLfonTihecydhdicdl meaber’s owgpion &hd §ligiaire] hemighr $r2Bb € Or

m croel ect roé%h&mpé‘écﬁéalmé‘é 108 RUEPRSCordnSct LiQnd dubi To8fo mik B4 Rac SOREL AL OF
process signals to and fromthe m croel ectrodes They can be attached to the

ni crof abri cat"eferatte haerindigaspunid Pt Bhinesrmessprie an ’&’ﬂ’{aétf‘%%‘?“&f% EePHBY™ R | |
general | y besogeat@f®dntyotduimiblef fienkafiboaled cappeae atd theGQBZ}ed Ef1@drical

neur ol ogi Calme%b%bl%zﬁ;@lgdeoﬁpor%réer@n@e[‘% Mear a neurological target, such as

a target bram structure, usng c urosurgi cal techni ques such as
st er eot axy dPO%hd%@bﬁycaW@p%w @Pé@@l@&lﬁe%m@@em@w et Beirpreee séd wi t hout

support, or et hﬂleageﬁdk@djﬁﬂ';{réc% SIQ@m&udna B Ve E’(ch@[bcttdﬂﬂse rrh@cssﬁfésﬁaanbd% thghtly
| ar ger than the ns ice nul udsed woul d

T
1crofal(3)r1 e(Eepa(%Idm3 glpro%uctlorr or bon egeél[ 6\6ardrs| }l]}? Wi ngenera a%tfon{;m

be retracted once neur el ogri ca BeE posi ti oned
I n sone enbodthmhﬂrsecwnicalmomnmg the axi s of the cyl ndpcal rrenber 102

permts the [b(fb‘é?”fﬂe%hr&égm@l drétd |1@b_ c%f&lyel iBblabhined 2 LERAGLS drhie eyl phogi cal
probe 100 ri ntation This is partjcul a(rarh%/ hel pf ul

g durin ur gi cal rrgl g
dupng 1 nser tTERSHEEHPOTTHE AHESFREDETPIRRRIE “orer e Pen s B8R OM ment 8. of
t he neur ol ogiewalbgipit pbie 1008 Phdscstdbigbutisgpere movithth aaxfutperting apduéritatd .on | eavi ng

the probe inlf msiholigaly 1£r§Jr91§ﬁ thb Qﬁe?ﬁlneélogokﬂﬂé &R0 §RBLGANNRGsQNe or nore
of the mcroelectrode €l enents to a display unit or a_recordng unit t hrough

the cyl mipcaf*ldht4ets Oiozeh&Pﬁéol??é%qf%heﬁ f&mm WP LY dr1%WRs a cl i ni cian
to identify ca®odi@sns al‘hﬁij]:m@]‘dﬁg tﬁefaxtshethbas;andncﬂmmbd Il OPpetnits tha @isdrticlociigid cal

activity In r@ ! processed
aut omat i cal | 5?7% ?11 llsqﬁ%u%l%g%]fcpba Sui tgib grlﬁrg{cﬂ%r#%%gmg prhgt%er processor
The el ectr od>é§101&§bféelf>%1 Jugregpsartip® @pAtiopias mdaqwsetzfﬁmg)@f flexible slatr?ém@vté@ftﬂreodes as
those used tmursibiitMbratca 0d.11%:S tflet EBmERE STcEivp a6t 1 dn ARES: G ifilsS@gilg Separate

fromthose utgrgeq to stinulate
[0093] A clinician can connect one or more of the microelectrode elements to a display unit or a
recording unit through the cylindrical contacts 126. The recording unit, not shown, allows a clinician
to identify certain regions of the brain according to their electrical activity. In some embodiments,
such recording information can be processed automatically, through the use of a suitably programmed
computer processor. The electrodes used to record from the brain can be the same electrodes as those
used to stimulate tissue. The recording electrodes can also be separate from those used to stimulate
the brain. This situation might be preferred because electrodes destined for recording may be

different in size and design than those for stimulation.
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the brain This situation m ght be preferred because el ectrodes destned for
recordng nay be different in size and design than those for

sti nmul at iwWO[20004542The operat or can connect the el ectrodesTiuB2@mo@ter nal
stinmulation source or an inplantable source In either instance, the source
can include a pul se generator for applying signals to the el ectrode sites
The signals fromsuch a pul se generator can be connected directly to the

el ectrodes, B4 hehe ganolen @hepriacesisee wai agmel sentlitbniose enbetdadbin t he
device The el r l,.signal If
there are rmrogl%e Igglltth% o‘ﬁ%& !;:Emol;nglg oo Mé afLuB@g %%?:tg{f%r%‘?@g%(r:%g%&l?%tﬂ}%ee or

ot herwi se i n%I@fre%ﬁﬁfécFhetsrgéal%ffqn}ﬁswha&piuksﬁge%ﬁ?r@én begongetddagtly ofipgyods,

per spective sitewcaibe bRRo@ED isBB el&ftroﬂcshﬂlﬂﬁiﬂedaﬂ&'é 6dWite.| FheleledtidSits cak ﬁldri n FIG 2,
Showt 10,1 10! 8040l AN SBIDL ALY oELRRGLET M LARLSRLAHB.PLANE,
deep within ?ft?éleltwsaFWT%WF@]%G&FM@&O? FQ‘JWG effneqepﬁeer cr oeI ectrode probe assenbly

124h| S pﬁSl L lO@%?dA®ErsﬁeElﬁ/e e Bﬁhéwhﬁabfathaﬁlg%atms 111|u5araitedmn$r1¢ assthamﬁge | ocat ed
wthin the hu

br a
T eroal oot r ERR R et A AR SR SR IR B e3P ) P e ot
128 For exanpithen netrhlegifal farget lorpdd dealp withanvthclaaid. 248 distalypoiitipred ! thd eniagelegtra@e proeni ¢

assenbly i npels@mo@dz%g&ma@d af (R Jem@logsa@ia&eﬂ@@ irf s mgtsucmoza@edmma%%nannt o the
brain and flesh or to |tattﬁ wirel ess access to the electronic assenbly

128 Al ter nat &I 8}50%6 shade e PRORE SR W%EFHO&%WP@@SS@W%%M n may
i nclude an edoectidns figssell dpvisUch @secampllisdirgenidbdeoice L2 hagaciuden

i npl anted at e@tr&m@;eﬁup%glan{%@ e,gémaﬁ Q%hem l%gtonlg Ve ﬁ%asr%ml\(mheb@a \Aﬁm&q{

el ectront assenbl I)é is Inplante est cavit en one or
nore medi cal o &4 @%Wlf@?ﬁ%ﬁceé%tof*ﬁélefé%é‘ﬁbﬂs%bi/y 15§n éléerrg%\fwroatnaﬁdltlozza sgio8d | ocat ed
r enot el y i N hdlicsl deEEelich a'galﬁ?ﬁb)} ﬁclﬂdzﬁn ¢@yorad SQmBI sucHp sgisegbnshibbNcah be

subj ect's bo fereconn I nerator 2. to the electronic
assenbl y 1281%}41@\%?{9d atgl?e’[ems)te ono é’l‘f N th%o% Ageh ndrica wr%mctaésgflbly:l%cat ed at

t he proxi mal lméh’éfedo“?lﬂltl*?éh?ﬁ @Vlael%c‘{"b@dée %P@tﬁéﬂeélg%émwsysum@ the@@@@lanRef er ri ng

nﬁw to Fll IG %)uls@-gdﬁér@t&slii%ldcﬁéﬂ&kmdldlﬁﬂtlﬁgmaﬁnd?Qtrcﬁﬂl@ﬂ6 @hfay AL B3R wkAS 1S
snown, | us

m, cr oel ec ro e ass
positioned a esél J?f’éur 0 (t)o ’Pt(e:réi th Ct %e e A %22?01 fedh U T AT aésﬁ’ln@nE%CW%us shown)
The m croel emtSFr@eFelumﬂmbecmsiseaﬁrmnyctiM@tedﬁﬂ thmlme@mf 'aymmfoelmt@dmbect rode
el enents 14Zaenmlig2dy 142c, 142d (generally 142) distributed along an
el ongat ed, ical su rting structure 144 Preferably, the
m croel ectr 0[&9 gd%aﬂ%“%é@é A ﬁﬁ%oﬁs§e°§‘ﬂ’élpvéedv ABCTETAEH OB 16 SB‘H‘@ or nore
of the m crollseging odecredle@ympivtesledd@e trabe beenibsi4d paneokdat a telrelogieliagkiagd cal
target 150 Rggtéﬂbtﬁalﬁlﬂlgll’mcmt ﬁ(}@ﬂ%l ?heqﬁggelécgooggggé Jséé%fy%b lﬂgludgg %ragsJ ?Ct rode

probe assenbly, s construction features, size,
shape, and dPFr@ﬂicg?qeGHm&‘éW“%"el@éi 1485 LYd fesperally bt Apeutadiclong ap clopggd]  As

i 11 ustrat ed,cyldgcabsupponing s@ictutehe4. rirersraty, %M@@act&ldemtasserﬁ&Qm@a‘shipB&

m croel ect r 09&1&5% S EERATREY oA in B8 RORI L ONCH, BILL ARG f@nt act wHih the
neur ol ogi cal 1 deta f eac nlcroe el enent i s
configured H’é‘%‘oa%ﬁl aigetd nth ufodhis @Fi’r%ﬂrlé‘ﬁ ussqig.cerlsisyrton of m&mﬁlectmg@lprqﬁ?e

subel enent s aMbly,L53«elQ@Bnebﬁ“ mdicSt fid Batr@dornaMts, fzeCihie WE 880ER Hvet he probe
assenbly 140 ﬂXlaI di spl acenent fromthe distal end It is

under st ood t° [ements of such an annul ar
[0097] As 1llustrated one or more of the microelectrode elements 142¢ of the microelectrode probe

Fllect?ed for b10co J)btr‘n

assembly 140 are positioned in intimate contact with the neurological target 150. In more detail, each
microelectrode element is configured here as an annular array of sub-elements 145, 151. The sub-
elements 145, 151 can be distributed about a circumference of the probe assembly 140, at a common
axial displacement from the distal end. It is understood that some sub-elements of such an annular
array 142c can be in contact with the neurological target, while other sub-elements of the same
annular array 142c are not (as shown). One or more additional microelectrode elements 142 of the
probe assembly 140 may reside at locations not in the immediate vicinity of the neurological target

150. In at least some embodiments, one or more of the microelectrode elements 142 are remotely
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array 142c can be in contact with the neurol ogical target, while other
sub-el enents of the sanme annul ar array 142c are not (as shown) One or nore
addi ti onavormhuyvised2ect r ode el enents 142 of the probe assechlip200407ey resi de
at locations not in the inmediate vicinity of the neurological target 150
In at | east some enbodi ments, one or nore of the mcroel ectrode el ements
142 are renotel yaccessible froma proxinal end of the probe assenbly 140
via one or mtesiat 8ah 4 prodnkl ¥nddmd gobd ad@mbig adsvid dae br isdioadejricd 0B ctiben at

| east some ef*?d??noﬂ%@&ﬁ sel ect abl e sub-el ements 145, 151 can be activated
to record an stinul ate the target 150 For exanpl e, recordngs of

neur ol ogi cal 081 i {iat Ypast sopprahepinetis Aritelle TRSlempntcldpt lab tan e YA & eRFdget 150
can be used #nQ of @Rl tr¥ tdrdee15h OFA L 0Pl Qtcotdigs ctf&lﬁ@&&gwlﬁz@twﬁt?k‘r&h bub&lekrentt he
ELEP; g?niﬁ{rts) 4%%0%)9‘[&(@%51% t%{get IQ(F %ang?tlt%gq%?de Iét{fyet%g lrogi ggadf tl}e?a \/% ng ret?a%vet Ithl’en,l | at e
t he target Degenpgemdy fons @dtpenlh@d@tntme@fdmghenlrﬂwsgewb elanigits 1 yraycop@gul t i n an
annul ar - ar r ayimlfidasd: AV bliagd 8 s8ehachafis. @Q[.g:h'ciu%rup&ﬂgé B iSRAUL tde probe
assenbly 140 OOQQE%M t he iﬁoPortln cturles des rlged herei n, such
as the supportiig™ a[PET 5 11 PSR & o F @PeE{eHR 2B UGRE> or seni
pdged structasseeplydtich as a pol yneric cylinder Alternatively or maddition,

the struct Urﬁo@PnAQf‘ofﬁaeEJp%h@Is@ucﬁ&ésﬂ@s%ﬂe@here%}l%h ?ssthe%ﬁ)ox%g Rf‘&&@reﬁhex' bl e
subst anti al ',‘}é? non conducting substrate (i bi - el'ect pbbon) onto

whi ch the mitysGErEeEcHtRe aé‘ld%eﬁé)ﬁf?" fidgsd %Wlét“rfﬁF“r]i"éﬂa pebefie E) Pqebaﬁqe?at%lﬁduct ive

filml ayers rhrendding, ME stiode cdtl be k delitcdmade seh emn bisndatdi®x@le@ubistantially non

conmmuni cat i Ofdn tEn? s&lstga?e ({ o r%%n—gl c%%ﬂgny%l(m{lch%géﬁ@% letcp(g ngxﬂen%’lﬁz gL nore

el ectrical |eads can’ be route roug an 1nternal |unen
of a suppor tirgd g%e#eﬁ@fayw éonslmveafﬁla/lad?rs 10 pschr trgte AT esfeetrndatienrntil A iy er s

al ong a fl exdobhesicapbbait ellebd@lc&u@n@r(ﬁdt El@wﬁ)&lﬁrbl(‘ghUﬁe&)rMe{e&ﬁ(@Q}adk fotsone

enbodi nment s, th m croel ectr el e nt.s i,nto the bram
general ly f o7 3818%" }he m‘gecd li'n’urgE mterg%a‘fme(%ﬁfaosfl p]:ioﬂmgs% rgiggaﬁlgforfo (lic}eep brain
stinul ation Lamiﬁlmgatpé@mrl@mg alofig aflskiblol rivbind b swmﬂgnetstgmiuwd%dl ng the

subt hal am ¢ 9148] eldSordnehvbdiGend! @@Mﬁre&@dtr@&l&mﬁl?l@c&ib@%ia@e@fu{t&tﬂ@brﬁhem?nt s 142
can al so be gl a ther arts of he bodg E as.the retma, the spne,
et iR

t he peri pher aﬁ‘ég%beﬁ%r “fHBIIaU%é’ 8?0“% REFEPREUFE" st i mul ati on
of such por trr@ngngof neamloalneil maéets anitionye Abhdiouguchiondal globus p«diaszs dirhe

di scussed g %%%elré(de%ﬁﬁa@&t‘&ﬂ@ o aIsg'ﬁe p\fzf'égd 19 %er%%g%mgf Such tdbtﬁé I%tulasthé-l 0
intention to limt the upper or |ower size of the microelectrodes The

devi ces and SHEt HEAPAEY 7Y B8 SR 8w Eoqydipgetd iy Rruralstipylpfioa of Sighyaqriigns
m cr oel ect r aden @inzeardether Mithaed nd@etcekidaghrd dschshe getagntedezhapmeveddns on For at

| east sone of, % eMérQ %Jln Ron @R nqg%pgé?'&ﬁowé}‘s&é &Qﬂe%&frge?egtg e

di mensi oned su I|rre ter n sone e iments, mcroelectrodes are
di mensi oned 9titss ﬁ‘ldé?eélﬁdsl descabriereipye aarait salablenwithA riprediciedesigeidslsairs f or med
as pl anar staf;dd)ﬁﬁngrt@ﬁe ﬂﬂaﬂciemgapacad&nam'eﬁaereasoa‘omabnhhtneﬁelogrml ipadati@ke arranged m a

linear array with center. to. center ci ng .9 bout . 100 mm cp QI anar

micr, electro €s are {1me Sioned sub- mllh e%r In odlmen mlcroe ec ro es ar
structure of the m Croel ectrodes can have re jul ar S, ¢h™as circles,
el |i pses, polingeiensd submpigep|lnyoms hlab@snent@ﬁhealllqmirqrm ar@)ﬁqn@ﬂ assxﬂmlhr siresgpeds ar

and/ or i rreglid s SRARRES bR Im ENLS 190G ABREMREYwidd0dr S doiB B0 e near

a neur ol ogi cal target, such as a target brain structure, us conmon
neur osur gi cabout EOmRT dherlaney pctugofdheapiaprlogigienan Bveltss e BPFhiecire virce

ellipses, polygons, irregular shapes, or a combination of such regular and/or irregular shapes.

[0101] This probe assembly 140 is implantable near a neurological target, such as a target brain
structure, using common neurosurgical techniques such as stereotaxy or endoscopy. The device
might be inserted without support or within a cannula which may have an inner dimension slightly
larger than the outer dimension of the device. Alternatively, or in addition to, the device may have a
rigid stylet running along its central axis with an outer diameter that is smaller than the inner diameter
of an axial lumen in the device. When used, such a cannula, or a stylet, is generally retracted once

the device is in position.
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m ght be inserted wi thout support or within a cannula which may have an

i nner dinmension slightly larger than the outer dinension of the device

Al t er nat iwel2g10/66642in addition to, the device nmay have aPp@ilB29/9d7¢15 r unni ng
along its central axis with an outer diameter that is smaller than the

i nner dianmeter of an axial lumen in the device Wen used, such a cannul a,
or a stylet, is generally retracted once the device is in position[0102]
The oper at or [(¢@h CThnpesabr dlenpralerds sedaidly 40 40 récordar uhie@afighes tdifdntify
configured tgigdg Ofgltoh afth%ﬁuto%egpalrtggek@@sth%m el tghlgglg&%hafctﬁ;@@ L€ O

t he brain) accor activity ecte

assenbl y 140bthe Igeheré%@ﬁ%mon@ﬁ?@e en’tbﬁ‘@m?ﬁtse?‘6@%0@6{e?t@€lféﬁleé’fe§ﬁé%t“§ed1%2‘30613 ed to
record from &Mthaﬁmrcﬂﬂgagw@k 15toaﬁrgﬁtthe15& nfi@beldRodeR HaIRdNd GiORlc@GaRdes as
those used tg Stl1caq‘uns 1nwh1c hieotht ar m | n a Jolrl(a:ra%écgrlglﬁmheg %ﬂtﬂ %Qvep%trq recordi ng
and stinul at'éf are acco she ifrferna rve rr aitio t'he

m croel ect r odfidities, é}ﬁrm@leiwe tleresdts L wseldoreeprd ff@mh? PFGTO#PémlGﬂr@gﬁ@aiianar get 150

can be separ abRadihicfo016ln8ed ddRs Pbh &R MoS ubdido itﬁﬂamettma%get uoednt @ stinmulate

the target 150 This de strated mthis WhICh each
i or ol gt r oRE RENBHBRY FIRET e & B 5 Hior o rae Br AP BRE T SAE 145 and
one or nore Stading cdecirqles @b ecitonodenrebtiuiAme slbgedes 111hés shedn. ¢latdedicareécor di ng

el ectrode 141§c&c§ng%'f@tlrcld§ﬁ45t1m119@gﬁ §ALAG s%mmh@m% 163'1 %QJM%bQ&;e lsn some
enbodi nents, m croel ectrod es destned faor recordng (e 45) may differ m

one or nore ‘B‘F’m%l??rédes Q‘ﬁéﬁ?@ or FRGoTtRY (G2 atfd) I&?yrdéfrﬁFQE‘r?BWEr rﬁofed)ﬁ‘?‘fehﬁ% number,

m cr oel ect r odhe srraalesientefohnf thase siciontedtades Gedtined fog stimultsivm) gg.chisfnf eifferat

m croel ectroges [Q193] The microel ectrode el ements 142 configured for
stimulation can be connected to a stinulation source through one or nore

i nt er connect VMY | Sxgdyicrpsecsesivalemsmsddt srefgured & stiradadion @n poiopiceifd IBF t he

stinul ati on soUkER sGad ﬂbalgﬁxﬁeroaﬁl%a@f@aiecﬁgueeasna{sbmeémboaﬁmmm reldi tion, the
stimul ation S%U{l% s?im Peonlsgurvelcg eex aco r@eaﬁ%endlatlelelegengd%ltog tl}el’s]emu z;[nl rml ation
source are prefer Bfiy Fabr i Cat S AndrorPCont ai nea- w th & Rer et e alty

seal ed, bi o-ewapar ot eve nvgllr@qi@tesalemenm%ﬂle éin@ElPltﬁO@C@fﬁm}kng%gfa@fca@ gnal

s ?ur cht i's wabibr cJéﬂ;QM,WdﬁlQﬂler%@m sBaled/MBid- hﬁqparb@eaen@iop@rgubﬁﬂl&éoalpatmcerraker s The
stimulation s urce,

ravi .cont r ol ener at or
ot oduci ng a AeSFPE R Gt gt o R JE B PO “TE PRoT R alSl ot he
si gnal gene rsamolathqueew@n vevidg, maype t cinpollabla signabeeodrater pdnésqmgedesaert Sozutil

stimulation a%&ogmgl 0 £5£sqgﬁe&¥utsy&fax%tewé sighbl g@aelra@& &nQynrec%w alallnau GRRaoye a
vari ety of wave forns, such as pul ses, charged bal anced pul ses, sinusoidal,

square wave,? dﬁ?”?%ﬁ‘ﬁ?“é“\%‘%?&“ S&ﬁﬂ ﬁ'&%’ﬁ’?’f%a?‘icﬁ AP faten stpad @0 g BV 6 Rk [0 104]
| n sone enbodivernbsssuch d3@uisds) drarhed bil@nedgolsescenusgdal) d@sre vapukisglegeneimt or f or

appl yi ng si gpa lﬁautoﬁ)sotfglghggélggvg‘%lfgﬁ%rodes site The signals fromthe pul se

generator can be connected directly to the mcroel ectrodes, or they can be
pr epr ocessed1f4l ng serecEbpdngiissthy HingBren seitsdRudesiPylse @%ﬁor&rémlwéwlﬁg
el ectronics tafhern&li’daﬁddﬂd; sid. t”ﬂhmlgnlaEﬂbrﬂﬂie@ﬁlie@bﬂxeeatcﬂe%lb@eon}[&%d pikRPr 0¢eSSi Ng

el ectroni ¢cs can fh—& ert arts . of orlgl SU( h as a
micioelectrodes or 5% can e roc%ssed usi ge tromc In some gm me’nts
cardi ac paceneker Ssi preferre requency conponent s

of the ori gimrFocespt Ctrw\?a?realiﬂ@d% W@tblnﬁ?éanplaaltablééwqee“éhe@teameésnfgreéefwemy of

t he m croel egt ﬁl&d&&aiﬁ@d’m erhQdLine 51&&1 kudn Yo cEliad Ibhegr&k@rs@nam&demo@a&el ectrodes

t han signal s, Eggroﬂnl cs can rp o 1n!1131 natlthrrtulra'%i on si e%pa S, tofr referred
one or nore pé? (h,f 6}.’8&1}})81&{1'58 g g at are at or near a p resistance quency

of the microelectrodes. For embodlments in which there are more microelectrodes than signals,
electronics can route the stimulation signals to preferred one or more of the microelectrodes.

[0105] Referring now to FIG. 4 a more detailed view of a distal end of the microelectrode probe
assembly 100 as shown. The microelectrode array 104 includes a formable planar substrate 160,

One or more electronically conducting regions 162 are disposed along portions of the formable planar
substrate 160. The microelectrode probe assembly 100 can be formed using a polyimide structure
(e.g., 160) containing multiple microelectrode elements wrapped and molded in place around an
elongated, cylindrical polyurethane body. In the illustrative embodiment, the electronically

conducting regions 162, or microelectrode elements, are thin-film conducting bands extending around
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[0105] Referring nowto FIG 4 a nore detailed view of a distal end of the
m cr oel ectrode probe assenbly 100 as shown The m croel ectrode array 104

ncl udes awbaenmedsbL1pl anar substrate 160 One or nore el e@CTaROHDI7Y1S
conducting regions 162 are di sposed along portions of the formable planar
substrate 160 The m croel ectrode probe assenbly 100 can be formed using a
polyi m de structure (e g, 160) containing nultiple mcroel ectrode el enents
wrapped and smbgedal Mrphéeacea almwmanuektosfgateRogated ylindribalingalberpol. yur et hane
body In the éh ?ntexre%% 9 Fu%ﬁrggc%cmgndu&ﬁg ba?xliﬁel Egpg g}%l'tl e)échqgcqg&lﬁtaldgigreﬁtegl ons

162, or mcroeléctro enment m con uctin ext endng
arounda subst@ativadistEre ’éﬁ‘PFF?é‘rf@ﬁ’@éhS@f tipH ﬂ’éﬁ‘?’é&a‘iﬁé@@ﬁlﬁ‘fﬁﬁé‘f‘e’”ﬁ?‘blﬂ he- dbongat ed
cylindrical ﬂ&%bﬂhctﬂa@ganﬂﬁl 63 bawa eledtrﬁt@l[}&o@];ﬂe‘a td dﬂlﬁﬁplmfé palbeaGhdrdt@ alnlsyme
conducti ng ba d 2 spaced part | ocat ent ective
di st ance nea$ 33 r %ﬁw QI’ omadr ft31 Cofldwméﬁ e cofl@%d t%tbeﬂn ?ﬁn%élo fnera%P

assenbl y 102thfPhgh ah Wd@mpﬁ@ﬁlﬁ@h@SWGQhe@&ﬁﬂ%y @né@tl‘relel?arqdy‘)v@@uquh’ed to an

i npl ant abl e QLS Q&H@fo@f»ﬁ éthé &n&gmlﬁmfg@eoa&@m; foPREmN, cARhre Rm 3 RS or
conduct ng bands are cou to the inplantabl e pul se generator_through an

i npedance maftf QCT‘PBUP‘EW)( e 278 o8 ‘ﬁ*?f%eleél“éiﬁf“?%sé”&icil ?‘Cﬁ‘aﬁtﬁﬁl&dV vE®el ect r ode
wdth mthi Selexanplcmducswaﬂammblecﬁe& iement 1o cap]abe fdned vaing metals, uilaldy depkect abl e
and, for exagzmcquu&sw S RARGE do Rk cér & & o%g(l;ﬁg&o% pojre) . there are

four such nicroe ect rode rings |c enC|r eeIectrlcaIIy
conduct i ve nid¥iobeleterbyae ev‘eﬁeﬁ%tgthaewaélaﬁla%swbﬁﬁaﬁééo 18@1‘4%3 Irgitadingl  suitably
doped sem coiduidnQbs Thﬁoﬁgﬂ@hhhbﬁte&(bhymg@ incE0N\&hd 6 thot€cl@elcal fir &S elemh

conbi nati ons_t,her eof {)Q%c east . S the f or.mabl e
R
pl anar substYate °Té’6m|L”r‘?c‘? ea!;ly a “Sthvgeuwt“ﬁl ‘9°°Pta&°’ gﬁ%ﬁrﬁgn 184 °TRTs "

| ongi t udi nal cleskicdbisorgretiyedreyrgjenicnts susd as thheiredpadpitasts dpdepayide éerlectsral cui t

el ement s SUCRMBSniONE \Qﬂfh dﬁ%ﬁn&d &l reie@adahycoﬁ@adfgeaddy €52 \Wrbuh lne&dmeaﬂﬁg acts 168
t he e ectr.i c u such

as shown One o tive
o Thol eCah TR B D e Rl b St ST B N R BT oneor
nore of the /eslle@tra‘cerdcallelayae@n@wéthp mgrdolaeichde 4@21q4mlwghalpmaepe@meetheng

traces 166 ex!andnm NELAREN:HRE: e\%e&eryllwd)tﬁepwn%x SichlRGre mffd]?k% RbRpErically
conducting bands 162 As il lustrated, | east a portion_o

m croel ect r od&MaYF B a{yshingn P‘&E‘a‘tP@H”&P%’PF@“&%F@%@FW&H meghpt 18% eF OBt iR
el ongat ed i dxeoied] esitivcaaeoitadids assbuyidigd cABilindkloay anfroerior @n®n slibdelagaiddhe

| ongi tudi nal EBSF Snsk neﬂ(ﬁnﬁl){!&y §oileg&aotfﬁ‘ugm%f'@lé&n@ﬂccfﬁh&%?{ 10?8%87&%95 t he

el ongat ed cyI indrica 2 Four Internal electrical conductors,
| eads 108, aPEMPRifa{iY VidtederPeiteontiphieaTshgd a%ta?hléﬁa%ﬁﬁﬂuﬁm@@i on of the
el ongat ed cy[blomﬂrmalsmmgmﬁrod&{aa 3 ﬁicﬂ’laledub@fanﬁ);f 18e aGlsedtedtiBGI NtTE Nal

el ect ncal Cor‘ﬁgr‘é&?c%ds aifa 8186”atn b%]:l%rgpl) :gtal allfucro cRIUl ngéfbsy%le%ﬁ %np?c%pec“ ve

one of the wre- Ustr at e ary
enbodi ment OYEMS ﬁincdeeeq 6 candd ereparqdipmpgebsiantially dlegtictytinselative Fpi@r Sibsihie

m croel ?cl\:/tE I O o:ad Wiadh tﬂ&%c&aﬂyb@dwle@@erne&s &S foBmddl @&Qxﬂpﬁ(}% Ji?é&fé@ﬁﬂeirCm
syst em can repar rom a.
Substant | al FPETE ARy o T UeT s P un e Par 8o e SiEg Silech ¢ he
el ectricall wleevemtdftfeltemveoedcecrﬂenrtr@ as ghofvp e clfgnt reixaepirede agaydif eleanckit C

pl anar SUbStcEn%&mé&@mén% 1%69@5 91@|4ct R4@E‘g£ﬂéﬁiﬁy %4%@?0&111&%%)601991&]1‘3%&&%3 msur f aces
corresponding to the mul | ements of the mcraoel ectrode array

As
shown, a fommef‘e‘T“é’ﬁ‘é*ﬁ‘f’msrﬁhE foeaib&eeafl%fd%“% By malrldeér‘é@eewfheaéﬂtg‘ﬁﬁeb}?éu‘é}f%
el ement s 184sore k84 micrdeBdieqde 184 dlcfrgenids ednlby cohBhied iond @mvethttenciauipol yi m de

substrate |n,.5008,8R ‘Pe% Wn“-é‘&a%es 1%&‘&&1&%{1 TRRE Bo L ADRESUBSTeS 2R 4 82:.0%L udes a
| ongi t udi nal extension
be prepared using standard MEMS techmques by which the substrate and conductive elements are

prepared in a planar configuration and later formed into a non-planar shape. For example, the four-
element microelectrode array 184 can be formed into a substantially cylindrical shape to
accommodate an outer surface of an elongated cylindrical member of a microelectrode probe

assembly.
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nore of the mcroelectrode array elenents 184 can be connected to one or
nore other circuit elenments such as lead wire traces 186 provided on the

| ongi t udiwal20extsesrsi on 185 Such a devi ce can be prepar e#CuaBrg9/sizardar d
MEMS techni ques by which the substrate and conductive el enents are prepared
m a planar configuration and later fornmed into a non-planar shape For
exanpl e, the fourelenent mcroelectrode array 184 can be fornmed into a
subst anti al | P18y Refelrinczkt ts Hgp@ the MEMCBROIBA isehawn atashedrat slivtdl aee anf  an

el Ongat ed Cyél!n@gtéd %ﬁl&dn@ﬁﬁpﬁtger sz @hergeg&lgaﬂll g&lhlfc%%m@a%p&?hem %@Qény [0108]
Referring next to MEMS device 180 is shown attached at a distal

tip of an el BRYLEVAIATRY Hdrimems cmesibebrut fgputeiutass %fél?eref‘)&%itqd)?ylk?@ﬂfahct ive

surface of thentdeolsr- Eheneniicrodletrale et 8O gosaibiied Yor ilBhate ecmabtrasd ﬁmmﬁbed about

the outer S%ﬁﬁgyne%folo i ewag%%ﬂthgu e Lo lTRRGL o6 ToYS. Lhe-
PSS s o o

m croel ect rode a t1one and i nteraction
wi th any neu[tolﬂ%gﬁ&élfenPta‘feﬁ@?OdiW?Pfc?fWﬁuf?IngtCﬁ@fOé? @Hg%ﬁf“é’d“%*}lﬁ fHeribésal menber
may be pl aceﬂul[o%l@&bromoahlts@hdm%s MBrfRBID QkH dm&ate ofs sBovi@ubalaOgiita kndRf 4be 200

i s shown in Ii')ng ! yl Ir1c§a1 QO%UE&l 1ﬁustr I‘dO em% c? ment %ne %1n|dr§]c% bog ?s I)r?nr bl e
te shown at" a af~end of a 3

filmsubstra end ndr| cal
body 202 In Waeoamal qusltdrlgﬁl @ehl@rﬁbédammlal eltdhee egat th@npaéegntaﬁaw Vzl@@ | s forned

by two coaxi aéct&MinCMEdt&aLromamd 8 1Bl suBfu@¥ 08 e BickaiRhethRLGNEad GiLd Ndr i cal
contacts 206, trical IB%?rﬁ%)Ognect the proximal end to the film

el.e
substrate ZO%IthﬁitL?‘iﬁ’%"l ‘é’t“%ﬂcalé?f ugh lead wires within the coaxi al
cylindrical ftliftbeReer@@eft@AI0] 7HRe mer Hetrigd miex bf thegliskel @d 7Bhovar. rommed dekzai | ed

view of the Q'o§tglas|urfé%9gfthe§fo§£9%ff2£1@{ﬁ)gtra"f’cl 20816ke Q;Glt@la'&&(lm&!-éﬁtfa@&gné?ﬁedt he formed
cylindrical substrate 205 a pl.e circunferential segnented

m croel ectr dﬂlém@fcérﬁ‘?ﬁfeg’e‘?b@4&‘ﬁ’dw§6’?°e§ ﬁ‘&&‘éﬂngaﬁﬁ‘rlfngé‘idﬁ’ﬁ]gan‘ﬂ)ﬁfcl‘fnﬁeﬁi’f@l ¢'di nal
and ci r cunf e et exahplaxesbolimedt higls sek emphcarymiendiagbdrelkiesd ghibclgisch conduct i ve

ni croel ect rqqﬁro@wgme%w% SoaRls %sled\élu e }&gﬁnCQO(%@ct?o'd&w&oﬁmﬁ%Q%a@r e

segrrent ed such that hree mcroel ectrodes at a conmbn axi a O(;atl on are
di sposed abdefetiop 5 dieerd @P@ﬁe’écuafer@mﬁéf He arellaslplegbe HllossrgigpheieFerred to
herein as s&g@m&ederednemhscgﬁm e&ﬁ@rﬁﬁﬁz&eﬁ1rﬁlalﬁﬂﬁ%ﬁﬂy$ddr&§dbleaﬂcﬁv fiondependent |y

addressabl e al | .ow for abl e .angu |on bou
probe asse rrb?muliif’é‘ a&elec?agle an %reglon ou%ﬁﬁ rgee ags&xblblrglrgr)e E rexamﬁa tsosase Of the

probe 200 caﬂlfsnisets el Hig @dﬂep@bes@pe@thev@wedtt@ @é@@tlvalntraq{gétgetaﬂlqya@e same sidanme
side of the pmebLbdvbige hittRe &B@leﬁabcﬁlb@%%edemlea@e@@&at yakied aﬁggla%él@pt ively

Lendi ng_ 360 EGeboTdee bR HeRTalt SR aERG e BB C i pehia prh Pofus T

ener gy t owarsdid & fdes treed tavegliadesitpdiddidd M croel ectrode el enments 207 are not

segnent ed, t[bwﬁﬁpflqrcﬁ)em%deeéle%ﬁts ﬂﬂ%req,et\@@gn%n&éﬂ@leﬁf&é Jn@elsatrs&lemegrmﬁ&e of the
neurologlcal probe 2 enbl y i nclude an end cap

09, whic
covers the éHﬂJ“H?YeIFﬁ%f %ﬂewﬂa&l‘fab%wbe@&%.Tﬁ@awlyf%%@ﬂmeﬁnwﬁapa%ogdvhichm ude a
support tubeoRisSheond of thuiylidaritah@bing. lee)eslsmbtyroandaesofmclum cappopeubattsaehed, e g ,

by gl uing or hthﬁ%rmcrmc&&gﬁ e{;gctrg@gﬂtfy Coup %pﬁeq&&g B thil o8 cach

cylindrical contacts I'S to a respective one of t he
m croel ect r GEE St Fdog elgEU’VhI[dU&ai%’]maFff %9675(9166@%‘1’15‘1“913@ 08 repretiveRagsit g r equired
for the m craabeetsddm4fiorm 205 in order to be

[0112] FIG. 7C demonstrates the shaping required for the microelectrode film 205 in order to be
assembled. The microelectrode film 205 also includes a longitudinal extension 206. The extension
206 incorporates contact pads 211, each pad 211 in electrical communication with a respective one of
the microelectrode element 204, 207, for example, through electrical traces. Both the distal and
proximal ends of the microelectrode film 205 are reshaped, for example using heating, into a
cylindrical shape as shown. Other shapes are possible, depending on the cross-sectional profile of the
support tube 218 (e.g., triangular, oval, rectangular).

[0113] FIG. 7D illustrates the assembly of the neurological probe 200 in more detail. The assembly
constitutes two overlapping, concentric cylindrical members 213 and 214. Inner cylindrical member

213 defines a lumen with a typical diameter of 400 pm. The outer diameter can be 1 mm, but must
-15-



assenbl ed The m croel ectrode film 205 al so includes a | ongitudinal

extensi on 206 The extensi on 206 incorporates contact pads 211, each pad 211
m el ect poslD 20mFBHtiicati on with a respective one of the mCrnbmlogeitde

el enent 204, 207, for exanple, through el ectpcal traces Both the distal and
proxi mal ends of the mcroelectrode film 205 are reshaped, for exanple
using heatng, into a cylindrical shape as shown O her shapes are possible,
dependi ng onbdlésether thsigres digihdt@nbdutepeydfidricd mombdr AE. Buhpglintiridaldzenb2rd 813(aed g
tnangul ar, Omlcaqb e%&Ldiaggq%mmLchﬂlgh oﬂog%ng@(e'gl Iséﬁﬁtn%fatoﬁﬁexﬁbn?ma&a@max of the

neur ol ogi cal In nore assenbly constitutes two
over | appi ng, Poéﬁf?@é‘i‘ftof F‘ECOB?IThﬁ%fFW%(Ialsﬁ‘é%‘ﬁ@F@ el@&‘éeaéﬁﬂesﬁiﬁe’ﬂtﬁﬂﬁ%grb@y?%&aI
menber 213 dﬁfalsﬁh%deﬂneldﬂjéf@é‘bn\ﬁdetchmaeriMpl206.|Inﬁhn&ﬁﬁb@iﬁm@fs t4QehdraresThe aeut er

di amet er Canhep r%Iy wra, ﬂgéﬁnd%ﬁll%} EndI ea? %er%b@%ﬂ De%d {Ng%?i‘?, %ag‘%‘%&fgre a(a Qrgto?r

cylindrical ot h cyfindrical menbers can be conposed
of a pol ynmeri%!25 pgi dhegesenblymey gitienafhgingjude agigiior seinigiigdd fyppofytedg ¢ 151 %ls diveet er i al

such as pol yspethane 208is skd asca@@@orir Q@S SR (B Sifro Q@ Bsdeifb®Satdeght | ead

W res 212 exte | on i,n ce define et t he. cyI i nders
213, 216 In % 8%8 rlrlﬁo ?or?%ﬁliode a{nﬁ.}% 1|s attaghe\%?la 1tS cot pzﬂl 91 Iq |caFl leadw pe d

around i nner2l@ydéhrichd iwgall2rvendvtng a2dsBecliecade vﬁﬂre@snt@md‘g%meﬂalmby 2 Wawecoaer

di anet er dof 8Q: dAne da tc{m BRI @%ﬁgﬂ?l%gmm%ptrhﬁﬂgﬁay?b&qihg des @th&i ek
sem-ngid s u s _di en e e

support str u'g{)‘ﬁ%“oi} ﬂ{)g ° AT Cﬁm‘i {X SOEE PO a8 fop F’ﬁ‘ln%% B erﬁgﬁéi“fac hed
The m croel exttr Bigend ¢ap nan2e Shaped, faxtdxamﬂﬁehhvmg abluitprofbnsaiotnpads 2 11 to

el ectrical |gad) WiGess a%;ln%mstrﬁéscan mllag@&kamsgé;lb%&%eum@icacb;ab@gooaTﬁee&ﬂ?e@&ltI ve one
of the contact pads 211 can cover these connections addng

strength to ‘toﬁlé‘?nr‘“'n%‘ieﬁclféidﬂ EIGT%“%“@YFégi By iRk 'pslydiRe shysnisrecleetdh "‘W&ﬂﬂ)ed m
t he directi osafe ifeeniing TWatkd theadulely/pibigyd 4 CAphi2@Do Do s digadupeatuse 11he

cylindri cal ﬁ?t@%?n% eg‘%‘ﬁedaangﬁg&%t%g%iggge&ﬁ%@ can be shaped, for exanple,

havng a bl unt , as s 7E denonstrates an image of an
assenbl ed ne[ﬂ}lé] ofjiotst epppdiment 20 ctppgsted) micfoslediefe REhrpwrrRi L0 dpddeiratdddt m FI G
7A through Rh& shRnares. Y]BSﬂcthnghﬁlQ:le@dU@& zin’ﬁﬁasfﬂn@]’yQ@éi et fnqwﬂealroaaayraa}l | m 205,

the inner tuatgi n y%}ﬁs %osgioneggt a%li'ls enfio nefgggéa‘l?e% aylmclﬁ}lc lﬁemb%r@? CBnce ag the distal

support tube®vT 8enT fipl ene AT B AP ER t ube
[0115] Anot hernoerw?betmaﬁﬁmnd@fweawh@rwgmtaet@larnvmﬂe@rie@tm@d@l mdobtee dagdeibl y 220

is illustratgghdfdrhGuRA Andovl &:8Be folumam@m{agcaacomaag%l BCHHeOGB o B ErRY
assenbly 224 The cr oel gctrode aﬁ_{‘cré a%%c n(g y 24@4 PO iti o ed at a
distal end of"GR¥ErERGAL BIEOFIRd POHEHBEATY ST PrE & a‘.’%&fﬁcu 78 or nore
el ectri cal | ymicotidtuatidsugemigy?33 mokitiogal aloppat ceifisdt S)nam@nq)@smsmmmdf ta¢ asgmplyoxi mal

end of the e}p %Qgiuﬁﬁal Q%Lﬂsﬂaﬁjﬁjz‘}@dffsm &ht tﬁsml%éié’&@omés BEE£1738 isf Bfineg UCh
cylindrical contacts 226 t her enbodi nents, there may be nore or fewer

cont acts Theviffrep H’éﬁl“ércffﬁf‘?iti’é thﬁ FlP’égﬂte‘é%Yé”é‘i‘r'ﬁTl sr/“e??%} z%ﬁ %elmpr%@s% the
m croel ect r ofibodecassa aBtybP B3 fpMsitdricdnedthabeangouadingtidl@ehl chdnghént dddaat

ext ensi on 23ngor textng%le@tﬁ&?gmhl%to;n}% éxg 8%5&1‘1‘@% Bg%rcu%é %Rél'm 1{1233 ’\302011%: §r ngPofre]c o%et such

that the mcroe llnectronlcs assenb IS Ccon |n an interior
regi on of t Hee @linsgphe@dce3Ai ndri cal menber 222, ther eby protectng the
m croel ectrqnies MsdRMhY, rez&%lgfusm 88, &fc aG bitudRal\bkitdRioh b 1§d1@’oﬁrﬂél|d@€jjcﬂg

bi ol ogi cal e?%llmrn}lca 101 \}mh%]e ductlv electrocpes ofrjg‘}jnlfroelgzg})d’elar%%/l 23 %I Lilcc;[n%grsmo%ezs

extend from ongl fensIon for e o

cylindrical ledirraeisd- Q@@shown are the connections between the internal electrical conductors 228 and a
proximal end of the longitudinal extension 232. Thus, in a recording mode, electrical activity from a
neurological target can be detected by one or more of the microelectrode contacts 231 of the
microelectrode array 230. The electrical signals are then routed through the lead traces 234 to the
microelectronics assembly 233, The microelectronics assembly 233 may process the detected
electrical signals, for example, through pre-amplification and routing. Ultimately the processed

electrical signals detected from the neurological target are routed through the internal electrical

conductors 228 to the cylindrical contacts 226. One or more external medical devices such as a
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[0116] In nore detail, referring to FIG 8B, the |ongitudinal extension 232
is also in electrical comunication with the conductive el ectrodes of the

m cr oel ecwoadw/@s42ay 230 t hrough one or nore | ead trace®CI3B2000/8@7hown ar e
t he connections between the internal electrical conductors 228 and a

proxi mal end of the |ongitudinal extension 232 Thus, ma recordi ng node,
electrical activity froma neurol ogi cal target can be detected by one or
nore of the f&&dc@&hﬁﬁbtcbﬁd@ad&@ﬂ& a6ilgsedidro@dctirbddassemity e lieair adeliadicay 230 The
el ectrical sij en.ro 0 races 234 to the

m croel ectr onﬁq{égts %ggcér%bflifyafggrr%h%%%ogt%%ee%hte{erlec():trrﬁcaggqlélgsenbl y 233 may process
the det ect ed%}7cPpeeaimosiofhardindricg ot A @n dbasiduemiprieaartitd cati on and
routing Uti ﬁﬁtoellecyromhﬁs@ﬁl&g e&&aduga loCdr o al h&in@hal ckciletati-ed 20y amdthe

neur ol Ogl cal tgtlél o;[ex?erealr tro eJr[ahrO hnﬁcpoeelectrogl%gargs% e|2?ﬁCtF8rCea!1m OndUCt ors
228 to the cyIPPRAPT BRI CoRPEE PR HIE BR B GF HEPS” % di'cal “devi ces

such as ar ecmed@k sigpplymaly ge !&S@hqq eddcewhithong ¢renogd O(Bﬂilgaltcefélevfméfr oehectthode assenbly
220 t hrough ﬁllaﬁ)e@aﬁloumray £8are GORtA S Secddife. 1R Eond |e§9cldﬁ1yen@- Fyéor@mg &Heeordi ng of

t he detected eletr| i vit re o cylindrical
contact s 226a08(ﬁ?? ]a"a}?hfj mécé??il?‘ﬁ&ﬁdﬁ%{?%"to{}f}ﬁ “P%ge?eﬁliroéif 6‘8’%%0( roni cs assembly
233 through BnhEs] oAltermﬂtleelmr irt ddditigmn the mivekele@lomict assemblg @¥¥cupy tiroluge 2R @tirilaveror der t o

renotely or f%ﬁo%ﬂﬁalg k¥ {6 QMR mo‘PaOtﬁ;{n%é Qe Qficrlderdit GERGBSH Jn%rUn%ftﬁesse”b' y
233 For exanple, an external signal may be used to select which one or nore

of the m croeHBEE 6EE oy ALPaatgtly prrimadditien sheh BEPIBTRS (ShHapss B3bF Wik sel ect ed
for recordi n@mbiie s@rEmeAbOEE dyBditisal cratas icRgone afthdiviciadeatdeleciesbed3i oForal | of
the mcroele f, r

A Cernat el ey SQRLACD . b lIFLM SLOPLE LR A A R fé%%&%ﬁ  nel ude
a mul tipl ex 26P*@rsufé%?f*bfon?fgeswﬂeal1§ig§fﬁlmr§elercﬁwlﬁw’és stoRdfneensly- htnh’éplexmg

m croel ect r odg igdh@AERssitaRi3 ford) rstum a@ﬂﬁe d?sflslc'ﬁd'iﬁ.ﬂ@y&xinéld{eq&ﬁdy d6B1h a6 kiblednd

Al ternati Vel%dec{msmnmqu i 1on an Com matlon fgn eX| n tg p hglues can be used to
combi ne one Or BRI, ¢ rical o ¢ont A¢ts 296 °t'0'%Re of the
m croel ectr olﬂb19bl @ﬁ@mwbz‘gmer@dhe reirarpsirenics pwemtdoip aerfogm 23ckstoeme lpel doupl ed to
one of the dﬂr&%@hg 60R Bfetist REBlogisdl SvityN & sofn@bthbo8iiRhidGL SicddBondhi&s suf fi cient
for accessi ng ly%fgrght m croel ectrode el enents si rru}t (peousl uch

nul ti pl exi nga A ARYCIS PP e BPR{ ISR A B oY RichoP'eia
mul ti pl exi ngelenfenteUeney odinwk sf tgreyindtita pinexs 179, Swbdeictickéhionswmbly L exi ng,

and combmat i 'rgd}sbe 9§1m91'8§w1%5 omﬁtgr dgxfwet Q\?cﬁ?outl&crp% 1&%@@61&9&4&%&%109 s@ﬁ%ﬂ& reed
enmbodi nents the m croel ectroni cs assenbl rformat | east sonme |evel

of processi MY Fs e GEPEST Edenegh ‘Bltr&ﬁishoéﬁe gagflii ?ffef')Fanﬂftoé)dWEChMB?il ments the
M croel ect r onitdss @s sewbiigired 33 mamyx fxbioa topUseby of mert BhdevibdeucbrRAGEd Ng one

or nore sel %E %q)e c%ﬁﬁ?ﬁ!ngag \ﬁ %%ngér Jﬁtfﬁle %?crcgelegt%m%pgs %blly% %g%e mtte %1

cylindrical contact m croel ectroni cs asse e a
sinple swit cFediral podtckrs débisedeonauetiol o ﬁ*@alr?ﬁpﬂamwrtf@éedémwp P’éﬁ’e?é brarer cal
SW tches, 1 arRdugwhd &hos, of @BEbnatect roni c switches, such as tran5| stor (e g ,

field effect 1%@ isto %Oasmentts es. T e switches caqudb ured ma matri X

fashion to al one of "nore of the m emomc el'éct'Pode léna COP °2§1g Y% he m

conmmuni cat i ohchgs piig cpmere efarrmbﬁ@n@f ﬁlteh@, md@tt@edvemtﬁoomamsle as&entshyr 233 and t he

internal el G@Jofdh@%lod&@x&d)‘ﬂﬁh@ﬁo%vr%%g I%spﬁﬁergﬁayaﬂeg@maerd%rbmgtﬁg sSkghalgnfs may be
recei ved frgaﬁﬁg ext er nal rou t he cont acts [0120]
|

e re o TR o € Pt b S P B e B oRr R 2 R e

condi t i oni ngowiitioging teyinclude one or more of electronic filtering to tailor a frequency spectrum of the
detected signal and attenuation. Such electronic filtering can be accomplished with any suitable filter
known to those familiar with electronic signal processing. Such filters may include low pass, high
pass, band pass and combinations of one or more of these. The filters may be implemented with
standard circuit elements, such as inductors, capacitors, and resistors. Alternatively or in addition, at
least some of the filters may be implemented using digital signal processing techniques.
[0121] Additional processing can be performed to assess the recorded signals and to determine the
location of a preferred neurological target. Through careful configuration of the microelectronic

contacts in their size, location and configuration, it is possible to locate a target neurological site. For
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such as one or nore of anplification, filtering, and attenuation For
exanpl e, mdetection or recordng node, one or nore | ow noise preanplifiers
may be i rwbudedsf4on boost ng detected signal |evel to i mpcoxB200H@d7715
detectability and recording quality at the cylindrical contacts 226 Such
signal conditioning may include one or nore of electront filtering to
tailor a frequency spectrumof the detected signal and attenuati on Such

el ectront fi bLhebinegs Bamichee am&rm}oidsaeactwr& $im@Biyned bh thabli@ of fdgtt@burdowWn to

][ QSVS gafs gm lh: gllé]y é’é‘gtos@bl% ’coe r%c%)l;cp ac 1v1ty o g(p widua I{el(ljr{gnessmdr%n?% t? Eé[];i% rlplcroelgctrgr?%( It Rg!s gd-el'he
filters may afeenibhwmerw@we \m’wwh mslte aﬁ@aﬁrpdhceqlqn@m%ﬁcérrt@r?éﬁdtcsr,cultsm&@) as

i nductors, Cmcomryevaaam@mtr&ne@ S &us Suchlad efcm%&evse}syeléaﬁonm@qg}yteie&ems at | east
sone of the filters

usin i tal nal processing
Cechni ques. [ CTSHTCRE TSP B BERoesy P E e B A o acoess & ho
recorded si g% anexetplagdineitudivel ckthrgioh oA EXSH filof degicqs Sihemicdid FeAr Bleogi cal

target Thr oughiG@aheEinsiGORb ildMiRt bRRr fifn smeatmer PR BGLHONMD Gk @RLARE S 1N
their size, location and confjguration, it _is_possible to |ocate a target

neur ol ogi cal &'8{R°E TS %‘ﬁ‘ﬁ&la‘itrﬁfélrff’%tacfﬁ”i’/\ﬁ? form ‘Efﬁénq‘ﬁgé"f‘qiéﬁ“eélfetddﬂfié’oﬁ‘fﬁ‘?’l’te‘h‘@t s are

di mensi oned @ronithgator@er mot dévizegethe BleubOnSssehblres (Bisis Bosss)bire stisuaecor d

activity of ig%é/lngh'c% QG446 05, Af@&%%@féeg&tloxalll Gridl] C%J;tQ&J R &%5&@: assenbl y

233 may include one or nore o tion-Specific Integrated Crcuit

(ASIC), conmismfiye regu?f afBF‘banéP‘éE‘P’i‘eéﬁﬂ %@%éﬂ&q igigroongprEipn tg gnerfy epre pfBtessors,

el ectronic nﬁmbryle@h@mmﬁes 2zsomnum ot bfaSothnsipad 44 ﬁ@ﬁtﬁlrdﬂékbdp&i:b&buﬂleﬂgl c,

power condi tlog e Dlke 012 2 exe Y ek é(;[nlélsdl al extension
e!g%e tgf 1 aI%T %( t %Lg @nl%g épa{{lﬁ&eﬁ tcy qfrh

of a MEMS fil evi ce |s [ I'on ud| nal “ext ensi on
232 incl udesm’aroﬂFCéfﬁ#rcowchr?ﬁbuﬁsﬂ%‘afttfé‘ @HQ Phige @Bﬁb@ﬁ%ﬁ’@eﬂ%@@3ﬁﬁlﬂﬂ@e§wa first
group of onemoclEAMbRCBbBEEY bBAbuEORran bl thdintbaniarihalvilondiagipads 244,
si zed and p05|t|oned {94acco date one or nore devices of the electronics
assenbly 230°(BT E8URPACOYRS PPR&* s ubst rat e 242 al so ntludes a second group of
one or nore @Al t hoteat endodiptnt paaleloegatt actslerotihymoteassemidy 420jisikustasedds ng pads

246, sized and NAShd FRNAG. R ACEH gﬂm&ﬁﬁ& a%@rBQ&BEh%QHﬁEEe&Qy 0436 Pdisedfor e of
t he interconne t| ng lead wires 228 At Ieast sonme of bondng pads 244 of

the first grUpPaPEOCHPPEA*t® toaspbtpiaciiaats "Wyraése’E’P A2 bgn
I nt er connectmiageltdredehomdinghaichg a@4f the icr@Bpedt irnes drebeddbreihheniseniged8Ct r ode

contacts 23 al'so%luhels oHeSJr %k%glmmu!: 1 cg’ t%‘Qs 428;' ﬁ’%"?k Qngy Id‘éﬁ '(g@gelral@%%? 03 h%%m%lg 2

ncl udes the m croel ectroni cs asse ereon and
i nt er connect$fgs Pe¥y Wl“’é%oe??‘@d‘&@"{j‘wséﬂ“bﬂyo%?H’é‘cglé’é’éﬁﬁbc"@‘?“éiﬂ@ i dle?F’F‘&rrg pads
246 [0123] Anot hﬁémlﬂaﬁm@umpmndaéal atmtet ongoicedindiiar aelvecthr adedpiobe assenbl y

420 is ill UStl nge& ende@l rﬁ)erl?lﬂg%c(sess le froBrn ;E1hotpari én gﬂ)til (¥te§1 %aproi_ﬂmgideng otqhe

m
ni croel ect r ode arrﬁen asse a dis 0 obe assenbly 420
as shown Thlﬁoherﬁ%?f@éﬂ@@-trode array assenbly 260 can be any microel ectrode

array incl udpngi a@geooﬁlo& ReriHl ggceeile&ﬁﬁmﬂzau@u%OQ%W@&%CME gy The

assenbl y 420ass%ln des one or. nore ¢ t4[21tgir11h(e:%lt co nta 26a, 426b,
426c, 426d (GERRYA 598" BP™ BTSRRI dA, eénﬁo iSFGE ect r ode

array asse rrbllogflg@@@waaﬁ dot ¢oyihtenfedy w@ahter@po nrthepatof thd Q@n amded umsrpddé edvithl floniplix

flexible el %@egl%a@yéylmcal%hbm@%thélﬁzstrlt@@encbxhlhmrfb&@dch pesrRer 422
n- ended | umen accessi bl e from an open end 430

ncl udes an el o
| ocat ed at !bc{)}% | arees cavnoef(te?% hﬁli%lb‘/ealo&% fshg }?{ﬁﬂg/Of Alfdzlongated cyhndrlcal member,

between the microelectrode array assembly 260 and the cylindrical contacts 426. These helically
wound internal electrical conductors 428 reside within the material of the flexible elongated cylinder
422 between an exterior surface and an interior wall of the open ended lumen 424,

[0125] Beneficially, an elongated rigid guide member, such as a stylet, or trocar (not shown) can
be inserted into an open end 430 of the open ended lumen 424 extending along a substantial length of
the elongated flexible cylindrical member 422 to provide temporary rigidity as may be necessary
during insertion and/or removal procedures of the elongated electrical probe assembly 420. When
employed during an insertion procedure, such a stylet provides rigidity as the elongated electrical

probe assembly 420 is inserted into a neurological target site. Once inserted at the target site, the
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[0124] One or nore internal electrical conductors 428 extend fromthe

m croel ectrode array assenbly 260 to the one or nore cylindrical contacts
426 The iwDepn#lsseliectrical conductors are configured s®CZIBIOL/0G7G15
interfere with nmtepor volunme of the open ended | unen 424 or with
flexibility of the elongated cyl ndpcal menber 422 In the illustrated
enbodi nent, four such electrical conductors 428 are shown extendi ng
helically a|Qﬂgchhﬁr&ﬁﬂ@ﬁhmﬁhqﬁ&@mﬁhﬁﬂgﬂmaﬁ1&ykmﬁﬁﬁgﬂm@aﬁbﬁkUwh@kMBen t he
m croel ectr Ogsg [y 4%y re%%:?s pnF 1(}{1(3(? aq 9’16 @arget Stltp %vhq(y also p fg@m’ﬁ gu%r[:ti %gltﬂ%mﬁgtg al-gﬁges e

helically wound. ectrical ‘conductors de wi t
mat eri al of ttsrféteﬁqeékp%lr Sugl] Q?Wéﬁtyéﬁeféyqv?%%for@?nﬁé@méw BWOBK SRy or sur f ace

and an nt epomowatdt ofthe 1t)aean@tpﬁy1to@rbdﬁd plolbABsa pﬁzeéheﬁt(aitaéimcaele@fou&naw y, an
or t I‘

el ongat ed ng!lsge 2%1(? at the &euzi(gcagl ff’ltarﬁ,t] 51§e ?’he swet 8 é} dbe configur ﬂ Stga)lg[%% ele r?ﬁt\,\g? O:’:]gnabe

inserted nto an pen en e open’en
subst anti al $oemgnbpdifents,pblesst anegian efghefstyéekiniyl iachgly b n@pluaeﬂr regieiyech afPRrve gis

provi de t enpgkaeYedRfdiflkd Heilfise HBKioR ErdRERESHES ¥ AlbhdaRE clbdd&BI hdbe Rséiipdl/ Or
removal proc res of the elongated electrical probe assenbly 420 Wen

enpl oyed dur an insertion procedure, such a stylet provides pgidity as
the el ongat emléll e 6t showa lthe priadricias's e hypendbR26D sxténdsfer 4 ledthiT alaag neur ol ogi cal

target site %ﬁdlﬁaﬁ]%r tlﬁéjel %atédhﬁxxgl@Eﬁﬁ&rw%‘rﬁeﬁber%%& y clhgrﬂete(f%‘ pﬁlrr enoved from
t he proxi mal open end e remai ni ng el ongated el ectrical probe assenbly

420 remans p‘B’gPd(”F%ﬁ‘é’&“éﬁzqah@e ?%’P@@tends‘ia’ﬁ ROVIJRFoE Pt ‘i?P%%chéﬁ‘Cﬁ]ggrQé’H‘bst anti al
flexibility #aarehtol6exuidatateor darrgidh Such fI exibility offers advant ages

for patient Gopf Okﬁﬂo?e’hgtaﬁe‘ﬁsvf%&p?a %&8 é}[}% éd é%ic&cﬁ%roké)a%?e#bﬁrl% omy to

pronote prol onged acenent M croe ect e array asse 260 at the
neur ol ogi cal shewt &G 11 Euswpies disa) prds ofiepph optée @b?ﬁllf{;‘jﬂ}ﬂédﬂe&éﬂ @ée‘?‘élﬁ?la‘?“dmorsel ement
I n some enbomg,rmmeaed tatesge@AS leadwiRQohdifdPadd 34 ztaaaaﬁba/ﬂr@ﬁdema 18@&@&&@1 a

non- hnear }nsuﬂn 4§JF] of}?h ainslcrael %Egd\é%]'ra assenﬁ 26t8e PSGQSLIe sthe dlS ortlono toa E:ne
i nsertion an or renpval of 1 ohgated el ectrical’ p LS8 &NBT %20

[0126] As shwdad lumend2yhaying e isletend e lthCbzylamlsremﬁl tya Qf@@mém@ﬁd@ for a length

‘T al ong | Ole@ilthdiﬂi &&hs&%qiﬁ THe tlﬁloféﬂgﬁfe@ﬁmfarlﬁxleﬁéxﬁs Q%&hél&l& lh@@zltuéﬂ&@%%@ 422
has a di amet ric %C)r\}‘,hcts 426 at t OXI mal ,end can

provi de N R A o O 2 A Al L gt e R AL St (g
signal or datment26ehde@aRyjowAd thodstatiad #12| bdelangaw kiblg cdinddeall mepbertdbims of t he

el ongat ed eItgrggogdr}cﬁldl@ggpgesugs%@dr@;tyenf}g(pengtgovm mFIG 1B illustrates distal
ends of each of th l'i cal wound i nternal el ectncal conductors 428,

connected tod? ]rzék p‘é@f’fe\fléta‘feé é{’(’JSW‘?”é’f BT AY R et el oy cloigafi it ded on a

| ongi t udi nal asexble AR iOshodB4 FoF. 11 Q1eTheideticd @lcRdds b atitoeREtfodyarag @niotaed260 Al so
visible is t | t e g a distal
end 432 | ocaa{ajgdeqr%} gfi 15@3{ ;hégqgg%m%ogﬁggg?%ﬁgg%gé) 23%911&?2151’0?%%%? udi nal

ext ensi on 4ZFAtCTHAGS 34 foHEngpeer RoFfdaigroflesfeic desigesd4t wA dslidrorrgrpd aytagtst he
entire | engtdachah reﬁﬂaalvel:cﬁiﬁhgﬁfcﬁﬁn fluexde bl Be @bt el dmm@ar423422 When t he

Sj[ ylet is | 2@%@{ th gore dgalped fll};'lsgr gﬁl%?thgqugeem e}iymnc(ejogleéltrz 1s 11§1§téa§eﬁas 'I’ d the

di stal end I ca enporary
rigidity al oig éEthﬁsqeaHv P@I ihojudpstachoBayt qytneirlbaéﬁ@ﬁthtepézl%} ewnnl@rryembtét@nﬂ ed

illustrati onncmfde@s&teemgldhﬁa@[tmlg}f)eléct;@desim@@Ang@nsiarmlartstbearﬁysqaagéan@dﬂmpr obe

assenbly 420 is m Fl G 11C The deyjce. Includes a croel ectrode arra
260, | OZ at e despectlve d0 stances alongalongltud-lj;lal ax1s o%/ tke cylindrical substrate 262n}0r example b etmg y

measured from a distal end. In the exemplary embodiment, each annular sub-array includes four
stimulation electrodes 268 and four recording electrodes 269. Other numbers of sub-array elements
are possible, and it is not necessary that the number of stimulation electrodes 268 be equivalent to the
number of recording electrodes 269 for any given sub-array. In some embodiments, each sub-array is
identical, while in other embodiments, they differ.

[0130] In some embodiments, each stimulation electrode element 268 extends along an arc length
greater than 10° but less than 180°. Each recording electrode 269 extends along an arc length
substantially less than 90° such that the combination of stimulation electrode elements 268 and

recording electrode elements 269 are disposed about 360° of the cylindrical substrate 262 with
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adjacent to the distal tip 438 The m croel ectrode array assenbly 260

ncl udes a | ongi tudi nal extension 434 housng one or nore mcroel ectronic
devi ces MO 2arbseiiudny el ect ncal contacts, each m resp@CTiIBBOZTILMNI cati on
with one of the internally electncal conductors 428 [0129] A nore detailed
illustration of the assenbled mcroelectrode film260 is illustrated mFIG
11 D The assenbly 260 ntludes a hollow cylindrical substrate 262 The

exenpl ary emodiaspnring pRliddiasvwsinck@@nths fficena¢ienmth@rsdnRer aelllecteddes 268
arranged m a 1 i g a

| ongi t udi nal ngl;[({!aggnc? egpﬁgglgg%ﬂ% %Feta%s%%g ersgotceétg 2%52{??1 b l\é%ﬁgfrvr%{hg %%’ggntggsur ed
from a di st atenEheris rhedie ﬂ@)(@ﬁ‘ﬁlnéﬁlﬁctré%%i’aﬁé%ﬁnau gxteh O’éﬂ?ﬁul ar sub-array

i ncl udes foumm] [ mwpaﬁlbm s&b@@we@aaﬂmga&tradadleﬁwzep ek drcmgr aligedlr odes 269
ﬁ‘]gter ¢ Rgmr)lﬁ:;%o EYI%O ? suc{x as nﬂ]]la¥e€ ﬁ%aﬁlg Eia oarlﬁsehgcgg%%%a%igheé&% ?[\?3 fha cof I st{1£eee%<§sﬁx;¥
of recordng €ltectmddies el%@@fﬁé‘;ﬂl@a?ﬁ% gligcem t@%ﬁ@rdﬂ%ylewwdﬁﬁﬁeﬁaémmlm nts,
each sub-arr@y, quaris)@eair@eeaks shWM ih Ehe BpQL, B RYFer@BREE WBRESsed (itespedt fof :@Ean] 0130]
In sone errbodl each stinulation ele 1rq xtenq}s al ong

¥ t iy IgC deo% %%Eae thg ceqg t
an arc | engtH’ g‘?‘@%\ ST PALRC TEBHE o HE FERARS TETOEAEN Pt BB 8&¥Fr ode 269
ext ends al ongemaPbiar wpiceimgtly 05 Ubstanteradibgrldesls lotdralivp@Bitege b fitstresides 41 e

conbi nation gf b @EY bt IL%WI@A @1@gtﬁﬁﬂa@orpéle%m@tﬂém;@ﬁssamm&apa@m@mﬁ gfct rode
el ement s 269 are di Sposed out 360 of "E#J al substra

Wi t hsui t abl € s’ﬁa&‘??%@%?mﬁtﬂw ‘Bt ?/?/ee‘hseé%l]éﬁt t%ﬂ“&&‘}e&é@ﬁ{Ocaéfidéﬁ’é"fﬁdﬁ 268,
269 As il | ust3satnadso dxlredisd Hetgbnadpprotimadle 0I5 el 681 AnkintrecoRIt cla@péeitd as

stripes 'Ocalsc%@da%gasmmfw FsoF. e&&ﬁ&&ﬁ%ﬁn&#e&z@ﬁg @L&Qgcéntaﬁedgtez%or al axis,

wher eas, the recor ectrodes appear as snall circles, or dots [0131]
The parti cul eéren@wdsﬁ@vewaperﬁ@m?t@& &4 M&S%i éé%ﬁbéféorétp%ﬁiéﬁf% 2659 l0eaid abe

ci rcul ar, eldppptimeidl 27000 Y@OR e&lmulaGtiCleciasle SGBUAIBQS cdnfeted B €Sextetlirgnonds,
hexagons, and the |ike T Of the stripe ends of the stimul ation

h ha
el ectrode el 8nen aé)prﬁ’g@atelﬁg%%erﬁg%%o the recording el ectrode 269 nmay be

angul ar (e 0132k qgtiar ywipis a@e%@é’dalﬁzﬁe%lhlbﬂﬂnfhelswstﬁﬁezﬁ ingludieg in guseeefppteghice angl e
i s measured wb ta@mIaﬁ&@e%E c&lgctazﬁe@m Ab lee&ﬁ&ae@ﬂinﬂglcﬁl&Qﬂnda rtsda@suca' debiTieer ence
The recordin di t ct rg Cfg 3 (%cat Aa Lace p 64 at

appr oxi mat el 16“ TCREBR A FEEET ATRY8s EEte 88éa1“8f§8‘%n8‘6m% racets *®d the first
resi des at ajiprsokemti ledgiud@l ixrekfew2§éare biver wore wind Bad centace;SI?é@tIpdldéluetaewent 268

is centered égmﬁg)%pgﬁ&mquaﬁcg}l@m%tay@g&d@@prOX| mately 15 and 75 A second
stinmulation el ectro | ocated centered at 135 and al so extending

bet ween appr BQPhaQI%ﬁ“?e‘i‘GglG é‘?ﬂﬂ an BE NG P B GRS R Pidtfe 269 s
| ocat ed at apppdscirodtaghyasstBoly 260t shéwndn BIGL hilll. sshévaruleal ée tighotked BG8Boni o$thk 0cat ed

centered at sgl%§lat Szn%&%erlﬂe é?g%AW:%lef%QQElﬁébtiBﬁ%ﬁ&%Fele%neﬂtE‘%sg%ouéh%@ﬁlrt h

recordng el ect ro | oc roxi mat e our stinulation
el ectrode 268‘3an§“>1 268atadh cretitherestymagts %?ig %%f%rﬁehcwamwéqaméwha&ﬁ%w mat el y
285 and 345 eﬂe@ﬁo&ﬁ]dev@de&@nt&h%thfoﬁg}ﬂﬁhmglZ’l4|ddhrB@h 2mpt(@ﬂah1@m4)oAIshe substrate

272 includi nﬁ’us{rntedao er1 Laend rll o¥thes mat1ce 1a amareelgeh\{ fCt sxx?nrtlragt? 274 each
W th v f''the ded! catx

one melectrical ¢ a respective one“o
recordng or eéfetendeel@@@ts@é?armmb?% (@P%b’%‘ﬁe%lmwrb( fapht of the enqprdiog ?W@'O@ead

traces Al so flihsROs86 @ae&ﬂm boRRGHidalish Nila r@gf&@&iew@m@ﬁ&w@a&m@trm&ﬁmﬁgﬁr e wre

lzsg'daf g n:)?gslzﬁ4 2 79 2445]th;[oggqn £7 | lI*lor il uas";[relltl\\{ee pu?p)égénphe séhel];lz?tll'clrdlagrlélr% r1‘|110}l\'1ders§1 lead contacts

representatlve electronic device 280. For brevity, the schematic diagram includes only eight
recording and eight stimulation contacts but a full schematic diagram for all thirty-two contacts is
similar. In this electronic device may include one or more of a switch or router, a preamplifier, a
signal conditioner, a multiplexer, and a controller. The electronic device 280 is in electrical
communication with all sixteen of the electronic device contact elements 274a through 274p.
[0134] The electronic device 280 is in further communication with each of the four wire lead
contacts 276a through 276d (generally 276). In the illustrative example, the first wire lead contact
276a is used for supplying electrical power to the microelectronic device and/or one or more of the

stimulation electrode elements 268. The second wire lead contact 276b is used to provide an
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[0133] Illustrated mFIG 12 is an electront circuit schematic diagramfor
hal f of the m croel ectrode array assenbly 260 shown in FIG 1I D Shown al ong
t he ri ghtwbant/gsss2ti on of the schenmatic di agram are t hePeirghtoophorite

si xteen stimulation el ectrode el ements 268a through 268h (generally 268)
Each one of these elenents 268 is in electrical communication with a
respective el ectronic device contact 274a through 274d and 274m t hr ough
274p (gener aélécyﬁcayo)mdédoaacti THispsduh@doadct at dRAGy tnlaledereh@mrouhalaﬁbmemctrmﬂ of the
SChermtl c dl & ﬁ]le uagasagrasyss %‘(OtUI?C?Or}a &:1 aE?V eceom?ecc;tecqto eee!:tl'e()rrents 269a
t hr ough 269h°( gt genera %19 5 Y, eaCh of th ecordng e ectrode

el ements 270dgvise %ﬁoeqreewlaéatlal comiirecAthind rirgerdrorac é@peetetpv@s sl asentiobne

devi ce cont aﬁﬁnzﬂ?tl?a‘}&a}t tttru@adgchpr&mtaomﬂn&%%mtah BEEHR oot AmdaRh] delibdIB bl Ve

pur poses, the mati.c di agra s..2 representative ect evi ce
Db Borbr oy Pl Re LG arr b o e R AR S e b EEbaeDy
ei ght sti nul agnelonnteo?ittamhsbelyepd fa ccliruloll siggdhiemmthé decaoragieam 280 to aadther npdiqat y - t wo

contacts is gl Ipafourt}mltehéaa cataacz%&%pesgaw 16 8 sibBYcoldt HOBay BB Gse@for BREG O @
switch or router er, a Si %nal condi tj oper, mul ti pl exer, and

a control | erelefﬁealétte& f@bﬁ"‘?‘ébyaoet/?fd@fﬁzéél PSP TSP STt A EREB A wi t h

al | sixteen dfplaydevicel sldrragveiycor thenddite, Dosignalcbntet Bitembsbe2veddortdheconggh 274p
[0134] The eéle?é%£19t'i}htﬁaug§é{%n9§ 88 Qe th&mfal%Jl&% O&QWQb%tshx%at}% Et'é'ctr‘éé’eCh of
the four wire contacts 276a through 276d (generally 2/6) In th

il lustrative’@eapi%e, the first wire lead contact 276a is used for

suppl yi ng el @cI5y | R&@trifpOM tolFOG. 11 NI, e sGhasloe eibdtodds C6steotpuait/heve aONe Oor nore
of the sti m“ltjeﬁgnje lov&ileec tcgl(?gpedaenl e%@ea? §e8cor-51}’1]1§el§c?r§9egg69vanrerc% guregj o(flont act 276b
is used to provide anelectr car grouri cont act Found scontact “276b may
i ncl ude ear tmlagely sl elediret iardarst-ets tofatived IOQFW%CWWHNWHP%@O@@;?%@@M such as
a chassis grtﬁéiéfﬁl“e et:u Sitee taadferd&\rdcelea aafgee@rtseﬂtots@mtlﬁmelgetse@aaaalt&ogttaw ce

280, or sinmpl retur Wi r % ct 276¢
corresponds et§ftecon *3163 rel%ﬁ”ﬁnlé]i’ mtp (%PCG recordﬁ%dﬁ(’g@gs & g‘%&r eeCtéoélr? rol nputs

from an oper%ﬁtcmaleqfw@tﬂrteramloelmltactet\ﬁltee to control configuration and/or

operation of iR Bleir@pig -6 St gxﬁ&dﬁleﬁt%?%tﬂo}égnl:a{ pfdbe 206 u@gﬂbr‘éﬁn@n the
control signal %1 tact 2/76C be us for control t he

el ectroni ¢ d&VPFEE DEEIET Yo %}eurﬁlé%ifa BEPOeraY PEEPOR GH’P?%%WOF%EIP% d%%¥bnt act
276d corr espotidiscd oembes Gnahposant aotcomentivaylindacalisies ahdrightlelecettlicomgpcts

el ectri cal afph 'th\ﬂ pteﬂfmtcla?etztﬁgatl gtﬂn&bfon%ﬁt ¥ ai P LA tcpttte (%rggme{l @mﬁm e@ﬂt@eﬁ& kRge

el enents 269 to a recording or display device Alternatively or In addition,
t he signal c‘HFﬂpé%tmu?%‘ﬁmﬁ’ﬁ)?ylb‘é“ﬁﬁ’sreedlbf“‘%r directing el ectrical stimulation
si gnal s fr onpmapt fer 13peehviziad a nibev/deaediviewail én édbodiné ofofie didt@ersitof titil at 1 on

el ectrode elzngtgpglgéi(?al %r@l% 2[)9 lﬁl@hﬁﬁ? g {n{uiaﬂgt e%gt‘,lritj)de ?z%f(e%ilaf Alrlneng'lons int Q%xa?ntgien}‘” ation

el ectrodes nfigure ave a relat ow el ec
i npedance, vier EX8 pmtihigngtie egrélingm el veédt rlpdese ez@gdnafrne bolfgiymeaddebnhibve a

relatively hbr%huo‘%laﬁ&kr oA EEREURIG S nfth. T LofHe bME adneh @ hel TREHANGGer el MUl ati on

el ectrodes 268 are therefore well suited for transfer of electrical charge
transfer to 8t FEstfbreAY 1of sumeatom? Hi i e gicaretaliy rqgerding plecgody 24phas t he

relative hi gimdnGRRAARE BxafmBe 0f BOYintih 86 hEQI8S 2RBG LMY FRlned@h@sih On Of
el ectrical activi %‘é froma neurol ogical target site [0136] FIG 13A displ ays
i

an addition ecé‘i‘?‘ﬁ ment of a neurol ogi cal probe 200, incorporating
enbedded m df1B8] €lk domni cod inddy@rate o F@baghieaRR, praobees20 Osupprecmporaibese a

m croel ectr chqgroeflé.clrwe %912202@19(@33 a protective enclosure for the microelectronic circuit and connections
within. In this example the tube 229 has a length of 8 mm, an inner diameter of 1.05 mm, and an
outer diameter of 1.25 mm. It may be implemented in a rigid, or semi-rigid material such as stainless
steel, or a biocompatible polymer such as PEEK (polyetheretherketone).

[0139] The embodiment also demonstrates the outer cylindrical member 203 which is implemented
with an outer diameter of 1.27 mm, and an inner diameter of 1.05 mm. It is generally implemented in

polyurethane or silicone. Along its lumen are wrapped the lead wires 221 that electrically connect

21-



cyl mdpcal nenber 203 conposed of two concentric cylindrical tubes, and
eight electrical contacts 201 that permt electrical connection fromthe

di stal emsot2o10vdses2pr oxi mal end t hrough ei ght | ead wi r espParapmego@rcund t he
inner cylindrical nenber [0137] FIG 13B provides a nore detailed view of an
enbodi nent of the distal end of the neurol ogical probe 200 The netallic
stinul ation el ectrode 248 has dinensions in this exanple of about 1000 nm
in length, amdprﬁﬂﬁallmi di3taMexel Bftﬂlefheﬁﬁlﬂ@icaﬁﬁﬁﬁdi?ﬁéﬂdtﬁ,cylﬁlh@:aﬂ wnged2oheasur ed
alongthelon axi m2 mMmmto 2 nmln sone

enbodi nent s, ?’ﬁemg{o “hh On%téegz\?g}’y’?ﬁ]g Q(Pme%I rcunference, and can range
from2 nmto lw(rhnmﬁ@nh?@tnantplﬁ%derne@mt@ﬁg enstca 341 Gttish g plemaniedana Plans m t hi s
exanpl e of 1%Q wEhd¥odihafRtcaicediic tits s@RMNELE. afte YnicGdvRbikoRE fikvANiskhBectdirad at i on
el ectrode 248 e['0][3 e]b EQQXt%LlSti%% thatrid étg?h elglg)ed?t eslcrg}e %tlIJC?lR t tUbdele éwués t hat
serves as a SUpport sftuc R TR

protective e#d|l osure for the m croel ectronic circuit and connectl ons withm

In this exanplq tia&erhﬁg%w%ﬁeh@@ Aoula@RGLSY &fthe%lsmm aﬂhd Mgt pombes of 1
05 mm and an outer diane grrente hn a.rigid,

or seni - pgi d'® REYEF AL fe nﬁféf “?Pﬁ‘ir?ffeété"@l?{e@&‘ftgt I%Pteéﬂo At Txéensb%’i ymer
such as PEEKs éﬁ@df;omdnextamh@nfaaﬁrhe}cyhﬁlmag]formh@suewb@d@Zrmcrhtthaaihsbngiteqlmnhst rates

the outer CYtheH.QJn 26é‘£nd o e18 Qi MRER 2} SmdulRY ﬁ@@&ﬁ%@ld\% Zotﬂtaﬁ%l&kﬁhﬁlran
dianeter of 1 27 nm an | nner dianeter of IS gener

i npl enent ed ‘P‘ﬁ“%fﬁg% Pfe%eéﬁéatﬂrcy@idwa&%ﬁ@erpuom t#l%f@mﬁﬂﬁ%lw S&%ﬂtwo&pbléltf t he

| ead W res 2BRisththatmld@eht theinayle Gbnduedht e 1ﬁh11mlihlg e lcordmtivahlstalks iends of the

neur ol 001 cal . BaPSS TSNl 8T, &) Ndilucal; AETORL 800 AN AB SonapCt ed (o

t he support t orm |tt|n q odi mrent al so
denonst r at esePRFaRHng gMIPWWieetwd@alws Bée fetipi C@ﬁ‘ﬁ‘h%“é‘d’dseﬁw‘&h 9T gget g1 8%al the
ends of the mme(«;@@a@&brylr@tetsuxbﬁa@h Bﬂlﬁcfotﬂﬁr@Slgﬂ_ahLQo/ﬂ‘brﬁB&@l' aetboRe film 202 is
connected to th o the

| eads
cnbodded m cPoeTSerrenPrret L A ELERP ol SO B SRR R now 1o
FIG 13C, a ctmlrakﬂay:al Wgewemdltlmwldwlm}amcreﬂwr@ﬁe ring(® ivie uyeo Pesh stoadlatipr edyes 200 i s

provided in &Jy@@?oule@ﬁbﬂ%@hhﬁl%ta%l@? ulileClARk EOYFIOND)GnelppiB ifa Bbsed t'S 1 Nterior
The | ongi t udi nal 8(}een5| on is offset froman external surface of the

cyl rndpcal | yRF8PHEadiBst rate 202 such that the |ongitudinal extension 206
and any m crloeRpchysbowrcin HBY il Ty she 2id@oetrondt Blch deinleriwgaily Wouedhs b8atclomtrapmabl e

Wi thm an i ntgpiqr Jr@a@écf?&wcﬁmﬁt'l%m%lt%Q&%ﬁt@&eﬁﬁ@ bx‘lﬂér ealORsh, Heusi ng the
formable filmsubstrate 202 In th | Tustrative enbodi nent, the fornmable

filmsubstr aFP’éce%ozcyP?f’éTsuEliledbngﬂﬂié‘a]ceéﬁ’éﬂi’étz?wn By werlisrsd E’§°‘i°§1n\ﬂﬁiaéeﬁ’ﬁ%€f "&fund a
cylindrical rhodytec22fc depicaed Gt of hee diasyt sath reindel@frodidie@ving arhogkc@dreqpr obe

For applicatj 4 Mk . PHe o [ ircuit,
SUch 56 & ovi T o S A B el B os B B8 | on

or recor di ngsigyre g mogs/IPrERRASSRG Codusi? eecicakihess Meer oel ect rode ri ngs
t her eby sti nod4aft | N@iorcohfRG@fidhs ﬂQheanl&Hél@tr&E leetrabkanlseaatih PIG. W tibigh t he

neur ol ogi cal FI(E alr 9ks fer(rju%o f?rgt%r@lGuﬂ%n mltcroe ec];rnAeCarrroeJOS ?stllliulstra?ed gB Flggs glan]y ?elaltnr/]el Hse

Such stinul ation e se geynerator
122 (FIG 2) salnlélmapplwt@d%ﬁ@? aaouem@etrﬁl mhe¢eoelhéme¥e@mbrywmhgilment elght such

elements 302 are located at respective positions around 360° circumference of the cylinder, forming
an annular microelectrode pattern 303. In some embodiments, the angular displacement between
adjacent elements may be uniform as shown (e.g., eight elements spaced apart from each other by
45°). Alternatively or in addition, the angular displacement between at least some of the adjacent
elements 302 of the annular microelectrode pattern 303 may be non-uniform. Additional annular
patterns of elements can be positioned along the cylinder. For example, the same pattern can be
repeated at different distances along the cylinder as measured with respect to an end of the array 300.
The distance between adjacent annular patterns 303 may be uniform. Alternatively or in addition, the
distance between adjacent annular patterns 303 of the microelectrode array 300 may be non-uniform.
In the exemplary embodiment, there the array 300 includes four identical annular patterns 303

uniformly spaced apart along the central cylinder.
202



[0142] As shown m FI G 13D, the mcroelectrode filmcan be initially forned
as a flat elenent onto which a mcroelectronic circuit elenment is nounted
bef ore, owoabtoarss42it i s assenbled into two concentric CPCTABENG00TIES

| ongi t udi nal extension 206 can be configured to acconmodate one or nore

m croel ectroni c devices 210 One or nore of any such mcroel ectroni c devices
210 included thereon can be in electrical comrunication with one or nore of
t he m croel epi44pde ved e@ﬁﬂ%ﬁen%éﬁmamdhezﬂlmat hrcadighrofRitdE 303BicRddsBiglr connect i ng
conductive electric 08 [0143 confi.gu i ons. of the

m cr oel ect r o#E&FE] en3toé dléclﬁ e"mh%fw”égta délatmg%r O\{atpol‘—‘%éo % %nﬁ‘gﬁnldgdﬁﬁwgl‘tff T4 Referring
first to Fl GuighAd arqundiad2deingigimeedeligier dje B00Qelkgrodes Pstyldbeathepihaes, pgh many

relatively spRlibsefTbGyR8!, @Lfeﬁ mglglses 3020187 QMRA LSBT Al i Yikd raﬁt@sr hdie drhe
exenpl ary embodi nent such el enents 302 are [ ocated respective

positions ar Busiepessy S‘é?sl"gﬁﬁ?lﬁfoélﬁ‘éré 0% T ey PHE BF 2oop grrﬁfrﬂﬁecﬁ?fieﬁ W ar
m cr oel ect r oxbe. BﬂTeiaﬁipY& s&@s?malyﬂar@@ﬁ@n B []ib@dlbsﬁﬁdﬂt Slm ot h@era rrgwlafroxﬁhs sqahird enrent

bet veen ad; agent gl st L o.es ht el ement s
el 1 £
spaced apart T fom eact ot R croe}f&%? TR e e|°‘\)/re eurao?cugntya t%lsger? "t he

angul ar di sM@é@ﬁ%ﬁ@l%@?%@hCYéﬁﬂdet east some of the adj acent el ements 302 of
t he annul ar iy ogxll ﬁféinméemmt_rﬂe@tromthéQl?»enﬂayiumatmmmniMBms/é@lgjati onal

annul ar pattern & n b sitian Ion t he.c For
axanpl ¢, " heNEANE BUTBPIC {44 RE " IRAY St AT 0F PP ORE BIELERELE ol ong t he

cylinder as qrblaiswééllswqdht rpseyp@camgltsoneaweén@utﬁfmrtdnéeram <afyh63®1©ldélfhéltbh st ance

bet ween adj agefiarRiHYakidentRAHEEPT B3 Bt PR itfpdh oA diflRAdHabRl 300r m
addition, the distance between adjacent annul ar patterns 303 of the

ni cr oel ect r 245l O%%Hoﬁﬁ?e%ég%ﬂﬂk P ERralang e tepeth ebtherpindsty RSl nent
t here the ardidayatdQ0ipmidrorttesodt elethentsd @1dré @atbrm@ynditditdted paAtvr@pisraatBa uni f or m y

haC Sl ar e Gk Bl 5 AOSLLOLAA L LR RERIPLAMY Fo0C! o0t
di scs, each mhad¢dfgshevei Hhrdinespsions Ofdmwg%@tﬂmcrq&mtf%? e P B mdyieed and

wr apped . ar oUpgt frorh 2 2 AR ioai &ﬁar%ylmﬁlay-l;%e HiskRebacthOdes 802mcaul d be
ot her shapes, such as elllpses ygons, such as squares, trlangles

di anonds, hé%@rons and the like One or nore of the shapes and sizes of the
m cr oel ect r does] 302. Wayhrogh FIGM Iheprdsdnevagng ginbrdinghis pOetredécrroierpat Bk n 303

For exanpl e, of §1|e ﬁ%?oem%dg Q’&?sel Ill[lé?l%@lnqma% reEx%&ﬁtantnoFo’Ir%%cai a%ﬁlggtfon The

el ectronts reqwre to a el ectri cal nas to the mcroelectrode
sites, or td %&!@Pﬂ%@ﬁr}%@m&wﬁdw fofsleq ?bﬁﬁ’h“teﬁéh“éﬁ“tab%mc%{? viagh bagedmahthi n t he
centr aI cyl icrdeting[velidA) wmmreaalecttartﬂaﬂanme;ﬁﬂhﬁn%mmh thexfthet1éfeant Ay Kitids Ofthe

illustrated 1an!1:r st%l&gugeane%{] 3 VI% §e§¥non ! 111%&1%{69 ﬁ!}n%qgertc%do ea%{}l ?grr? nz{réfra erence%éfu%l gur ed

| engt hwi se, Fext endi ng a XIS ran I sposed
at respecti \PéSI%ﬁ‘ng’@éngrfé’a’s%Foééo°aM{ﬁ%t mggrQelepteodnfrey é%@c’élswedtﬂh@(}c&ﬁﬁl?f@é?s aln the

exenpl ary ernhaaboERar subsdel 311 ifdh ARk 86 liple dei-61t2 BBdtcaBlcdndubtivad sEibpB22aavi ng a
al ong the | SRR3R ARG AP Eh SN E) GRS BB M Erbel ect r ode
el enent s 31 2epsgsent eptindrigplmiigrocdhctsade plirnts 322 g ilwstagtnd edchant tha pldetrecally @iduptive
di amet er cyl slriﬂ@gﬁé 3 Irb%at@a;@ m@f%ﬁgbﬁstmc& gi?grhﬁgfé%d%?ﬁl%né’r&)éhelggds%myfoﬁﬁabl(a eg,
ST RN LN T A GO,
| ar ger They 3ghlesp metmeIld@ng'ﬁ hind qeaien t@ camar Picidgests resiiect t@nemghb@ing conductive

stripe 322 of ‘s)’.

[0147] Another embodiment of a microelectrode array 330 is illustrated in FIG. 15B. This

microelectrode array 330 also includes a number of horizontal electrically conducting stripes 332.

With respect to the stripes 322 of FIG. 15A, these stripes 332 have a narrower width w,, a closer

center to center spacing s, and are larger in number. In some embodiments it would be possible to

include electrically conducting stripes having one or more of various different widths and different

spacing. In some embodiments the eight microelectrode strips 332 are connected to eight respective

-23.



| onger [0146] FI G 15A through FI G 15J represent various enbodi nents of

m cr oel ectrode arrays Each of the mcroelectrode arrays is illustrated in a
pl anar reaepoeswisat2ion For cylindncal applications, theseCplBI@a/007715
representations woul d be fol ded about the cylindncal structure having a

| ongi tudi nal axis extending vertically with respect to the planar
representation, such that the left and right sides of the planar structure
meet al ong abcaepdds eibﬁsﬁovirﬂﬂMS&t&&ﬁtﬁ)ﬂal%&ﬂ@eﬁtﬁﬁhetﬁ@@t Iﬂ&o@aaedmefsti@waze@lrar e

ref erence anqul ar a mO to,360 i rst mcrqg ggtrode
)
array 300 | 1R PAPRR: hrlple FE AR AT bl Bl BRI 050

mcl udng mul t OpAse Hefrarivza@meallls ipdt feett Pqn@a}lslaycet‘@rfféhﬁétarg\?'ée%an"iﬁbé@mmé}n&ahr ough

322d (gener afibyer Sdeber M\le@gas fBagaaeﬁler Rr@inG¥ahde m@@hromla@nm@@andzbmﬁ&t honzont al
stripes repr%tebnt cy dnc mcroe(ie tr.ode emsnts 322. As | ustrat ed,

each of the @@ f‘?ﬁ?a ‘f &Y %Imléf’to GOl £ e SYH5S T 12BRY Ctonfogurefi Oamcrr%%ep’)téctl ve
di stance ' dl @rimpteradbis e bb poemmdisted, dér etalrreleehydsntmﬂing ﬂlepeﬁ oftrannbreclqsiredear

substrate SZﬁu@Irmgmaan@mm arqaingélyeg{ § infeRtbikot@Xd n ﬁa@bfofaéd iR e iR e
el ectncal |y conductjve stp as a respectiv w ' cent er to

center spacny W ¥ “§’é‘§5\éeéta C‘?;“B’ lﬁéfhﬁ%o@laﬂﬁas@%ﬂw&%m% Pt e %“22 of 's\
[0147] Anot heicroelsdrodh anemérgiedd baa mancion eduee (¢ ndigowh b aymnBB Oordig pdd).UuSt rated i n
FI'G 158 Thi s, q,6r ogl o@%&%@'ﬁe Al At b §9 camlcsagl@c%ed% tﬂym@fesp%m@%aont al

el ectncal |y conddcti ng respect to th (Ppes 2 of FIG
15A, these stifpBys, 3@2"%%?9@5ﬁzﬁﬁYWGQVérPlle\ﬂnﬂH?‘ﬁhWyf"‘é{b@lll%é’? Scent er to center
spacng S2, apgsopr BiGl mcngumswrﬂ?a@dselebﬂ?odsm3mmmtmﬁﬁveleianwauhd be possible

to incl Ude el ecglgcltrg aarl #\58 I;]n%lf’l es foulgho%%orlll a?anmg aVI t[%%% 9%? throu 6§g9rferaﬁﬂ nous

different wi'dths an erent spacng I'n so
m croel ect r ofé)- %?hlpgzo%lzan’aﬂaép%@ﬁﬁ&:m@di%%ﬁféﬁgmmneé@ﬁfé&ﬁwé%rﬂécaﬁé&s ( not

shown) In ye;pp@mhtéuy@%h %@ﬁ(ﬂigﬁfﬁﬁﬂe&ncetel&ﬁleﬁlﬁﬂ”&t lo8iteB BOBHOGhAQIBOS A s 332
are connect gd to four adj acent

esultin
U ripe bet ng s ae PR BREaet S Rar ool b g ge at T east
some i nst ancmeisotlertibdes 316235 ¢ba Agetond legiimprdasict thicelptrodyerichan B #iy idogied @ttler

nunber of edggs, ﬁ%ﬁ%ﬁpe@d‘nﬁ&&c&@é&r@de@leﬁéh\{@5’8% ages f@%@fﬁ{ora%ﬁnuagh&aamg@ and/ or
current distributions To t B&%I ectr ven, surface

area, can be™BYRIF Q%FF(@H“EOS“ 33?% 3@3@@”%@“ fristere q%w'i?ﬁ’%éabcé “lE8%pl i shed,
for exanpl e,35By 388dnturtipd dxénngprsdndopd sernfihetahelanparo e tepeaé st Hipuser difitder t han

a 51 Pl € 1 echangul.at,  LANAGERNL. ul) GLOARILEOAS AN NRYELS, balided shape

(e g, a"U or even a conb | east sone
enbodi ment s, “ﬁﬁ‘?”@el’(‘srféﬁ%‘ﬁ@e PRIEH BaMEPRTEE &2 ndF élcléﬁifér g e ePrpgrration S mrBhis our ce
(e g, thr ougdaeaang:@mambwbdmmpadaactm eRX Botphgpadt WO or nore of the

m cr oel ectr t 332 ..can bhe .co ed t hond pad
Thus, the ei gﬁst]ss%ﬂbo%s ﬁduclzlgnrtlo%eml%r(%en ?ro et 39?1rgﬁmﬁ%gﬁlﬁ§f ourgn%)}éﬁtglng pads
[ 0149] FI G 1B@v ip hg g¥qregteeisode fey msmbbfe%@eﬁ}‘ﬂ@déDaﬁlaW@sl@trP@? 340 ISl ustrat i ve

exanpl e, thaifa£baRIRGEIRES kdy850 la&aatiam Fldesc, et thb@adhz)@mé Rlv-idpgastcar
patterns 356a tt]rou h 35&“%dh ener a t . t3§ ‘% Each hor i zaont al 12 nulta§48aoattern
356 ntl udes %lcrf’i’?cgf KGR Mg ahen lne erent "35647° C(5(():eatC e earﬁlﬁnrsom ately 0
and a second®4bt @hs‘i&wﬁé&md@@n@ke@men@&@mcrdebd@ﬁe@babmam@%m pedtrekly 180 A

first |owinpegancs eQUh%FhQﬁJe r{gQ @ra@%@dﬁ%&&s for o2 eleSent. O &R mB&LEMER DL he t WO
hi gh-i npedance m cro ectroL$ b A second | ow i npedance

mi cr oel ect r FABEMETET S S TEo Teubia it foigeally comected, requiting only one bond

pad to transmit a signal to several elements. Additionally, there are in total sixteen microelectrode
recording elements 346. In yet another embodiment of a microelectrode array illustrated in FIG. 15E,
each annular pattern 372 includes four high-impedance microelectrode elements 376a through 376d
(generally 376) respectively located at approximately 0°, 90°, 180°, and 270°. Each of four relatively
low-impedance microelectrode elements 378a through 378d (generally 378) is located between
adjacent pairs of high-impedance microelectrode elements 376. In this embodiment the
microelectrode recording elements 376 are larger and will therefore have different electrical
recording characteristics than those demonstrated in FIG. 15D. A planar representation of the

microelectrode array illustrated in FIG. 14A is shown in FIG. 15F. The microelectrode array 360
4.



pght of high-inpedance m croel ectrode el enent 358b When forned into a
cylinder, the two highinpedance m croel ectrodes 356a, 356b oppose each

ot her, aswadaotoss4s2no | ow i npedance el ectrodes 358a, 358kpCrnBroogo@senypl ary
enbodi ment, the annular pattern 352 is repeated at three other different

di stances neasured with respect to the bottom edge of the formabl e planar
substrate 354 Ot her enbodi nents having nore or |ess annul ar patterns can be
i ncl uded Suchiciies @R HogAdh@lah @i bﬁteﬂﬂ§ edctllncihi@iig dightdieasinli@odtcedio sdseetede edges
m contract with gachf bogldl ng %t {69%%0] Anot her enbodi nent of a

mi croel ect r ofé"&F P& “’Isrg ed in FIG 15D, sinilar to that shown m
t he m croel ek@ﬁlbdléIGatﬁCayusag@ermhy V@@ of fhe Fic@elbttDddTdriay 3 i skevaeh BEt HBde array

340 is sim | ffis hiGolilGod¥iaffy00h ﬁ@lﬁ&e@ggﬁ BlbieAd, Fefkally doHdt iR hEGodidirdab (aipk9 C,
except that each of the |owinpe an%eﬁ?%roel ectrod | enent s hg g}gbeen
I 4

split into tw6 B hPEaaraE K ey sa gong i frmafihitnar syopige 39 and
348c, 348d | rHShweatsybgeditrenic®ekdedanney 336 inbliinoadebsubnelf grelotsted48 ar e

el ectricall yvehéﬁiy%ﬁgcu% BQ}o@l@&xladé)sH})@sr 386 5@%9%9&%@&&1&%&93@%9&g@&r each
el enent In sone énbodi nents, one or npbre m croel ectrode stinulation

el ements 348 EFREOF Lpgitfipd dipncetings te damablegfd sty one bond pad to
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[0155] Referring to FIG. 16A, the distal portion of a neurological probe 233, similar to that
illustrated in FIG. 4, is shown. The cutaway image is shown in FIG. 16B with part of the
microelectrode film 235 removed. In this embodiment a cylindrical member 236 contains one or
more conductive lead wires 237 along an inner lumen, or alternatively, the lead wires have been
molded in place when the cylindrical member 236 was formed. In this embodiment the extension
238 connecting the cylindrically formed outer surface of the microelectrode film 235 is wrapped
along the most distal portion of the cylindrical member 236. It remains within the inner cylindrical

volume formed by the microelectrode film 235. The distal portion is covered and sealed using end
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m croel ectrode stinmulation elements 418a, 418b, 418c However, between each
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cylindrically formed outer surface of the microelectrode film 265 is wrapped at the most distal
portion between the two tubular members. The lead wires 273 are attached to contact pads 283
thereby electrically connecting the proximal portion of the neurological probe to the distal portion.
[0158] FIG. 18A illustrates in more detail a proximal portion of the elongated probe assembly 420,
showing extension of the open ended lumen 424 to the proximal end, terminating in the open end
430. A cross sectional view of the four cylindrical contacts 426 is illustrated in FIG. 18B. As shown,
each of the elongated helically wound internal electrical conductors 428 is connected to a respective
one of the four cylindrical contacts 426. Electrical contact can be maintained through bonding,

soldering, conductive adhesives, mechanical fasteners, or any combination or suitable contact means
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neur ol ogi cal tar
9 or more ecmcalsleads 746 that can be routed through an internal lumen of a supporting structure

744 and/or formed using elongated film layers along a flexible, ribbon like supporting structure 744.
[0162] Insome embodiments, the microelectrode elements 742 can be placed into the brain
generally for recording and/or stimulation of the cortex and for deep brain stimulation and/or
recording of neurological targets including the subthalamic nucleus and the globus pallidus. The
microelectrode elements 742 can also be placed in other parts of the body, such as the retina, the
peripheral nervous system for neural recording and/or neural stimulation of such portions of an
animal anatomy. Although microelectrodes are discussed generally throughout the various
embodiments, there is no intention to limit the upper or lower size of the microelectrodes. The

devices and methods described herein are generally scalable, with a microelectrode size determined
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In general, the probe assenbly 740 is representative of an any of the probe
assenbl i es described herem The m croel ectrode probe assenbly 740 ntl udes an
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embodi ment s, SRS A RersBRIIRIOR SRS &re Aietraply fbpepied andy sepgined Vit deieEehavi ng a
di anet er of sadd@utio-Bbnpatnld dnadlopar Bclalsis-amngeitbld packagihd dieigal @nrkays wdlltkhovaeft er to
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a target brain structure, usi n.neur os |caI tech uc as
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once the . : . .
to the microelectrodes site. The signals from the pulse generator can be connected directly to the

microelectrodes, or they can be preprocessed using electronics. In some embodiments, such
preprocessing electronics are embedded within the implantable device. The preprocessing electronics
can filter certain parts of an original signal, such as a cardiac pacemaker signal, in order to select
preferred frequency components of the original signal that are at or near a peak resistance frequency
of the microelectrodes. For embodiments in which there are more microelectrodes than signals,

electronics can route the stimulation signals to preferred one or more of the microelectrodes.
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device is in position [0164] The operator can connect the probe assenbly
740 to a recorder unit configured to identify certain regions of the
neur ol ogiweal2otizosgett (e g , the bram according to the elPeEiBROHDO7ALR | Vity
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sources is well kpewly mIe%nn%&gQ Iacea §12 li‘l%p%&&%d% mae'ietctlln}aug I:o%ducp C@EPKH S

The stinul ati on source contro e si

gener at or pr&PuEiH he RO @lfjﬁréi“gﬁﬁhwal&‘é\eﬂlaﬁ@ of Bicpelsttedcanisaiel s fpue. For
exanpl e, theougt gialing@nes }&%szﬁlﬂe \m&%oﬁlﬁeﬁlpﬁ&ar%ﬁrv@%ﬁade rael? CalnedR (Qf, t}ﬁeledeS| red
out put stinulation requenc u out stinmulation signals can
have a vari ec{lmenm]@n \Ré gl@l?flons ofs&Hmlcﬁ&éleéroge[s aregospllét'ar ged bal anced puI ses,

si nusoi dal , [Qtﬁﬁhr@Gv@vea SChqmamrgﬁlg@mNév/élstalanldom@ﬁtﬂth?amb@ﬁsw@ﬁf ssuch basic wave

forns [0166]mll:reel<§:95@: ugmgmlmntlmudtngem&w mg&un@&nﬁ&w&@ode @l%éhdﬁﬁysa pul se
gener at or fO; e Si

oel ectr ite sfrom
oo o6 ooa R TR Rl IR S B G ST EoTeh s S g dh
t hey can be tpridprovessedimsss, aghef t@ecrmm@cicousdelehms@amyemmdludmﬁtussubs uch

preprocessi Ng.6L&ebdQRESs Bk %ra%?éa%gﬂﬁﬂno‘ﬁﬁ Eddb addEred JIR) RRLADL Bl Vice The
preprocessng el ectronts can er certain parts of an original signal,

such as a caf@f geepaeumaref the Fgmaitroclsrrese Glé‘F‘enfSéZ%’é eeRmpRHn ¥ild fr equency
conponent s aéspéchie cGagRa Eongabigfid bhotvhiatiro@h @ redfiectok lead@dce @otibak). Uﬂ&hﬁﬁ\@]@@ﬁ

frequency of;, Ecﬁﬁlo OSJ OQ?IJO%%F{hQQS?mf eI QAL IR 5,n h%@& &)gun £aer gl e nore

m cr oel ectrodes i gna tronts can rout atl on signals
to preferr edo’éﬂ]e B&ewﬂﬁﬁ*ﬂé obfhe fetedergrer B isdt hdelisperef fhe ’@a?(i)suil’%orta schematic

di agram of amswversbodi m@ghth @f thaitetid dé k28 5eThAyd Ghe bdnft 285 @I W of fferent,
m cr oel ect rqﬁie ti es a ncl udng an

el ongat e d pore{eb6 Erc‘?l? rﬁ aﬁl g Cl’tl ra@lo otl Tﬂe detro? ea[rra¥ 52§u Ege entergg cenE:r SI‘?E\Sa%SgadI]TDem
expansi ve prigseiqelay é%@@ﬁsﬁ%ﬁ callbﬁ ¢ qaingy ea@ﬁqw agasigfd dldyg élelenztmfa@l aget r ode

el ement s SO%SisﬁowarJaangafd st 19i0Fe 18 trb RRGInt A2 A deaXd B @EirchiRe 1edoRpgat ed portion
of the supporg corr5 f%OFﬁdl n% nunbiyr of three Iectr

cont acts 50873p¢E™ elnff’ ?tét&’ oA PRE g SRS SER ARG BPEFSEARH S BE e ct r ode
el enent of tlike Arermayvely@4injadditiont@e crommned the dubttmic@clecgsetinenes2¢ nBhattrotihe

el ectrode cqpiagh ﬁlaéaﬁertﬁaal%gm&eﬁtgmgalhé/&a%ﬁchﬁammyyte&aa@gllra%felq&lts' ead

trace 512 In_t'he exenpla enbodi nent, a % is applied to at
| east one surf ﬁ%yéjl%efmtaﬁ%meﬁrﬁﬁ&ela?‘? 398t gélﬁi‘ﬂfjb"}l"cng IIPB@]F WloEéaéfﬁ POt he

m cr oel ect r agbebire Q6ks aga, @@t ahdthee dimensional arrangements of such array elements are possible.
[0170] Beneficially, the exemplary configuration of sub-microelectrode elements may be energized
in a variety of different configurations. For example, all four sub-elements 524 may be connected to
the same recording or stimulation lead. Alternatively, one or more of the sub-elements 524 may be
coupled to the same recording or stimulation lead (e.g., anode), while one or more of the other sub-
elements of the same array 522 may be coupled to a different recording or stimulation lead (e.g.,
cathode). In some embodiments, one or more of the sub-microelectrode elements is connected to an

electrical ground.
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contacts 508, and interconnecting |lead traces 512 is inplemented as an
electrically conductng | ayer on or within the polyner |ayer 514 Al though a
| i near arweyonfossizer oel ectrode el ements is shown, ot her PERIBZIONVRITUE ar e
possi ble with nonlinear, planar, curved surface, and volunetric (i e ,

t hreedi nensional ) distributions of such mcroel ectrodes are possible [0168]
FIG2 1 is a schematic diagramof a distal portion of another enbodi nent of

an m croel ecfpfAfentshRe &Rty caardthe¥BY a@{é&s §Q4Iorm@@&m§5@&ﬂ&ﬁaﬁwszm‘s

m croel ectrode e Pé;emsnt ar%C%/Z%SZZ Eac ﬁ%e tr% le({rent arr ay 522
mel udes mul t OB S HEFSHFFEF S&1 RPrOHE REAEREL ETPR |} HEPF ﬁéef‘%e&hve
enbodi nent s, reeatis lofl. The fericechab&otraode. tel rendertwildrerayHus@Rraienbdnades f our
submi croel eCAJC&Qﬁ%@le%@@dBLy%loﬁ)g%al @Jurv@mﬁhé gam@neqh@orgiam@argq%m@ Roafd referred

to herein as a te n sone enbodj nent, each sub- mcroe ctrode
el enent s 524"9eeriydy rrat @et 9t dR %ﬂmewe%f Spberlomspt ?7\?@“@? *§E‘tdf’6‘&aé >EoeBREen not
shown) t hr oudkeas inrpes i@ the veatib elachtidorod e ndunddgicslngywn Yhe Adrieesientatphys@logicdr m

addi ti on, Ona%na%nu%ee%&](dea ﬁgh(vﬁm % muﬁg&ﬁp@&ﬁpgﬁgs SHEORMhSired IRy share a

conmon lead tra etrode array 522 is |ess than
a di amet er ofvailahle sighabpipeatsing teshisesy the dvens piemb sregudeddiogrivo eimogrof R &Updst r ode
array 522 nayib aanetn&ezzs(ahme @Bhet frocewedib Betdiinin® Felatlid 1b@ti@MRE the hdﬂe,rcgiay weg@nt rol ling
2‘31 gigﬁft ¢ reta'I[‘ Ooesgcgcl'g %ﬁoghe teet era(r)rg)EeSZQr 5(%3’6 e%zmzplagy g h&%%%%réﬂato% 15§ ;[flg%rjdui(se 1a01(1: ng of
measur ed al dh‘gtaligﬁencl@%@?ﬂ%ﬂ‘éﬁon@#@m&rqifé‘yenmf@mm whiglelafe delpeof the recelved

sub-m cr oel esegnm@@&nmea rmmhsow@agk of e L&Lﬁg&ﬂemhd s@mhg@f th&ézib@ll’emédﬂs SSOEHR be
enbodi nent s, etrode el e nts 524}1 are

oIt psos antit S A T RE Ve AT TR e MR e o
nore of the lyhlbimm@cl%b@o’ton@deused @m@mﬁseumzﬂctlufy ﬁtotvﬂei vpbtnp gﬁesuamr@ﬂla@zzn may

differ from ﬁ:gnh& 'ihe%hﬁggféa{r&ie therstli}ﬁll§1glmaecﬁ=5cfe%ulé gpzus@égtg 'sttrﬁm&rm acttvﬁ} fde
array el ements 522 may eonetry, size, and configuration al ong

the Iength otfa“%fﬁéhaéﬂeé%‘ﬂﬁtsﬁ?f V§’B’6‘E)?ﬁ’tssuﬁerrber Once again, two and three
di mensi onal [ar®p n@énﬁmlsa @fspguclviearof ane cabeimsmnt & axaafleagqﬁmbxbdsletr{x@ks?éa]xbly
Benef i ci al | ys0 106 880 e@&&ée 8&?&319&5@4 &éﬁﬁse&’ﬁt a%HQréIh CHi %Jce%éfai’y%gﬁgﬁja f%qe nts

may be energized ma varl et ferent conf i{guratl ons For exanple, all
four sub- el ehimtas igbemepglpeiprhpisbsiguee 180 Insyratedis FLG freexreaicthat dericERcledtorful at i on
| ead Al t er nadhyelys promed aradmn&t@iloﬂﬂn@mam@a\ﬂﬂyaﬂﬁlaustaﬁ%ffmay;sdaalycs@mpl ed to

t he sane recor d|n ey st | ati (s Pq@ol%) 111 B.2Ne or nore of
h 0 i d 1 ddi
t he ot her sufa)t rt i msg ‘0P he "sa e ISt ? E‘?%mﬁla be ¢ ltlonfleyél t'0°a di f f erent

recordmg or f@l@rp?ﬁﬂfraﬁl‘i @Wcﬁsé&bﬂd‘{den s aSS@@h‘Nﬁ‘@eTh‘lﬁ r?e%@?@cab*ﬁb‘@}éi iberdpt Stecteshe or
more of the ssguhs msﬁm@ﬁioﬁﬁyag% c&le@mmlgmteﬁlamm@@stsaglbett\oeeashcle&fe&tpﬁdxml
ground[Ol?l] of the, s Fts 524 f t.he

exerrpl ary te t ?t%c&e ggnd a resgeitzve oge c% (’t)hﬁ:% staf(}m r8electr?de Sel'érélg %I 5\3@9 ore etall in

THCFEat di ng
node, each dib ZéBeﬁ@mngﬁ@ﬂthﬁ gong@mhmrtm@cmMWGmwave AtsectordinfgGl28Bd Thus,

for each tet r&&iﬁna%&e%oés%z mcmﬁg ﬂa@rwe%%a co\maétl; 5446&9{c@uﬁ£wa§§@ard%t§ channei s
Accordingly, electrop I\l/SI ol ggi cal activity fromthe sane neurol ogl cal

target may H&SP‘?CEEed’P‘EI%fd ei%&”éiﬁé“ﬁﬂ@?ﬂsﬁ/g %P@ﬁ@‘ﬂboé%ﬁtsé’fe“tlﬂ%elﬁcﬁ?féﬁé% &ht sub
el enent s 524nwfpotataea tigd srochs-rgidbagking22 Dependent at | east npart upon the

relative | 00[6‘1%]0%I@fzzbh&n&ﬁé}Fn%le%gchlfeﬁlne&%ft%&stalElﬁ%f&@@f@ng%@ﬁ&{o@@éﬁ%&' ol ogi cal

activity may be record ferent tune del ays, per an di fferent
anpl i tudes UGSFRYY é‘iPa(ﬂGaB?V‘é &asg'ﬁeaqmbﬁ%%%éiﬂ figd tl%%f*ﬁﬁ?ndaﬁééd intplee Wiheef er ent

si gnal s r ecaiddasbafislomhtswe saX. Anhaivad otil@ldited, aeks: a distal portion of the elongated
supporting cylinder is formed around (e.g., injection molded) a proximal portion of the rigid tip 544.
Also apparent in the exemplary embodiment is the relative arrangement of a support substrate 558
and a polymer layer 514.
[0174] FIG. 23 1s a perspective view of a distal end of another embodiment of an elongated
microelectrode assembly having an electrode tip assembly 564 disposed at its distal end. In
particular, the electrode tip assembly 564 includes a microelectronic device 560 mounted thereon.
The microelectronic device 560 can include an application specific integrated circuit (ASIC),

standard integrated circuits, and other circuit elements, including resistors, capacitors, inductors,
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sub el ements 524 can be further processed to determne relative |ocation of
the neurological target with respect to the tetrode array 522 Sone

exenpl ar ywoeotwisgizes avail able for solvng direction to trh@iBzogei77ncl ude

t pangul ation and tine-difference-of-arpval, in which relative delay of the
recei ved signals, conbined with know edge of the arrangenent and spaci ng of
the sub-el enents 524 can be used to solve for distances and/or angles to
the target |dodss emd ttah@stdre tNodieit Bf wBddGHR feont 8 doade nﬁgs icmﬁ iah odntabiwlathind

m croel ectr Ogeec ghe e?ecusmecgi rto% srt}%CSIO Eas an? h{req the Cbt een I)rrng) ng rgmcytg Ilne Of
tlssuelrmedlafe fTont of “Lhe m-eroel ectro he Sf ' atloneectrode
woul d be use@f;V{CQ?aS‘%QnﬁH#IaQFQOfn‘@lPﬁﬁPeleamdPWefy and transfer charge to that sane

vol une of ti@sue Eﬁ;liﬂllaﬁc@gaaﬁfhals@ PRI SR Ehdo8iméht @ ﬁa‘cma&ero@eme@@li ment  of

an el ongat ed. ectrod sse croelectro
sl s 5aa Ui EsSdRt i S PR ET Ciha R Pty Sy PR B s
simlar to tdencne(320b oghedhlopgragberahbongated adif) Dipthlledess Fidtobitle devicd @ shaceéx cept

that the nm cioek&stifdfe mymé%sa r&crgaéwwéggay%m@m%&w to@asas%%ta%
protrudi ng away froma di he assenbly , rather than being

wr apped ar oufi %Wﬁepla?eg‘?’ﬁl"?%%‘ﬂfmﬁgts %W e eese idgﬂaﬁlbff’ﬁ’ﬁ%lﬂl $, av"t“ﬁ%gr e are no
m croel ect r onivanteligissue egctiomedeurchachldng th bdgs, tassemny mr4bledivdsslenpeniiol ogi cal
signals, be &Q@ély@f%ge%ttﬁeq a g'a&m%h%% s 4. $id, M 9&&9 eetaﬁfe@mdogm?ﬂfﬁm dist.ect ed

along internal wre |eads ween each proxi mal contacts 546 and
a respect i veP°BitR O PHEclEretedp IIH‘FtE?feBé]IFégtzﬂoﬁlé} %qlén’éﬁfogralﬁ’scéad’éth@\%ﬁo‘i?f nor e
detail in FIaﬁotBézBnﬂdﬂenekleﬁgmrdafecttoben;esl9dmg&tcedhﬁdam@y bini@odiythrddaelefienbd2 can

vary Al so Shﬁ%@f%ﬂﬁ“ﬁ‘ggﬁfﬁ’fﬁégr@%' ‘{exe]ts%m on 522 including four wire
a

| ead contacts eac to a end of a respective one of the
internal wi 8176k 24§ Hdge Ipnrosrewf ey ﬁ%amesemptaﬁ/@rrmgem@é@féertdrl@d@elmeptay 544

i ncor por at essoaamggandmwdu&drm dealea@a&nrag fh@aez&]a inchles 28ich midrethae nore
detailed vie of t he dl st al end of th trwe%a ated m cra ﬁg%tr%gt?ddtgg%gnbl y

540 (FI G 22A) ' 48" ERBSd st hmhar‘ns%ec RN ERE pl ace
wi th a bi ocorfpatiidyeictzndhdsgnopts. 560 Alternatively or in addition, at least a

di stal port '[@prfFI@%Aeah@ﬁ@ai@CLreiﬁiE}Q&gpthluﬂ&e&)\flaH1Qg%6nlb§offo%E%GOd%{léﬂHraﬂa (e g,
i njection nol de?dr%ga %%m Fﬁl portion of the rigid tip 544 Al so apparent in

the exenpl ary BrEsHa° the relative arrangement of a support substrate

558 and a pdPy/fierFabdostan Nictibd{ 0174] FI G 23 is a perspective view of a distal
end of anot n@fmermgla;g%wera%chaeuegloqmg agmmo%gbggﬁkea fgp%%t A% %€ MRbiYeq hav't ng an

el ectrode tip asse di sposed parti cul ar
el ectrode tifsehpasdaw %{FCS‘B% chaperitiess Tlae fRhricstigr Pratedy e ie cerigesf P@éedsreldtem nt ed
thereon The whichva@heiersoR dpdiedoC@mb6H(cqa Bclielnb biRveadfinalfiii Eadnpary speci fic

nt egr at ed C|S£_C]qjg{(§ gd%%(@aist rsgragsglrlbddmr%grat ed circuits, and other circuit
rng r

el enents, inc esl st capaC| ors, nductors, dlodes and transistors
Note that tH®!8Q) r%@-ﬂ@-@%&@é@ﬁﬂ%ﬁxm ngs come into contact with the

el ectronics [Ti3g aheﬁisfgwﬂiﬂﬁﬁtrawdmssz%%aﬁiegsﬂ@slu&e asmds ﬁj)ﬁ&@tsu(ﬁllaﬁm'ﬂﬁt ween one
or nore rennte evi ces asgcdlas or croel ectrode sites
d

[0175] FIG fam;i)o ofa créstzﬁlhne ma'ﬁrlal on or El)noa}_rrfolrpo%uso teru?~I Sug ﬁﬁ%a?sﬁélh t of a
m croel ectr @d@c’{lqrp ths@el ﬁhnqklr@dtam@mmllmalassapmla«fmdfy agdilghi¢ undercredehéoteode

el ements 58%vRRge! drRae: s@ﬂfa%@)ﬁm@bfth m&)m@ln@c&ia! oldﬁrsm}@%@% Cf'éﬁ?.g di RaBbbanged

along a central elongated ax evi ce are spaced
9 sub-layers is applied toasu ace OHIG wa?'erG ne of the sub layers 652 18 a sacrificial layer P

deposited on the wafer 650, which will be removed in a subsequent electrochemical etch step.
Preferably, the sacrificial sub-layer is preceded by another sub-layer, referred to as an underlayer, that
will serve to form the electrochemical cell required to etch the sacrificial layer. In the preferred
embodiment, the sacrificial sub-layer is Aluminum, or an alloy of Aluminum such as AlSi, which has
a smaller granularity, whereas the underlayer is a TiW alloy, Chrome, or similar metal. The
sacrificial layer is represented as a black line 652 in the image below, the carrier wafer 650 is shown
in gray. Each of the images illustrated in this series represents a cross section of an exemplary

embodiment, and are used herein to describe the procedural steps.
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apart fromeither side the proxi mal nost mcroel ectrode array el enent and
taper towards a distal tip as shown Placenent of the elenents apart from
t he devi cwoedyassem be beneficial in avoi ding unwant ed PCTIBE09/6ECIS ON
occurring along the edge, the nore distal mcroelectrode el enents are
relatively closer to their adjacent edges 584 FIG 25 is a nore detailed

m crograph of the distal portion of the mcroelectrode tip illustrated in

FI G 24 F: G 2@1? ﬁlsml@énaga@ahs m@ saanﬁiias&y@lr 65{2015E<idﬂi’dn @ffaoamh@aéctr&mﬁem ment of
a nmcroe ectroet 590 near rra ctr e. el ements
594 is arranged a f&%é 3 dggfvéc egﬁlmh 554G rhgéauﬂséz\?ﬁ%tge 8%’7%]‘ IhT‘—dI G 27
is a m crogré&phe d‘farralyxtb@pﬁamﬁelw 1@@ Camadéxemm amgnogpughnseiorbnsuriafe ﬂ@tmdbﬁct ive

el ements 60 1pr@clls@19901ﬁ'glle@ qh@@tllmﬂtby b sélectidn®t PRkt Un@FIByA M HoRMkark bl A(ﬂﬁxﬂﬁu?xﬁ

i ncl udes a t‘)rlagk aal %rg)ﬁ ectrode 601 and trac 603 ar.chi tﬁctu m whi ch a
respective t PHIE o B BRI g [N & 673 " e S T B TR R AN 5% OriEs-
m cr oel ect r oties gdieni@mtogidpsQUrsT praiky @rf‘é’caAAanldmﬁic@y%ﬁu@ﬁelemﬁydpmgreaphr therages of

a distal portian.ofs.ot {I‘ﬁﬁg é Hve ey el RREGEE RdGak bRs B Lpen621
[01781 Fabrlécranlgfkon fﬁ}btﬂg ds gd] erce bf;clreC ge\fer al techni quess t(g)’peachl eve

t he m crof ab‘ii’f?éf‘eeﬁﬂa“&yosﬁ%‘gﬁélﬁ*’tyeraﬁbbsf%‘é‘ﬂ?’ éd‘ij’fa} By irdendid Qg heiiyter B8Ry i cal
char act er i stsdutfge, Bhiepdiyaleric Bg@t, ir0whighrtigcieshdited ne@l sarv&eas the seutdfredordigeddiniilatonst eps

|, whi o varf g4k BXIchArS A5AASL LSOOl RN, (8, SougSlanedlha achi eve

a final form ary seguence o roc e ural steps 1s descri
[0180] Step liyerrﬁémé%?rrﬁ@ml%?déﬁur%%d aeEte of the mgfpl f%y’eihe POTSL} laygrca bEi r st step
il lustrated gonkd iGo 284 traﬁes&ﬁd’fﬂ@fth&ﬁibﬁbﬂh&ft eenﬁe‘éﬁ)micﬁ)ena&t@udsdﬁﬂmcs;umras a waf er

COprOSGd of aﬁulé)y SlIhalrocess 18 escn b%low asa aCkfl% rrucroeilecg% q{ue% Suc an1 regsléllsn
mat erial, suc I n artlcular ock resistan

bor osi | i cat eerghiasty Oteomvblﬁ@iyaﬂat Yrfepg.did catyhlesutfrvd eea ofitfe nisrabladr welkeveRYREX(r) , or

f’t her sui taba,lgecltfvmgtda az%hlf%lﬂﬁztt hﬁé@suﬂi@ﬁd@cﬂl%l the%eﬁmétébfdh@a@ﬁen@@zne@gmr hsi ng at
east two su

er oasurfaceo 0 One,of the
SonS ayers damrl Sl e R R i ol p B b B e T g Ot Sr MeH S ch i 1 |
be renoved idrmants libis eqgepnt itgbot in Gethiehdilgets rebdhe.stlepndreder apldne t he

sacnfi ci al Sﬁt!l@ht% ANEless oS RF &R & DY 0 RARLD G e BLHR; J«}ﬁé’ﬁémtalﬁﬁé PBE bad b as an
underl ayer, that wll serve to formthe el ectrochem cal Il required to

etch the s adjt‘ﬁ“ie??f Gt EPARPEFS high l?cﬂézatﬁ’l"éf 85 gl asip di“‘%‘fff“cal{yﬁ%n%‘é’eﬁ firigseal
sub-l ayer i sofAl aemplaipmicorcleandadldneyt thf fofdnedns iflunrnisdia he 8sagMbIFIG. 30hi ch has a

smal | er granpisant Y., MBEL8 I derlayer is a Tiwalloy, Chrone, or
simlar matgfjli Tge tesa(':n i°crar ailer I'sS represented as a black Iine 652 mthe

i mage bel ow, 0184k Reiiineds Fi{iator hompt st nsthofliiicsHon prasessEadudessierasikies 4 firtiges
illustrated ;ﬂ]yfnbﬁcﬂa}&ﬁfﬁh eSonﬁe&ﬁEs&&erEHd% A 2 €dsAFerSeL U The ArsQiolyaBricXRNg3k adny
enmbodi nent , 6 esrﬁlnbe the roced raI st.e w][0%1826] I n

some enbodi r?gﬁ%pw e?ﬁ’ sgfq’:arc?écila?laﬁﬁr ayer aé@’édone anﬁ(sjult? g on to o aci it at | ng
el ect r ocheniskidi¢d ip Bpey ol MIGHS mrh@SSﬁlgmys(ﬁépin eretneadiquif golynesr prequzsbi shies a

gran “} arit Iy Pog,rml@ar@mh&iné §re$u%01t h@ d§¥ifi3 6 GolQherih@ef EBhe Q6 oH@YIsGRn Nagrel y, the
sacrificia

(a ro or_ pano-royghness t 6t e surface that can
be preci sel 91 Flrpﬁlﬁlléedg At f)éaéf’érfat“i’%a pBB'F‘Fr B #ﬁgmgﬁf g?:% 8&' Bfo% suitabl e
under | ayer Ié@boc@xcalmb@r;oly/ﬁdetﬂmenmlmﬂedoer tdiggospdadrizy DC Sputtering with a
gramsize r 36350 }{e'f&mgﬁeﬂ [ FRE, Zb@ %1 i@, 2§Q,0an Bmogeﬁ st%&udes etching of first

polymeric layer 654, as may be beneficial when preparing a device having one or more backside

electrodes, that will ultimately be located along an underside of the finished device. In this optional

step, the first polymeric layer 654 is locally etched in order to form open areas 652, where metals for

such backside microelectrodes may be later deposited. This step is optional, and unnecessary when

there is no need for any such backside electrodes on the finished device — all microelectrode contacts

being formed on a front surface of the finished device. This step is also advantageous, because the

backside electrode metal layer, when included, will also benefit from the higher effective surface area

that can be gained from the sacrificial layer’s granularity.
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This gram size provides a first grainy surface A polyneric |ayer is
subsequent |y deposited over the grany sacrificial |layer This polyneric

| ayer carwbeologssd2ily etched in order to create vias thaPCogBmOni701x he
grany sacrificial l|ayer Subsequently, a nmetal l|layer is deposited over the
resulting gramy surface, and polyneric layer, in which the deposited netal
serves as the neuro-recordng /stinulation mcroel ectrode elenent, and wire
trace The ar pasef Thdchixgtalbe behﬂfmeﬁaiz depositing omﬁshaesald'naheif{ﬂstbchjanqaelaydmm c |layer
forms the m groel ectrode area . of . t he

pol ymeric Ia@erg%ean b?gl mutgdfgloﬁ g%mﬁréxéerssn}gftg%%as*anofa?be %Ot %r??%maeﬁgonnect
between ni cr gréingsle P@H@@leaﬁﬂw@éﬂﬁﬁmﬁaﬁéﬂ 68fr is i ceefpd qnip tﬂﬁtﬁelyee@desrsﬁﬂ sAdescpbed

bel ow as a Qa&meeogmg%eeﬁaeeapm ofthDMen Ia%rsmbuamgmrk%@a&ehols&reasm -
rea of the

granul arity ov.er | at sur overa
Teral tayer W nEaGERE Rt hvR T PRt IR A i REE <
subt ended bythétivell péptlvnletr@rovwnlntmnehsemmas @é thef wagd @bdsgd to UNdightn€neased

surface areagl.asd k&engrpr@eesgwca@%péam&a@gn&%ryee%aaﬁ} eh%fe{cmﬁg’ﬂeprsr@%d@@ce of
the el ectrode el ene hi s_concept egpg‘rtant mihat it faC|I|tates

recording, affd% %urﬁef&%‘ééézer‘n B B*P‘a?ﬂﬁ“ BRVISH Sk 1 w¥en RBTBILRTY due to
t he reduct i othe erposapedién obthe putyintese lager 67ailin ang) ntatkes 56 mnalS atcmodid &aymdt er t hat
guar ant ees hgaab ot 26 dcZRLAR: @hn&(é}%aﬁ &%a@ee@,&\{ar&ay e @Jgf;fetewr&@dvédv

conducting surface of an exenp é m croel ectrode el enment thus fornmed is
i | lustrated WHUPRED] th?ﬁlg@@%fﬁ?ﬁﬁedg h ek 8% Adprmpively Efe‘béf?ftwé‘ﬁets’f* mpsk 6t

Pol yneri c Layseslsd ©218g¢mdned &)rarnblﬁlﬂlotcﬂefﬁhtﬁ 128Bsuch bsSilivexDiositi@pdiitddbe DC
fabrication

omet | mes 1 g PRSI ARRRRNL I oDl R IR BB B i o
can be depos‘?lltt@dof&fp6ﬁeft€ﬁ@n%té%?qlmeé? Yer poythg SIE@QDTPPﬁdSmeSéﬁan@e Om@ﬁaély by any

sui t abl e nealsokmown to those skilled mthe art of I\/EI\/B processrrg by (I)
spin coatlng i gL precu e or | i cone
precur sor, 71 dg%o%DgﬁrﬁX%% the SHE aﬁ?rﬁhregx gir 3?11§el°mn Ogél?é L) aly"depom tion as is
done with panelw\eﬁeésctﬂusmted(wp)’ﬂolnafrﬂlmtrlfngl layep@k ysrmew emqeétlneﬁﬁb cohbdiminkse waf er
650 In sone gnhgdicNRMas 655 BB bD QbR lglramed@ééagﬁtam@iveg or baked, to

pol ymeri ze [9#35] Ref rring n Xt to IG%QC and FI G 29D, an optlonal step
mcl udes et chi , as may be beneficial when
preparing a A9l cEucliepoptjoror ghe Biyermpraio bawids thtecled @ madtes), at shatn i lG.
uttimtely becl Gk e AiAGA%UMENTLHE. @Iotoﬁliﬂsgripmallsy*aeﬁmﬂm Gk Lhis

opt i onal step, t he first yneric |ayer I"ocal m order to
f orm open ar'®455%452n elifisp ‘i?%"(“&‘}vé(efgorme?l&éaﬁerlé%l@lﬂéfébﬁiie@?séejl(e&‘tﬂfed'&fé?d may be
| at er deposideeick. ThisSurdiagied arsas 6§t GHiet it is ARGbLNNRCESSRE ticalh edhdichiRy 18l S NO

need for anyé?6 %%Qedb;ﬁ‘g!ﬁa%h grﬁh r% ?8&0 s %§tor%§st %ngs% 65(‘) nslu ga@thggvcgrt(;%l of %hcal ! i shed

m cr oel ectr ode cont act or nme ront ace
device This C@Pcé&dleééc%‘?%bw&é}va‘fﬁ@@feﬁ%§and%fb’@<éb!§et°fméolwa?f‘r%éqy%iéyemé’ét rode netal
| ayer, when unﬁh@dkema,aswﬂhts t@hib@e RRORG: ks £ b hea hﬁgﬁﬂeschﬁIlJeemﬁa ve surface

:‘[ gﬁl L g aE: aﬁ ap[l;lotlgrgm rk%_g% aa\écq trlc%qg/rclcgdluccilvg'}a%er E%g{hereont oy g u dis 1sasgs)1%fe[d%s[61q1§ r8TI631 I Ih €

| ayer 654 uSthamgxe oY temelsmablbtplsﬁﬁed bt bribcisr ftoie fartubaly vhinkspdoweas @B tegthe t he mask

656 can be phef A Be- ox @9Bﬂtﬁ@dhbtyregﬁf586ﬂ§(31sd:@&o@& @ﬁﬂéln@val &fﬂ{é hRdsensiski ve
e po ess of exposng

an Unmmsked Bor PRBIOGF: PHETHENHIF Aaro BT BT ghe retUSba P e ose
areas i n whilglr $Shenrpperfat smochddsessk @6t enove t he pol yner | ayer 654 The
device is dqyﬁl}]oplﬁgn MefhaRR Im\éﬁm, referring now to FIG. 29H, a metal layer 692 can be deposited

onto the entire surface of a wafer 650. As illustrated, the metal layer 692” is provided on top of the

polymeric layer 654, which is provided on top of the sacrificial layer 652. A masking layer 686 is

provided over that por;ion of the metal layer 692" to remain. Exposed regions of the metal layer

692" can then be removed locally by a photolithographic step such as demonstrated below.

[0191] Referring next to FIG. 29E, an electrically conductive layer that serves as the electrode 680

and one or more electrically conductive traces 682 is next deposited. Such an electrically conductive

layer can include a metal layer deposited by any suitable thin-film process, such as DC sputtering, RF
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that will selectively renove only the unmasked areas 657 that were exposed
to W light This selective etching process locally opens areas of the

pol ymer i cwbaywoséB®4, by etching, exposing in this instarce/IBey/mrder | ayer
652 I n sone enbodi nents the device is etched m oxygen plasnma to renove the
exposed portion of the polyneric |ayer 657 The etch mask 656 may al so be
renoved by the sanme etching process, but if it is thicker than the pol yner
| ayer it maySpadrinher oapypdtied tedhquﬁeenmeeﬁltal depasBddribthedecmicillyeorfdigive Bger 68, a
defined etch r t. - 56 can
al so be inpl %%e%%efeg;ugnﬁﬂ é&ﬁ%%%%m ? latéie?' na U?QQF lllla%n O%Jt}c &S&P {%;ﬁ%}o% Di oxi de
deposi t ed by?lPCiogpitetaeseptpie %@c%vharaet@ﬁma(wh 8@@3/ aﬁérﬁHSF?agnctrﬁf*éhﬁ@mitS@sfrné@l st
deposi t ed an[dlsph'lOInQ|pk&éﬂl@@61ﬁHahlh16ﬁkﬂe)ﬁledﬂﬁyeﬂ@d aamlsuq;[am@aﬁ wmt anAﬁﬁeasn ®bmdibng t he
Fgll)égfr IFf Gl g’%%g rﬂdc w1tc]}ethe§plol gr. 8r\/[gix§éx gt mum %es ut eéeéié) o the %%deoerr?\r/]ed

pol ymer | aye¢54@5a7l Hmpqr@hwe@iﬂmw 3dhesion, rfdtOéfdf} byal Pﬁ?@rﬂtﬁl loysr @Posntmn gacrificial
l'ayer 652 i Smiax%/e\!dl@% PSS Sleg, MhaSPHHRaIS TG IB R Smaytile: h@fa@;rogtre@&itosttm }miﬁkm 656 cab

be subsequentl ved usi a_suitabl t. [0188 3 ition
ond det i 1B B SRt PRLTR BTBUT A T bRETETON G R Py SRR al S0
be made thr oﬁqgahlhamg the plgtinumestke BRONiIdam eghovile afitFhGh B@inhm it thy metd ige that
phot or esi st pR$k,.£86' woul d be photollthographlcally defined on the pol ynmer
| ayer 654 An electrlcally conductiv al) layer 692' can _then be
deposi t ed ovi@13t nker ﬁ’ﬁ‘éﬂ%’&ntﬂ@%p&c@“e?ﬁﬁf?‘deﬁ%’ﬁ‘&?%ﬁ deserhed abé’%e?m Hepi @RGt s
desi rabl e t 9canmengaRIGR RV ther adldcyticaiyradedtivaigyet e8pedill EIfcdhactwittl thear € open

Wi th respect sagr%c&lh%eﬁo&gqnocﬁ §§él<§{[of %P&ks@cé@igctroﬁyffé {dﬂ%;é:tai gosﬁiop gg}fnlq%.'llsqo}c the

deposited el ectri cal conducti ve [ayer irectly ont
pol yneric | asfilé?tedGS?Ps‘ﬁﬁ thatiera ihirRi K &erveer & mEBIO TP o the pelypirig lfeero&h ddMist | mes
referred t o @&alantht exfpt)se@ﬁofmonroetﬁmatrqa,dﬁl 1I>Iae65phutlm asb s>t enmsgthﬁﬁaal 68ist h any

electrically condyct ereo i s, then dissal ve uch that
Med:
t he onl y re colnnI nHy QTJ %xég-xatt epor?/mtelh ayer{g4 1snrotto bteme aye 683 can sked

areas Note tth@aztbePw@hﬁezrmhwﬁlb@ﬂeﬁne@®ZXPIWd@weo"ﬁnqtqhen W@@ﬁ@éuﬁ%@m@%gam s al so
renoved by r;eermmﬁnb@ﬁlseahﬂe@mu@h@ﬁi 8fers B kKi1c® By aBEAGEsEhaLk | Phe phdi@tsispor ti on
of the el ectrilgall on uc%)m%]i y er 690 in contact with the polyneric |ayer
654 renai ns af %arntre% vat cof' ts‘?‘}v ?Task 686' [0190] In an alternative nethod,
referring noll94p Bleg:ZRbisitign ofe pye692" can be deposited onto the

entire surf ggfspf Réi*er%ﬁ%fn@{t 1128, 2@§fof d llal:léidé éléc?rgde ellnbﬁhdﬁl Ak FﬂGaYﬁ{' 282d 1S
provided on top of aolyneric | ayer whi ch provid on top of the

sacrificial ROHPER° 16‘%’2672\ %WF&?@W? &%‘f@f‘ 5‘8%“ ECF‘%“Glb‘?’ B‘W 'f‘.féiay ?)f\}@rt“{‘lﬂ‘a’tes portion of
the netal | aigeribdd@Dve tvioh k@A FIEXPBSEE stcegi BedS lajehe2 82 aldedosiydontB2" can
then be remyg Fﬂlgﬁcﬁyrﬁe}‘w B¥er§54pgbqt 2k la:IgQQ ge%%g aP1a>fe“ Caci%‘g'cﬁ s% ARORASLS at ed

bel ow [ 0191] efring next (%/ conductive fayer
that serves t%ﬁsﬁrft ﬁ%lyré?r’é&wréa‘é 6@“8‘@11 %ﬂrﬂﬂw@ﬁ%@ ipprdgiiyipereapeds etiegaal'e e ¥etduct i ve
traces 682 ipmlymexdlaydeqyosiot. embr &uﬁjsle aﬁbh@}oe@hﬁg' o@xall)d aycoG@l‘bddtﬂO.ﬁIbt\gﬁ sirAyer can

ncl ude a net aIgi | a%e{r(i dm;Bﬁ ltera%mus é%pgxggelﬂé} ss. .such as

as % esecond ms tlvéJ f O% erig layer .
DC sputtepng, u I ng, oOr evapor n ni ques map ayfn eposi ted

in the el ect&#¢& llscg}f}t@dmlietmai/@}wsay@p feed), onééi'z{eptéaygus é’ft@fe%'?t)‘P ptresttion dm

i ndium pl atsmdmnma@hnbma ak b&lymeric BTt A% SBjecttd b ABdMProcdds, stehtal bambUM al | oy

to ensure agﬁﬁgﬁ I)es SefeC“' al characteristics (such as charge transfer)
S|

and mechanc iy tion of polymeric lavers
[0197] Referrmg next to FIG. 291 through FIG. 29K, to define the one or more polymer layers 654,

691 and therefore the device itself, an etch mask 695 is deposited to an external surface of the device.
This etch mask 695 may consist of a photodefinable resist but preferably it will be a hard etch mask
such as silicon dioxide or amorphous silicon which can withstand the etch of the polymeric layer
without significant degradation.

[0198] The wafer 650 at this point also has a hard mask 693 deposited, for example, by DC or RF
sputtering. A photodefinable 695 resist is deposited on the hard mask 693 and the areas of the
polymer 654, 691 that are to be etched are defined.
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[0192] In a preferred enbodi nent the netal |ayer 680, 682 is deposited with
an adhesion pronotion layer in contact with the pol ynmer For exanpl e,
titani umwenotwssfruttered onto the polyi mde | ayer 654 mcanBoop/ve7ais parti al
step to inprove adhesion, followed by a platinumlayer deposited m an
internedi ate partial step, and optionally, a titanum|ayer may them be
deposited onto the platinumlayer ma subsequent partial step This creates
a Ti-Pt-Ti sa)mszh]vi m hadtifheE1e698 R@heh ktin kwitia alﬁferéle§4acﬂjaﬁiwbikebefu@erd taddralicd ng t he
platmumto th AN eith i de of and t he at i.nu he
recal | ayer TREEL T oHe oAt T v ok B e el DR S8l s e
el ectrodes, %@gb@@%wmaa%w W&%P@H@ﬁ@@eﬁ%ﬂmaﬁam@% ﬁ‘rsbﬂ:@hTF]SG’GZQE t hen
the el ectri Cathnbiyin€ SUMEHAC b1itheBrari AU shEBGn WG| 2oKR Ik RheGRIBE AL e 3WiEd) b fBning
sacrifici al gae%lcesedzesrgsg he regi on of the backside el ectrode 680 The net al
deposi tion tec e Sel ected to ensure that there is contact between
t he et al on[O@QS'ﬂ) "@Iie rerheniproyinesrof the haadyeask 5 4an erpdticnhiey reretved in @ rbteieeniexposed
portion of tn@ sﬁ&gomfolf@ﬁsa chlhgé‘ﬁf&ress@bsg (] MtSe hSmARBI:LBYe sﬁ&sm gk hhRyipet al 680
654.is_not too thick

is confornmall Si t hat _t ol yneric | aye
The netal |a gg‘“)dtﬁ ﬂ?féﬁnt?)céar’f?ﬁg’fgf“'ﬁtrgrﬁﬁﬁf‘éﬁ *i“&%‘n%’ﬁ} ALPIVRES ds expl ai ned
above An et cd;xempiaraﬁpklaémyoelsmmﬁb dsiccGhihow n@1@ALD.ph aswyasctioari apgieused to

renove the W&Eﬁglary%%éﬂ%@]@(%oﬁﬁe&wb@mo%lﬂﬁﬁ gsesi st mask The phot or esi st
mask can then_be renoved in_a solvent [0194] Ste position of 2nd

pol yneri c | af&NI [ B ihgsptiomat makjng hapksidsetecttodesps ‘é‘eQQfE’P& eadeB%Fd’f%%P"d% el ectrode
enbodi nent amdroFibdBod9 H,its aura@asedefuobd/foat thesubstryer SolY 2devioid stosm haI@2Mt ed

using a suit t n descri bed above
with respectﬁ?gﬁlf%Gc%g@%#ggorggg%ﬁ p ens‘g&?mclp a%%r? 8%86%82 i s deposited
onto the und@ 2y pigpp&PiopelBopdineod Blectipriass 664, and any exposed netal |ayer
658, 668 In [smp Hmaeeuldmn& &mtegﬂﬁedfwlﬂlstectmﬂcymu@nb\am@m Qéﬂ,thea&ﬂacc;aﬂk be

pr ocessed m er, to r.eas Its es| nmeric | ayer
672, 692 FOI‘&% can be rlsed at this meto 6:8nenectgo an elecgrl%fmrcult de v1<:eI 6?2 ﬁ‘g)ag(taﬂ%ﬁe La}n h surface

r oughemmg orln@tretpd Eigghit dmt @ aanibe monawg toghe congegpedi0 fﬂl%s?rﬁlé) bY Hlep- @aﬂdfmﬁdlg the

i nsul ative, éB 6pfoloyme¢l& 66 AYGhg L8uctR ok SidledlyES Th@ip@bEGh REMe ArfiRCEeS, When
f ormed on dlf %& rs with respect to each ot herlg%ln sone enbodi nent s,

the pol ynerit® P%YP i‘é?ﬁd‘ﬁ%s%ﬁﬁaé&lfoéﬂm B EREFPE FF ég%mecg‘i}é%t &s baki ng
[0196] Step c@wwﬁlnltl on of polyneric layers [0197] Referring next to FIG

291 through [Ei(}% 29K, 7. kgn%foufﬁglgepgonp@gngwa@pre pol ymer | ayers 654, 691 and
therefore the device i1tself, an etch mask 695 is de osited to an external

surface of tIA&SHet iR syt de SbEttioRRSHees §3uTEArd ST T Brrenpvp e fiieftabl e
resi st but puefaesBIEMS deticenirdrh thbendarlirgrdfeet oh ThsdifisiblGdyeras? @igl, FromIglisoxi de

or amor phous le?fr(lcheq‘lg& %&h%@a&a@ nRé% 8?%%?@%& Efﬂgl 1?};69& é %mtupﬁr tﬁg &EMIQP gé 1 Cfreesa yer

wi t hout significant egrada i on Is pont’ also has
a hard mask B93IgEses e dyice PO riroandaiyfca 650 Jhipende aqpmndiphet biopitséie A wafer
phot odef mabliga ﬁl%e Ha@SiitE b high Nd@pasEdethnOA ptahl&nﬂ’bﬂ?d’ctﬂodgﬁﬁife Ha83aadseti ey ar eas of

the pol yner hat etc 019 ard mask
693 is then eé ?fe Vd{aﬁe 2 ap@ll%ftoetr%ee%l1 mmum pi’eﬁw"%hres i LEeep(uummﬂe%c(t)meetc t he

pol ymeri ¢ | ejeetrocBBusal @B greatéddyy ﬂ@)éémpm@ @EZi V) btetshthe Nowintoh endshiectgrcontippe
p0| yneric | R 2 2bvice® e devices fall into the bath and are removed.

[0206] FIG. 30 is a micrograph of an embodiment of a backside microelectrode element 700. The

image is taken at the process step shown in FIG. 29E. The granularity 702 of the aluminum
sacrificial layer surface 704 is used to increase the effective surface area of a metal electrode in a
subsequent step. Also shown is a portion of an interconnecting lead 706 in electrical communication
with the microelectrode element 700.

[0207] FIG. 31A is a planar view of a construction element of an embodiment of a microelectrode
tip. The construction element includes a stencil frame tree 640 including eight rigid backing
members 642 releasably attached to a supporting construction frame 644. Each of the rigid backing
members 642 includes an elongated portion, and an proximal portion having an opening 646 to

accommodate one or more electronic devices, when fabricated. The stencil frame tree 640 can be
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can be etched with a gas, such as oxygen plasma, to the sacrificial |ayer
652, as shown Thus, the remaining portions of the hard nask shown in FIG
29K def i reotzhw/msz42¢nt of the device, by defining the deeCtaBmogodyess 659

[ 0200] The renmining portions of the hard nask 693 can be optionally
renoved m a subsequent step The goal of this etching process is to (i)
define the mcroel ectrode sites, (n) define the device shape, and (ui)
define the cpipeaeiteddh £a5id hekriag bRE haQRBIhSS ME il Qbfoatd d@BtuchontiapesteW of an
exenpl ary flgll qegltorgl e‘(Plceelsec g(%%%r9§V| ce is showmmn mFIG 3ID A cross-section
of anot her exe M croel ectrode device is shown m Fl G 32A
[0201] |If th@zQﬁ)t F](§1n3](9‘ﬂhFﬁméﬁ"Sﬁge’ﬁh’é@@ﬁ}@@at@lv@@t‘)f oypegrustion plgk@holizp step 2, the
device will Q@o\éeimeatefmllc@a&cﬁ@mﬁaﬁtp iTheSsteB4N fad6 @ecOM0 8 plaQALY £ehrihde0m t he
substrate Such.a devi [ n Fl G 24 %d FIL.G 25 Exe merl a{ox front side

is
el ectrodes af&EH Wncﬁhg?‘ﬁg’mﬂje%a%%evg?s SR S BB 0% g I Onal Bondny
of El ect r ontgit§b2:08]ed ivfth thhmictheapac devics 6t Ooflte Cnmﬁre\g&aﬁﬁchnﬁb@ﬂedéheem Qoni cs,

referring nowgig elfelc&%n%%megbﬁb@QlﬂmcglacaiadisheQ&Qm&@&l&@elméeader@; belfdM e POI Nt tO

connect to an electrical circuit device 7 For exanple, an Integrated
Gircuit chi pBe7 s irend Odonnet odbf PEeriRE" %@nt acts 690 (FI G 29K) by
flip-chip bopzyy Flee3idhs pschatid Gevt dfe padan of the 6Gductirmichgen ilvgngdotilv.e epoxy

mterlayer The Chjf.f94 cﬁéerapBP&&SQ&M&M&{@H@%%Qﬁgnpbdyy &REAGRImbONdi ng,

such as an epoxy to ensure a strong and reliable connéection to the device
661 [0204] SfoéﬁlevdeméW§|fabafatq§éwgcae§a%1%? nFleHPIF BPCoaf er [0205] A final step
of the fabnc@riopnriot DIOAS Ssch@natid VicissMadtetlpdifior bGh2OMirudton élenamvittustrived IdeVi ce

661, such aspa %N%&cegt&j:cnﬁcslzlrl %“h%ﬁa%e underl Id&gnb\é@%b%ge g?e@atlg-rgg FI%aS ki ci al

| ayer 652 (e g Fectrochem ca m)va of t he
sacrifici al ¢ea*9@r6456€52fe¥6?59¢rﬁf@n@%¢aﬂ‘teh@afﬁé% %’éalﬁeqw bnfeddasthe %@Clh‘?i*@écrfm de of the
device 661 fgpmmt hﬁhe\/@ér@larﬁ&%omb@ t6eRtilie BEhALGRETY desibrasdo baym@{haeamgwifk}e waf er

m a sal ne ba wi,th a hi C trati.on élnu ctroemthe
bath can be %2 éacri‘dmcoré{“?‘é’ etPeesﬁccneﬁClﬁﬂe\lfyoﬁ ? BYE nlllcsmeée%(f)desa 39 r@ic §Tnemf’jmm | ayer

Wit h respectmlmeltdtredephlastlrnmdtvéwe@tlﬁleﬂd)eb@ﬂhedeebseie&m‘véIhféml cal cell created by
the Alum nunpaif disWEhmb@sedderiad bt mramaml) &A}h@o%@lhm@r@mwldwmsbel ow t he

devi ces The devi ces. fall and are 0 FIG30 is a
m crogr aph P J??ﬁé%‘f*% ?‘ECES‘FG %88’218 108 ogra rHegy SQ‘F 8%3%6‘8%‘ E !?é‘ﬁ?“‘?sofﬁr The

i mage is takiewrtiat intohigsupr e essersis e ges i shape 440 whikiG a2 8&boided ogfp sindévared dnyhe702  of
the al um numaﬁ'f&c\{/z{fgr Iwﬁérg he)l }ﬁy@l{eewrfcﬁg@ TZQsl}enln?sh%%QO (tagbé Hﬁfeﬁgﬁe% ik ehe

effective surface area of a netal electrode ma subsequent steE Al so shown
i s a porti orPedPeaftel fttEFE ShFoRT e ?rélélaetaile‘@hﬁﬁl\é?dé“é’tqrﬁ‘Iféfau%srﬁﬁf fcation with
t he m cr oel entfiodel ehearbledAit0 sHaf260:7 by IEdcﬁsniBg é liser, @ sphpadatt. Whewhotigia

constructi On eltuerg@ars]geeg Ltta?l{la%@eo&g{ugg rhrle.e ect o%lcrlh% 891%' 6§ ﬁ%do q‘ﬁe eltléc onTh:%
constructi on el enent 1 nc es a stenci frama tree él I NC I ng nht
rigi d backi rigorebivdddo Bagevices|befashinf-yAlier tha asarbhtrsocess S gpyéset 2nbe relawﬁ ruction

frame 644 Eagdn @f catrhewditr@hish thasalet RgriRNRING tdokhiqnesak u&@&;emo&l angated

portion, andassaeglb Bli)r%z:(édlrl];g' Ican 2 gotrlelr?or\]/e g'\r/llgﬁ gac% Er)(pm 1ntsI éjagle and mtegrate the device with

its final structure. In some embodiments, the rigid backing is conductive. In other embodiments, the
rigid backing is non-conductive. When this support structure is of a conductive material, it can also
serve as the electrical ground or reference for the stimulation.

[0212] Electronic Components

[0213] The electronic components of the device enable: (i) recording of neural activity from the
microelectrode array to identify which microelectrode sites are closest to the stimulation region of
interest; and (1i) stimulation and modulation of neuronal activity with the microelectrode array and
the ability to select which microelectrode sites stimulating.

[0214] The electronics can be implemented using discrete components, integrated circuit
technology, or a combination of both. A black box design of the electronics is shown below. The
electronics can be driven by an existing Implantable Pulse Generator (IPG), but will include a

telemetric programming interface to properly condition or route the signal from the IPG to the
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accommodat e one or nore electronic devices, when fabricated The stenci
frame tree 640 can beinplenented ma rigid material, such that each of the
i ndi vi duaWo=oppss42ing construction frames can be bondedPCo/Bh®9/dEvices on
the earner wafer [0208] FIG 31C illustrates an expl oded schematic view of a
construction el ement of an enbodi nent of a mcroelectrode array tip The
stencil frane tree 400 is placed on a surface of a earner wafer including
mcro-array aeweeasdéAy.f o dmddihées@idticlhricstBydadnks ckis@mBic doesmotkOfhirt Sie

sui tably a|IEQ§d with the mcro-array devices 649 of the carrier wafer 648,
and bonded t eto One or nore electronic devices can be suitably placed on
t he pol ymer WalAlcdschapieghgemnepensy or before the stencil frame tree 400 is

bonded to th@26Rr MY medRhRE c8AfndnR2Q0ssobihica a3deBbly Hrodes® &%&I HoGse He@WiRfin @

o o RS R Ry Sh e e PR SHRAL 0 AR Lh S s bIal L no 2
close up of tRE 4R EPLYABERENL LY P TATS RSBy S SR WERE M he
pol yner devi gesraigesrghefenin-domared dontrsi uniy ﬁle'émmmdféﬁmmr@mwmgsprpmmsg

[0210] FI G 3ihkei a?xd@et&@h%fﬁﬁfofnﬁ%ﬁ&i @wmpﬁe i@ PR ke @Rterl cdchiar GRRSAiEHCE T ON
el enent |IIustrat£d i.n FIG ?gae sacrifjcial |ayer has been renmoved

as descnbed HFFHEIFTEIAEH 8‘hant681b‘f§1“€§n tine s AP G SPReraoaie8idd from

t he earner V\@f\@lto 1648/ ¢ arrfictmatiog amigwwghoribetbctrical thigo stie tieisignaG40nftior PG upjport | n

the exenpl arﬁﬁlcggp&gagg;% the side of the polyneric device 649 facing the

carrier wafer 648 (and contact with the sacrificial |ayer) has the

ni cr oel ect r ody! a]t‘efF‘P%gtgﬁ]rq at & fupriiopad Hlagkeiagrap of prosererlary gepadmmi9f e ncl uded m

ei ther or boidirobgide sargsstideBontze donigiert § Qi biion dibds.orme stﬁﬁmmkdBIIHﬂﬂlﬁiﬁsaa ngi d

back 642 (Fl ; [ A ohiSe & ( renders
&%Wi Rich 8% RQld mc%efé%t%iiﬁ%}’ L &% g‘h?o bisge tﬁ%tﬁog‘é %fa

the device 6 or "Ioca 'S’ ngi geous
for inserti ofteipRiantg s ppréiomiia lé‘b‘ﬁ%‘é’ﬁ‘taSﬂgélal@e@taé?i’cﬁwlcess%@éac@w WP‘éWgé}an be
bonded ont o tch@logieN i6Ls Iﬁ)%nfehﬁbcﬁﬁ{eﬁﬂs Rich\vehesne Whesemtchey haverkeen fabncat ed
The stencil shape 640 ¢ be | nt e

Pol yur et hane’ lc%’gecrtﬁo%fr afﬁg uc”h f%gﬁl a@eﬁ"a&? e%ééna nggtéong Véceelgg)gzl-:[lﬁ'ﬁ'l tani um
It can be noktaedtive stitnplatidizizeal p@utledbyanmaf@mqﬁﬁgq@mylquh indigjduad mipmeledrodut  When

this rigid siskdldig, médotaegak%gﬁﬁbﬁgmén@y 11 ingHBMiaBI8 SortidnRE> &h 86T chip
can be bonded The elgeg\gf glnl c chip can a so be onded o the deél ces

bef or ehand MAPEF VTS 2S8BABT SPUBY 08 EL¥ PR BerRY fb"@“’r"%m%\? 8 fromthe
ear ner waf erindgierrgeltherysah®@ngdapduid 6+ ednfigtaiorngehae céunngise®n a8h desenbed

above A fur t&%reﬁ%ﬁﬁml gucﬂ%@e@ﬁl@%&@oe%&@ tcﬂ:govtufg eJEt%rEQI\f)&‘eih b&ltr&g&% Q%E!h@g from
its frane and integrate the device wwth'its final structure Fn sone

embodi ment s, ’H‘Plﬁ‘éabﬁeg‘ioﬂmbé‘?kl ng i s conductive In other enbodiments, the ngid
backing is I‘[OII-SDOMMﬁﬁgI tv BIGV¥ e il fubdtiosal Blog@igptam ST 4nd@ériékdnplasy eﬁfboc&n@@ﬁducti ve

matenal , 1t %@rgligia& %fg%es'h%ﬁ%at&smé H‘?uu?tla‘?e‘&%n&‘%%d‘ ]U-’ééﬁé& 8{tm§ GI&" BRCRLLQL, the

stinul ation ectroni c n}i)onen S ectront conponents of
the device erfaprldspimplseihienegionfindndie 2 aurqelbioge frrep Mornetiottirdel ect rode

array to i dedtibbyicaMaiget THE ﬂb@ﬁh&&ﬁo&@d&ﬁiﬂsb eﬁluaaerses@ﬂao@aﬁlg cﬁcﬂltB.‘]@QorﬁTgthdﬂ ation
regi on of | nterest | at i and neuronal activity

irect a s%lml?latlonglrgx)lal ?o one % nofe < o?&%mrcrotefggt{oges%aé a[ctlw stlrﬁulatmg lhe

with the m croelec
mi croel ect r ogeolsgi¢abtarest fImthis qugle{lmquumtm Sehé@tommddsmrﬁesppab@ i npl enent ed

usi ng di SCr 6kflafAHRRE S atod 834, CEHe BE18Teehakdk B is in communication with the implantable
portion 842 through an interconnection cable 856 containing one or more signal leads. The
implantable portion 842 also includes at least one signal conditioner 848 configured to condition an
output signal from the pulse generator 857 suitable for stimulation of the neurological target through
one or more of the microelectrodes 846. The implantable portion 232 generally includes a power
source 852, such as a battery. In some embodiments, the implantable portion 842 also includes a
telemetry and control module 854 configured to communicate with an extra-corporeal unit 844, to
provide controls for operating the implantable portion 842.

[0219] Filtering of an Existing Signal.
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technol ogy, or a conbination of both A black box design of the electronics

is shown bel ow The el ectronics can be dnven by an existing | nplantable

Pul se Gerwoabwrosf42PG, but will include a tel enetnc progcansioegoimtserface

to properly condition or route the signal fromthe IPG to them croel ectrode

array An enbodi nent of the electront conponents exists which does not

require the I PG [02151 Mechani cal Conponents [0216] The mechani cal

conponent s aifélhsboehateddiagye b bignajnopticsgdss vdedy e fitoinhougeophelldgeyi ce in a

hernetic andghi a@ﬁgq@@tﬂretﬂn%h%&ﬂ&faue'ﬁh&éj o@t&ﬁbvlé%aialti%n SOARGG LI bdiQe AN

exi sting Irrp%ant abl e Pul se gener extra-co |%orelz¢1 con%rol unt The
tra Sa tgja £

or
ext r a- cor por 88" T 5P ”byos?é‘feml }ﬁ)olpblérr PP BBPYe 4> P&t peval of
i nformat i on infinitc ampuberciprpde &) didtermalptirohic Kikterd Usmg enctoempra blegehvowpamergy suatul at i on

systens that as%hcct(;rs :.ImggQ:Mcnloﬂ aﬁﬁlsu‘?fgcteqwugﬁ Wavet(g'x@W) ('J’E';Jcééd@l% Brs lcmle @&Ig@&' e Pul se
Generator, it would serve to retrieve infornation and programt he

el ectrical uhiepebw! kepdilinretesiylicpiguss Foo‘ﬁi’etat?éef?“ig@et‘%mtaﬁ‘@ f??f“éers oAt Pode
array [ 0217]coReflietls femgred io filkdr Gndsis ischfdel filobtiod hakwidihpokedieagnanpasd baad

exenpl ary engai %ﬁ?@iaﬁ% sm%ba'ﬂ&*fé%‘?' ngﬂ Em’% s1ﬁcﬁ1%9cgte§<§$eg r@}éh@a‘t%s &?{%}w&‘aﬂf' gured in

a stimulation at or inclu an I npl antabl e portion 822

i ncl udi ng a AhckrkEll aed 4 arfdliipti alyefssifbe rp’s\ﬂwlfmaﬂa’eﬁn@tl% viehagrdieoniisdl t ar get
The i npl ant afakseve Iaﬂd’cﬁ\l'epxﬁakgsaﬂtleadlf&(ﬂanﬁﬂ‘ak thd e@pua fr&h GHyahplgRnR @i woll saleMit@ehe828 f or
actively stipulating the neurological target In sone enbodi nents, each of
the one or nore mcroel ectrodes of the nicroel ectrode array 826 is in
communi cat i o823} t HGa3dedfrecipretbleadk girarm gemethaenlpdimgenaf cecu@PBicdhe r especti ve

sti mul ?ti oN Sic@ghahro QY Qﬁglaa)'& 8 Bls amﬂ' 'TihZﬁﬁufafoﬁﬂlu%ﬁlyesfaQﬁcr&%@trbdia Rel Vi %al
m croel ectro tISSU I nter |stane regu e
o oot o1 6 SRl PR R Bpnar Bt e 3 e SRR { ary
In some enbodilmentl$ confineed frphantisdringleposad impedaB822 padfeed freppbngridetectar §18] enet ry

and control ﬁ@gmnﬁh&?éqsqareiektgaﬁlﬁglﬂuatmgqﬁé&w@%wa@fagwm cation with an extra
corporeal unt 824 Such a feature can be used rovi de extra-cor por eal

control for BFél athedBPefiies PAmcaHe 55116 PoPT RS @?ﬂ [OPIBFs [P1BF g to FIG
33, a funct i «maibal bhpedkiced iGagradimtefimprdathanlyex ifploaidys aaabodirk® signadlaviag

neur ol ogi calmsa{(g%asﬁﬁmwlﬁ%&@;m &églao%lealohyéswe%&ﬂc %péh'agwu%‘egmah&% call ed
routing node The stimulato mcl udes an 1 npl ant ab ortion 842

i ncl udi ng a ‘?@4ee k& éfcat‘io%ﬁé S%}FCF agla gugnt frydiof 3 FFemh farcat Thy tﬁ%@ﬁk@? BFHEAD 2% ar get
The i npl ant ald @scp@y bé, ORerBPRlicalos: Mitbildesicaissé PRce, rllQlU&Cb mgn@u tGidhttor 850

confi gur ed t glta%% ggéﬁlfx%‘to%g)lfs%l érp (g 0?1!}109?)? {OEIGCQrO(? r.{1ssue mter e TQe 1mFekc'1€nce

m croel ectro r aCtI stinmu e neuro 0ogl ca ar get I n
t hi s enbodi rAgwyzer 8t1ﬁéan§?rmm¢tat0if @ﬁtewgwéw th%%@tsan&éd@%rw arrséparalte,
i mpl ant abl e Jpsskd t@@ma adwrz-8a7 Ame mMe&&rog@fb@Je%ﬁyaan%g)Z islaSorhflexGRAMMNI cat i on

Sontai i ng GG B PR el oot d st At s B P DGR 852 o0
ncl udes at |68k loneeratipy rtiallmnﬁdmeh dnilppaemea8ud a conplax garedahcd d thoondéddertode-an

out put  si gnalssut f@MkdeRErdRMirRenILRAT &k aﬁcr&‘ézmaymts ameemﬁeragnc&nmm& @géa@ la,eof the
neur ol ogi cal tar et thrg@gﬁgﬁgne or nore of the mcraoel ectrodes

i npl ant abl e ”beést“f MR G L AH B BRET LY e cRPligEisst eleqirich] as a
battery | n sem eabedlynemiudtplditeguenddlsint &bduencp onge tonin84®s biblsgcatigteltdas a

frequencies. The preferred frequency detector 817 identifies the measured impedance being closest
to a pure resistance. Such a determination can be accomplished by identifying the measured
impedance value having a phase value closest to zero. For example, a measured impedance can be
identified having minimum absolute value phase (i.e., MIN |£Z]). Such a determination can also be
accomplished by identifying the measured impedance value having a minimum reactance (i.e.,
MIN(Im{Z})). The frequency at which the impedance determined to be closest to a pure resistance is
identified as a preferred stimulation frequency. The stimulator 818 is then adjusted to provide a
stimulation signal at a frequency, or frequency band, at or near the preferred stimulation frequency.

The stimulation signal is then applied to the microelectrode array 815.
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telenetry and control nodul e 854 configured to communicate with an
extra-corporeal unt 844, to provide controls for operatng the inplantable
portion 9% 2p02FM21Fi [tering of an Existing Signal [ 0220pCrnBxowe07715

enbodi ments, the signal conditioner 848 include a filtering circuit to
pre-filter or gain adjust (e g , pre-anplify and/or attenuate) or otherw se
condition an existng signal before routng it to a mcroel ectrode array
Sever al popujoazd] f ialtdperievwopta ﬁ&ﬁplirmahmdleleﬁiogd mlaﬂoelédtrbdeasssmblg oohs istrat@ifih Ni t e
ol s T eSPARSS bk Rkerdyl 185 Sna S LEEL] O Goddl AL 52 LS ARIANG AfdBlaCe

el ectri cal onen , such as I n ors an capac tors
acoustic mv@?@w PEREG FubEEte THe Afiifftle’é?t@méaﬁﬁen&é’ 9G§§|P©§4@Hedtah%ﬁiﬂ@ﬁal\?vélolf known
filter synt h@su&lgataclhweqwﬁ@atemzt hené @rstel R tr@fikdeably pﬂrcfa@ﬁlama@@e dreafcur es Sone

of the contr Ol rgtbcll 1rcu1%e &én‘ﬂeﬁt??m”éu‘;ﬂ alst ?nlic orclgsho?sah nI I(’)er mQre %sc];eltel e& ration
bandwi dt h, cOrfer: fre uency pass pppf and re Ve STdeband | evel

Such fil terscmmemd%?%ib@gﬁpb@mmeﬁ@mb@c?%Gnaescosmﬂpéwmhpﬁhe gredlyespdsy 1 and
2, and Elli p@zz%re;dghmgp%ctw@acpa;ratrh&mg Abng thaUl B PR AE QBstrate WL RS cARA 09 Or

digital, passiv tive, kesll tle difference astheo ut from any
Il ement at | BITTBAPHTSE S CHRPER ' PSS PP e O™, 2 TP PSS | 5 a
functional bileoologida] signdatar dfscrindlhdrar. Lesve dnigintents ftheglongited plobgiuigsahte also

m cr oel ect r ogdg,dol: 864 o Mlmlfggggctr&;m askohb§RGWN The stinulator 814 includes a
m croel ectrode array 8 ﬁ@OSItIOI’Ia e at "a neurol ogical target of interest

The stinul at 8725814 S‘éﬂ’%%“b Peffede Brt ﬁleﬁ‘b‘é‘b‘éﬁ%}‘érya?ﬁ%dsfl‘f’é?‘”eé106*‘“6‘6%@?@68? &d for
nmeasuri ng angeedr@at(pe gowh)mpedancsle 924. oh ehe embdidfidege ey, adebeicteoronBd 7, and a
stinul ator Sa%é%mwr(or%' Gfibd df?h%ls}’ele%&&ﬂ@éh&édfb”}g i f)6es DML 9}8&5@2%39 sﬁc!h%% [ 0222]

The inpedance analyzer can use an vari ous known ues for
measuring el %@%&Pte@ﬁp@d&ﬁwp@ﬁ@b%ﬂlw atlppet aiPRySeRefisleelrogin siroy e P2839% is

provi des a tgmsitiored aﬁdcaﬁalthe&mgswdcumzmgor%mm beihg ﬂaa&wtmhoaga&mpfobbut es to
the mcroel ectrodestissue interface Such attributes include a voltage |evel
of a voltage source, or a current |evel of a current source The test

vol t age or cl0#26knthe n&shatuhaéc@a@@enﬁﬁl}ﬂ appeciatggdresamplp plofeesds erye toiguse the assembly

i croel ect r o idd issiéae zinﬁ'bﬁEdcn@Qtﬁ)le rjlaﬁﬂ#'cﬁféy ﬁaﬁ@sﬁ%@@le@é&ﬁl&ﬂmto%exﬁmg‘: age
accordlngtolgﬂggp%sbcl%gl tertltsto th elm(%rﬁ troetlsslue i nterface The
i npedance an &Y e R °fr8r AFRRE ISP hE ST GRE e FRRYEhs ed
signal, vyi elmwprgpramamnmpe@am endvettiqyel cdnbonainy Ih eonClmbglinkcaiy (Fe=%4eiblAS20t he

mi croel ect r adend ilsiMe ﬂl&pﬁﬁ%@&a;ﬂmb@ AR L LKA YL Yoy &GACH Af the test
and sensed el eﬁ(} pcal signals is 1dentified as having both a magmtude and a

phase [ 0223]°PATGHEMaRGHes ap W@Dlﬁnﬁbl&a‘é%%“eﬁf?éllty‘?@# S??@é%{??’é‘ée inforaggmaak

i npedance ofpréghen the eiafc@eblemtubmhetﬂnesgwﬂs frant B¢ npetaideypuiso paekhigo thhe at | east
one mi croel %gggo(ﬁjéatﬁg i npedance anal yzer repeats the neasurenments at
mul tiple different requenC|es by varying frequency of the applied test

el ect pcal silffal Predpaearyijes bighly IQ?EHZ‘E‘iaﬁlj IFIETS S {TRREPIEY IRCpRPFAEET r equency
range that imebtsiestediotlpagte alediypnic edngémmis alicrlﬁaaqhheiaalcaﬁpo{é&he preef err ed
frequency def.ect lcat%iw iLdentifies.the neas ppedance belergl%mc({.osest to a

£ .
pure resistance A Heterm nation can %earra Fmg f)ypl entifying the

measur ed i npelEAEeraRERechianagmide. phlgehapg Perelers) @@@1@111%306 @idrone) et indydanpl e, a
measur ed i MIRAARCS peRM1DEs drd@Rtki &rnedl KAV kignipl dﬁhrgytmnﬁa%@am@ sitghye phase (i

e, MN\zz\ Suchadet rmntlon can.al so be [of0) i.sh dentlfylng
the nmeasur ed I APRESHEE YL %luhéiméoxfﬂ%ﬁftﬁfﬁﬁn}‘ g%%?og’ﬁ‘be risméta}fw ayers

can be deposited sequentlally and formed using established principles of mlcrofabrlcatlon such as
spin coating, DC/RF sputtering, photolithography, plasma etching, and etching with a mask
consisting of a secondary or sacrificial material such as silicon dioxide or photosensitive resist. The
metallic layer can be formed to create the microelectrode arrays and traces which connect the array to
the electronics and housing. The polymeric layers serve to isolate the traces from each other but also
provide the structure of the implant’s stimulating/recording tip. There are several fabrication

methods which can be described to build such a microfabricated component.
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MN(ImZ))) The frequency at which the inpedance determ ned to be cl osest
to a pure resistance is identified as a preferred stinulation frequency The
sti mul at owo2aByiss42then adj usted to provide a stinul ati oRCSIIBHAY/ @I
frequency, or frequency band, at or near the preferred stinulation
frequency The stinulation signal is then applied to the m croel ectrode
array 815[0224] A top view of an exenplary enbodi nent of a m croel ectrode
assenbly 920[0238] i Fhardtra@icedmicrvelbdtGnid Gomphrentasiieniotiye @dG: (Dred abdieso @entifr r ay of
m croel ectr Oﬁl@éeal?%astﬁlgéﬁéq{léﬁmr ééh%l@aa%c%gééctr%glte%gmgaecglcgqg&hﬁge pr obe

substrate 924 A first_electronc assenbly IS positioned at a proxinmal
end of the eﬂrpeﬁﬁr@%@d(ue)?%@%h%%Gthﬁra‘ft%w@“@&akvffétaflﬁerﬁgﬂue’éqyeﬁwlbtﬁlfreel%fggdénb| y 928
can ntl ude ofigs @braffes Ginitib@Qipadl @ictorGibir bl inhxighre tRafRE 8arS2rdtp the UGhe);a8d @ii)

m cr opr ocess e first
el ectronic aglén’él}wﬁ?nqangrfgdu%éoﬁng% %fog%lr%liﬁ{é% ‘glc]ﬁlt]eo&%%%%?ro% egt?nm%:?og(%f éée}%gdes
922 t hr ough ﬁm?@ﬁlﬁé@wfwsﬁsafééﬂ@%% unni ng al ong the el ongated probe
substrate 92r@zz1§h1em~le&e&dngmaﬁbaﬁ@aﬂial@auaag%l@m ciafonfs, ﬁ@gtfaﬂe(gcuxrcﬁfl to |

i npl ement ong tions o [ eur.ol oqi cal stimulator
descri bed hetFCehin?%o Jlgsfta{m n‘%r%) cﬁSI?ﬁEBtS fé) TfRe ufapon o1 IF%F ulr TGRSR e al so

i ncl udes at heamtated inme tiiper caf betuppd inedopipncHemvid aaS?SSélnaallﬁylagQ@e JuByo 2Bratbm  some

enmbodi ment s, idyeThd dicst: nfeL%t LR § tefebeGibl brbEr¥in2idSi t&&@p@%@ﬁﬁd ditn dFvout
i npl ant ed puﬁ ¥ 1 y hrorugh amceaallol e 924 Innsornre e

ener at ot. s
embodi nent s, h‘?ﬁé "gl‘rf%ﬂfﬁ I§G§ ‘BORE© fcér8%er"8?f’ fcs assembly (or a portion of the
first el ectr[@lﬂﬂbsRa"ssMFI@ 3%, meillandysof bredxenmtry ylegptie ymbadimed382 such as a

telemetry an&u‘é}w@ctrh& sirﬁb‘ﬁlre%ﬁl'i]@afé& ﬁn@ﬁ@ﬁﬂ&dﬁﬁéﬁ’é an é‘éctr&&é‘%sfsen%bpé%%‘is stnnoQid
el ectronc circuitry 928, 938 is positioned adjacent to the mcroel ectrodes

922, for exaiipre H%F‘ﬁ@“‘j“lﬁl’fﬁﬂ’d‘f)%}mt/ﬂ% Ebf‘orﬁlgraf@aodﬁratst%ﬁweP&v@ PSP 226]

The nmechant adsseﬁlelsmmmﬁ@ a8 Archn ARROOF AteRthnasiagtilital 065 SES e8efovies t 0 house
the assenbly, 920, o &, E'eeJoﬁ@gueﬁ to%?lerp n%%a rﬁ&é %l&ﬁ%oﬂé% {ﬂgfmrpm&léie ﬁ‘é‘?x%lo 'ceﬁo

enabl e connectl olﬁ an exi st ator or
extra-cor porsélélPla‘@b‘ﬁ’fcl‘%‘?d hering Asrﬁéstrétﬁ fhy cle@iopieraesambly ATt e AR bﬁP@WCHéwﬁemr

programi ng iaplahted phlse gaﬂdatble(hcrtls@wai tmeﬁghlamfn&fcﬁaltedt@glcabm osnMBe@iadbment s, the
assenbly 920 rrentl | abl e ext tearn nal

| avai
cochl ear sti rru?ari’l onlecrsT;8 S asserg[fl?ﬁ Can liUdﬁl|§e&r]${3mﬁttry “Ra fl\érnc(:ofnmalélgaug I npl ant abl e
pul se gener axtgmal tﬂ@m%d‘#vete@@r ve to ret rieve information and programthe

el ectrical upisif OTHeQuétﬁmIcmse&bgraﬁJ ifcidt BIdchigal bRARRR aPloLinRrbSEiG0 s at or to
t he m croel e{(t roqe array g% [%227 The %ew cg g_f | des. hlcgahl y localized
and ef fi ci enteEFt BUPEPPH= EBr B IF ATPHE R EFGIPAb A BR°E8¥ponent s,

el ectroni ¢ conpoment sndanginwRidnean Gainplenapd hewdes twihve mote ariadedbrddesdt-ed

conponent copsiatSicBLiedodth)C M&La%@él;ﬁ &%d&'h&f'i}fnpl_ﬂhc% n%ﬁs‘iﬁ%erﬁ%d/@ﬁstdnﬁ'i&loﬁ ment ed
ma polymeric material such as polyimde, polyurethane, yl ene, or

pol ysi | oxane™{ &5 implemrsy b‘éﬂ’fﬁf“ O?chr H’d@érl“tr‘i*ﬁlﬁCtF‘idFSrﬁ“i‘)?n eﬂﬁ“é.‘f%&”?‘&ﬁép?r%“%f a net al
or netal oxi0zs2 Hde thitghewidaainge adsenstiegifiedot Belpdblebtiohiys. SWBKevas wohlatherim

pl at i nurt | Nl oo Ol B 0N E. Qbbb AN, TR QMR e ol Tt al i C

| ayers can be deposited sequentially an ormed” usng estab S principles
of mi cr of abralsEaricpoRdan “as-Tikpnihe geel brépre Petyipg-to s sleeteopicn g his “pre- Elter”
phot ol i t hograpi yake {Bb RSHBE sehal |ﬁlté’i@g mamér@ta&kuv@gcemlﬁ Herdl PARGKN, GOMBleshd g Of a

fgglorsl'?afl%eor oélg'glrnlo];der to gllrec{mgnglr h‘om apu S%Een%rsators oa c 01ce OPI %r)é!elgc?ro& sﬁd%h?t osensitive

following figures demonstrate the different components and embodiments.

[0233] Various exemplary embodiments of microelectrode array element configurations including
tetrode arrangements are illustrated in FIG. 38 A through FIG. 38D. Referring to FIG. 38A, a
microelectrode array element 1000 includes a stimulation electrode 1002 and four recording
electrodes 1004. In the exemplary embodiment, the stimulation electrode 1002 is disc-shaped;
however, other shapes are anticipated, such as polygons, ovals, and irregular shapes. In this
embodiment, the recording electrodes 1004 are substantially smaller than the stimulation electrode
1002, and positioned within the outer perimeter of the stimulation electrode 1002. In order to

accommodate this arrangement, the stimulation electrode includes a respective open area 1006, one
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metallic |ayer can be fornmed to create the mcroel ectrode arrays and traces
whi ch connect the array to the electronics and housng The pol yneric | ayers
serve to weabawmss42he traces from each other but al so pr@®¢iraB200oeo7sty uct ure
of the inplant's stimulating/recording tip There are several fabrication
met hods whi ch can be described to build such a m crofabpcated

conponent [ 0228] The el ectronic or mcroel ectronic conponents of the device
enabl e (i) t fecalbpflthetrgeotdimg pldanddsf ip thelpeenplalembedngt, dn crorflingeduanty 1 0brre each

i ndi vi dual ”hr%&ﬁ} Sadeli Qéizﬁlg%oh@)ouéigﬁlg s&afafdnbkGRdn ipREdAnce spect roscopy, (n)
stinmul ate at é har acteristic ’?}5@ afHr7e5| st ance frequenc ﬁach

mi croel ect r of& ?t %ne&iél?eé’ﬁ‘fneaéeés PRPY 8 Y SPERH AN B SIP6 P B‘H ANASHERT mum
char ge t r ansteshapemf triygecbidig tledrodealieh that my Istposiitnet thepein. dmdhe pRalpl@t i on of

neur onal act Lflokifiel bl of iGrcll G6AREELEARG AL B AULLRGS ADLLI bpel 0 Sel ect

whi ch microelectrode sites are stinulating [0229] el ectronics can be
i mpl enent ed GETHY Grevretld’ dorprmases Jnagrbree ﬂep ffe thetrdipedssHeded 4

digital signathpitdeessing eléo@&fé} gan®F pleted @itk MAtpeOfreadl 008] withbih icRening e

el ectroni cs gan.pé& eﬁe”t%%E QLImEErQ %n‘éf‘ée,%am I{Tx%% Qgen‘ﬁ{%‘%go MG Hpst 1 on

with an existing |nplanta ener a l'ectronts nay
i ncl ude a tel%ﬁe?%@cﬁﬁﬁg?lweﬁﬁ)oﬁﬂeﬁ@b}e SW“@'%@@‘H“W%W&WF@HWG? route t he
signal from fefpect Ea%&hto@lei heem@m@elsﬁmaﬂsQQeaﬁndsamulﬁmsgdmﬁieﬁoez bi Hageat o FIG 37,

a side view (9 ;f ra}lt sht% e s&mF l?)ﬁfm%gtp %g;léa\étesorgem%%e recorg q ctrodemOcEM gave gl%tlﬁrlsrg €

structure is | Is e an el"eetT'oni cs asse 956 is
posi ti oned rsenss eldfor@ﬁ?rmﬁezeﬁweh@@b@@teﬂ@@él@ar ray 952 The m croel ect rode

a ][ r ayt 952 i s[mta; nﬁldheteQenEplTb@y é%lb@f—iﬁaé@ mg%@agfﬁmlr?eegg@ énmmgwltmh@w %ggem%nL
of i nterconnec ectrj eads e ectronts ass can be
configured t 6’“’1“%‘19@%% bor?gagﬁ" B8 $IEFReeT borqg *35 D R BT S ‘ﬁ?%%%% Fabout

neur ol ogi cal 503, andlaatloive shpsaioh betilesdi Rightsrs olfhhmttllscamedrhetsﬂfrenzeﬂoect roni cs
assenbl y 956 el c?ode%as ) 1a%%terco(%9&)e0t qrq sot % e%gcéig%@NQ{)tfame{%yofseTch cor i aetl%¥ Icﬁe.nOt

shown) through an inter connect'i ng ernati ve ion,
the electr omacsmasbstefﬁ@layO@Sﬁmealnss,rmdi abde 30Elmepratarey Iesome uqudyneﬁterthe

conmuni cat i n(gany&et 83 éﬁergm%zﬁ;tﬁg &@Auoaeeéamﬁgew 95%\55 GEs %@gﬂLsQ%a%dlaLouT*ﬂ@ooﬁln?&t ronts

assenbly can 1 nclude an electrical groun |ng interconnection to an
el ectrical dgf®tund potential 958 In any of the errbodl ments descpbed herein,
i npedance nEAzE eReEHisy QP 9B, & dlteiidtiad énwadiﬁlan obemitiapéasRALBdIRLIMERN t WO Or

mor e m cr OelsgCt I’OQ rm?latgog elgctx’odeal%]tl a%%rrllg rC ose cf CetoI{l’c(gr(j eers11)netéar\I 0 t%e letu agc%l y orin
addi tion, inpeda atl n-can errent ed

bet ween one @éﬁetrcrﬁe r1 @ 2 mrefabﬁefoté@ﬁraed@@r an dVlth nldellt@elts dpfgnre qun@wﬁdl 0 tefendnce

[0232] Not e i hah (18 pHRikiet vl th@@en@ﬁ@f@t@%ie@c@d& Qnmh phRGlH AR RLIEGES QOES Thi s
devi ce WOUldltL en tra sfer t e S|§) fromthe IEE(Llantable Pul se Generator
e

directly to Yo ?af HEER Ef%?/fe CHRF TR RS CE TSR P bl g Oing glpotrode
"pre-filter"l0thersitigred towhaifap meerappdf e nppntaga 1416, nedrescthe @niecd th King:latipr e- f

lter” mght dakeelide fnqtlgaspsomgemekneﬁts hie%cbr@eg sﬁc%&i%14t193p§&mp%moﬁaCertal n
signal spectrum nultiplexin morder to direct signals froma

pul se gener &EGF'ES" e ‘E?ﬁ‘b?rﬁaelogef S“}ﬂl @Ftdlé@lrﬁpe’fdil‘éﬂlé‘:t@iiet 1044 deRgnof tﬁTCIhSW ng figures
denonstr at e stildatihh bk@oénto1Z drporenbslingnd, teifsodétrenths st R 8] elebaaeo L 2

exenpl ary enhodi hBRots.Rh e ur
i ncluding tet %gde gr r Izlin e%ﬁ%s%?g&igr %uosr('?%% ee(‘zllgllIt %@ﬂ&cagggﬁelﬁr 6%%?118%1 G 38D
Referring t 601F1r%orggg\elecé_rode embodiment is shown, other embodiments are possible including one or

more recording electrodes positioned within respective open areas 1016. Although circular shapes
are illustrated for each of the stimulation electrode and the recording electrode, different shapes can
be used. The shapes can be regular, such as ellipses, polygons, and irregular shapes.

[0237] Referring to FIG. 38C, illustrates a similar embodiment of a microelectrode array element
1020 to that described above, except that two tetrodes 1024a, and 1024b are embedded within the
same stimulation electrode 1022. The two tetrodes 1024a, 1024b can record neural activity from
different tissue volumes sizes, with different sensitivities to neural activity. The “inner tetrode”

1024b can have the same, or different microelectrode diameters than the “outer tetrode” 1024a. The
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m croel ectrode array el enent 1000 includes a stinulation electrode 1002 and
four recording electrodes 1004 In the exenplary enbodi nent, the stimulation
el ect r odew0Q0)/G5842di sc- shaped, however, other shapes ar@CanB2ood/peved, such
as polygons, ovals, and irregular shapes In this enbodi nent, the recordny
el ectrodes 1004 are substantially smaller than the stinulation el ectrode
1002, and positioned within the outer perineter of the stinulation

el ect rode 10&agmmﬂ@wﬂmrum@&amﬁbwmnﬂameh®hhghmfmamgemkhmeWheuﬁtithation

el ectrode nt] hh';?iﬁ%ué Jngﬁlggogltsloytgﬁoqug}neg{sg@ JOpe, onefor each of the recording
el ectrodes I n the exenplary enbodi nent the recordlng el ectrodes 1004 are

uni fornly spleisy ﬁ%f?ff%’g‘o é.‘tS’S‘G‘tml%el%fH@‘lﬁlefﬁF‘e“é epRefimen d M oplE i JHj ¥Peht parrs
[ 0234] | n getesdalq34tistralyepmny aiedsd h0ie starlatioavietrady 050 ap howantk ibensthape
need not be { he()ﬁ%ﬁgeo r? argahl%%s 1S %Q(%d ?part %”IX n%&gﬁ?hgilmggr o% ltlﬁ%ttn{;lﬂglgn gl(gzgodet hat may

be positi onelf"t the e open areas 1006 do
have a simi | B2 @h@a@ncﬂw@lﬂ}/a ‘hanﬁer @fﬂ@ recqeging plemeit K134, s%b@@nﬁ@@a?ww&

el ectrodes 10Q4 ad; htﬁnéﬂpzﬁ»\ﬂﬂﬁﬁnﬂﬁ&l cﬂthg'&dﬁﬁtlnﬁm&ﬂvbl@ﬁl@tﬁwsfuh@d’hgtr&&rd&ﬁcor di ng

el ectrodes 1@93% guch bé trgefrec rdlln ql ec rodesdthm s ced W t hin
the open ar 88 1008 PRGBS ne“ﬁooﬁlca he ST Alat T on  erle Pro 6°1002 An
annul ar r egi &rrribfd hewipa il besé @podingnis ace gy\@tlwew Of h@mplwdete@eftmtgdeisto hope 1004

The recor drrgsc@de%%é 195%@& H;LE}%H moﬁ@&fzp@éaa%ad%dr&wrmas hlapﬁguﬁﬁbqfr@roftﬁé mlarly
sized with respge:;JEU acg t her The)é) n%/ $1ve simlar d((pge as the

stinul ati on ¥%8 F%Hgat yi[v] eeng‘?s"ril?ﬁ‘{f@a © §FTFOIEY BB hEPE OPH RS RSB odi nent s,
at | east sonasdigfnatdadodieeny dng el ect rodes 1004 have different shapes and/ or
different si [??4%] ol 51‘31%8?&}1 of fe rﬁl@x%Qech&%ﬁaJe%rﬁl 1doB, 161%2162% 63 RdcNbed
enbodi nment , four disc electrodes 1004 enbedded withmthe |arger,

stimul ation *’é?P‘é’cfﬁnrttﬁd’émf@@?n?ﬁ@Oqgétﬁcb?yﬂ?‘?ﬂcaéfné‘&lief -&IBEe 1 PO BN HaVe a

respective dilamatiely odfn aadi@mif onB 6k Mg ofaiychf ehe frﬁ:lrc&tebtkbﬁe ﬁﬁpallélﬁsints(lmot wioheir
nearest nel gl ARA o La0udTiEs Sl TAALL PlaPLEGKL AdGAAR. 2 di areter
of 300 mm | nﬁs(grlgjoensbﬁgg SN ¢ qu;g (glarreat er glac?ﬁ recor Og el ectrode can
range bet mee‘ﬁleaﬁWPdezﬂf‘i’mAé‘ﬁan@W Pla&?fd’”&b@‘ﬁﬁ““%@%ﬁ”@?“%l“@“ﬁ 9% ofhs

enbodi ment s, préya @xtehsiofBl48 inclodes tdnemaltousmb@tae@lent@ioegtgaad& e aicrdeiBrgRe et ween
about 5 mm Oe'ienler?t%%@é%@ﬁdeg arefspect;i/b stlmulatli_) etctrgﬁo 1&42Lan<g tetchd aFgrea]:l ee%‘n[éxlzfg%ét gdﬁlg\l/\g 288

an alternative e a mcroe rode array er
stinmul ati on @dcegdey Bdte 110 Hlugrstivg embedinednt disadidditode e‘ﬁl‘i@m@lﬁ‘*élﬂfe gepmdtabong of  t he

stinmul ati on &legatyeAfGer Lol cG8 Elﬁr[u@ahb%lé‘c@édk QWS BchGhdi bl le@de leRents\Wiokd bre

i ndent ati ons de{l ni ggﬂ&%en ar eas 1 tendlf) rg 1&12{ romthe perineter,

t owar ds t he SBEft @ SR PEERTO A elsﬁT atjop eigAPEs ¢t four such open
areas 1016, [02415] siogher dtamfiivaodoiimedaf aeplalarrpeebp@cetnslvreloﬁ@sdkudnfg:d@IFé@BMde 1014

The recordny,e éxﬁ’&%ﬁﬁj@ea&%ﬁm h §r09é3e§{e5§109'] 6 lﬂcgl\ﬁ@srfglr Al RO 88¢dQfigskhe open
area 1016, nearest the center of the stimulation el ectrode 1012 I n at |east

some embodi neflt ¥ theH@oslesEsF dfgeE| 18&1?%%9 T HRAU T SIRYAOB eApdr 0% Podm a
pepnet er of tthee apeRmadtefrechihfy clesitodds 104¥aln hhi@useBe Eldlﬂijmﬁhtaﬁicbld @¢eodt014 does

not touch the. st fgh %'dl? seg'“ﬁ% flggp%n QA6 b %%F’QP gﬁﬁdﬂ?&}eﬁgnédg% epneter

of the stinmulation e are gener al roun out sharp
corners, m opddhat ﬂl@teb?dév@ﬁfmsmoa}ﬁwspﬁfﬁwaﬂ Fegthe im@?rdgnuhr Eqﬁl@a*grwf ge
four-recor dlsagu@tloaelwt@ak%loeﬂbodl ment is shown, other enbodi nents are

possi bl e I ng arlgl?seeTgidém RFS 0 Il;lleCI%O bq‘ll.ca gxll etllrce)s%'r[n?_lllgtgo%scle\p CCG)DSS flatwla lg)e (Sjesc\pfibt hm
respective pen ar eas Clrcu apes
herein. These embodiments are g1v1ng by way of example and are not intended to limit the scope of
the present invention. It should be appreciated, moreover, that the various features of the
embodiments that have been described may be combined in various ways to produce numerous
additional embodiments. Moreover, while various materials, dimensions, shapes, implantation

locations, etc. have been described for use with disclosed embodiments, others besides those

disclosed may be utilized without exceeding the scope of the invention.
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are illustrated for each of the stinulation electrode and the recording

el ectrode, different shapes can be used The shapes can be regul ar, such as
el I'i pses,wpabwgssel and irregul ar shapes [0237] Ref erri RgTUB2089/®7368C,
illustrates a simlar enbodinent of a mcroelectrode array el enent 1020 to
t hat descpbed above, except that two tetrodes 1024a, and 1024b are enbedded
W thmthe same stinmulation electrode 1022 The two tetrodes 1024a, 1024b can
record neur al0248¢t Althaqugh somedavidesidessritea bertip srs identiied a3 nigsr wiapaess or gliretie, disf f er ent

sensi tiviti egdtQodiakti fkh &Ghdowd deVicel By bd ROEE cHr&ichiBU6eing AR R BxhiaVE t he
sane, or differ nt nlcr | ectrode di aneters thag?the "outer tetrode" 1024a

Thedi agr am sPORE> AV emit é‘r‘teli’ St PO SN oSSBTt B LR E PeiBh oty “But er
tetrode" w timdgQomithadiusicEviCtsvey alghiaped cutgkuels, and numbers of tetrode

el enents ar eg)@&? Sihemks 9R3Bbn 1BeE LR %a&tf&gla&}psh@%%@ @Jscrm&&ﬁ%f&%ésqg Freﬁlré?ﬁe nt
embodi rent 1030 illustrated mFI G a tetrode is onl

enbedded i nt STPHEE PeEACATTION L@Peé%wi8&@082elsléedﬁ&th%%bwawwh%nﬁﬁérfﬁ%t
portion of t#edapsmaabesadd Bdbiniwsthapdapathgdipartie stdpe b thinehtiod Encp@pasda@byer of
the stinul at de 1032 by a distance |ess than a dianeter of the
recordng el hgﬁ?g?gﬁ%mguch a configuration would all ow adjust nent and
optim zation of the sensitivity and volune of tissue being recorded [0239]
Vari ous enbodi ments of neurol ogical stinulation devices and techni ques have
been descri bed herem These enbodi nents are given by way of exanple and are
not intended to limt the scope of the present nvention It should be
appreci ated, noreover, that the various features of the enbodi nents that
have been described nmay be conbined in various ways to produce numerous
addi ti onal enbodi ments [0240] One or nore of any of the m croel ectrode
array el ements 1000, 1010, 1020, 1030 descri bed above can be positioned on
an el ongated cylindrical menber, forming a microel ectrode array
Alternatively or maddition, one or nore of any of the mcroel ectrode array
el enents 1000, 1010, 1020, 1030 descri bed above can be positioned on an

el ongat ed pl anar nenber, also formng a mcroel ectrode array An exenplary
pl anar probe extension 1040 is illustrated m FI G 39A The probe extension
1040 ntludes four mcroel ectrode el ements 1045 Each of the m croel ectrode
el ements 1045 includes a respective stinulation electrode 1042 and tetrode
arrangenment of recordny el ectrodes 1044 In the illustrative enbodi nent,

di scoid tetrode el enents 1044 are di sposed along an external perineter of a
di scoid stinulation el ectrode 1042, such that the tetrode el enents 1044 are
spaced apart fromthe outer pennmeter of the stinulation electrode 1042
[0241] Another alternative enbodi nent of a planar probe extension 1050 is
illustrated mFIG 39 In this enbodi nent, each of the a probe extension 1050
ncl udes four mcroel ectrode el enents 1055 Each of the m croel ectrode

el enments 1055 ntludes a respective stinulation electrode 1052 and tetrode
arrangenment of recordny el ectrodes 1054 In the illustrative enbodi nent,

di scoid tetrode el enents 1054 are di sposed withm an open interior region of
an annul ar stimnulation el ectrode 1052, such that the tetrode el enents 1054
are spaced apart fromthe inner annular perinmeter of the stinulation

el ectrode 1052 [0242] Various enbodi nents of m cro-fabpcated
neurostimul ati on devi ces have been descri bed
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herein These enbodi nents are giving by way of exanple and are not intended
tolimt the scope of the present invention It should be appreciated,

nor eover ,wohato/ishke1vari ous features of the enbodi nents rhatBiaYyeImEen
descri bed may be conbned in various ways to produce nunerous additional
enbodi nents Moreover, while various matepals, dinensions, shapes,

i npl antation | ocations, etc have been described for use with disclosed
enbodi ment s, WoIATRISSTIMBEERDS: t hose di scl osed nmay be utilized without

exceedi ng t hé scopeinpfanblensypiogics prepoP@sysing t hough some devi ces descri bed
herein are identi fdfgasa pajbt hef; cut aneous or chronic, it is understood that
such cut aneous devi,.c . b sed in chronjcally, i.ng, i mpl.ant ed f or

ext ended peri ods, a}())hr]rale giﬁn%frﬂe eCF?d%F]te%Tn? .arrgllg?rdl ?%1??%1,%@%% eglé’l\l/gig%%gml%f’esgagtri bed
herei n asb bei ng c#lwatioes elactricdl sonfgpidapngtdrodinaiatlongiestrrapeshiates may al so be
used cutaneously. a2 46H cieWhibdi EontilicS inlcRMEAL doBhuRiBBioRERPAThd: ddloddht Y Shown
and descri bga VYithf r.ef?rendces to 55 gfelired eg}bo.d' ments thereof, it wll be
under st ood by HOYEUERT T PR A By ¢ 18t SPaFTb e ¥hanges in form and
details may be made therein wi thout departing fromthe scope of the

i nvent i on en%onpabisedpliyyabicheurepaehued otdlaan ipvhdeinTheleBng@leAbvBEDhGs 1 An

i npl ant abl e RetduRk @Fifkd@ionREOPRunGe DI hsihd «2Ri@l pRaRted iREphGShlil . 2

pl ural i téo of .m'lcr.o I?ctrode el ements arranged at a distal end of the

el ongat ed prdBEeLHaPts at 1east one electrical contact arranged proximally
al ong the probe shaft, at |east one electrical conductor in electrical
comruni cat i oh bet Weanplatableaastloghnipredf of dipgn plvwheradnite diagbtenrif e pebebifriode

el ement s and;the ekl €ast one el ectrical contact 2 The inplantable

neur ol ogi cal probe of claim11l, wherein the el ongated probe shaft is
configured for insertion jnto a. human body using an accepted procedure for
i nsertion deéep br ”glfl?“ﬁme&?‘ir%??lﬁaleoé@gm%%%é“l’ Ffﬁ'géﬂfaélmn%o r‘i@tﬁ’?“éﬁiﬁﬁ’d’ cal probe
of claim 1, mbetlerrdchenditansitend sgbtaithidy diifodnefrehabtheringcredivoudde dlei@éat ofhed The

i npl ant ab e ReUREl AR GRL-RE BERf claim 1, wherein at |east one of the
plurality of mcroel ectrode elenments is shaped substantially different from
anot her m croel ectrode elenment of the plurality of mcroel ectrode el enents
5 The i npl ant abl e Y& B BG e ELe Bffdatf’ll Livhrgin aldprsonir e PlEdist one of the
plurality ofminod¢coedeetinrndiea gineimnt ecirgle andsit andnadt thpledligodf mgkelearvde at

| east one of. i he. RLYLakidNcQfgem croel ectrode elenents is a detecting

el ectrode 6 The 1 npl ant abl e neurol ogi cal probe of claim5, wheremthe at

| east one stinulating electrode is shaped substantially different fromthe
at | east oné det el iR EPIE eTFURgisalProph el ofaifh ] SHErEB the arenTost Bigeine e of

cl ai m 6, 20nhes ¢npct hestatiallyebiEtenofiten ©f at tedhe ogtdeath@tlécagieel ect r ode and t he
detecting el ectrode conppses a plurality of electrically conductng

sub-el enent's; 8 Thg, i ml, ' r | al Pal.iwbigrei n the
2t 1 cast ong-of (e ST ot e SECk POUER, fBLPRE: gt T GputIThE

conppses a t¥CFWaerddiedgheBnerfirodscomprisesR PR of clecirelicCorYng tHh Sl cerENt s

8. The implantable neurological probe of claim 7, wherein the at least one of the stimulating
electrode and the detecting electrode comprises a tetrode arrangement of electrically conducting sub-

25 elements.

9. The implantable neurological probe of claim 1, wherein each microelectrode element of the
plurality of microelectrode elements includes a respective electrically conducting region disposed

upon a substrate.

10. The implantable neurological probe of claim 9, wherein the plurality of microelectrode

30 elements are configured as a micro-electromechanical system (MEMS).

11. The implantable neurological probe of claim 9, wherein the substrate is formable.
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9 The i npl ant abl e neurol ogi cal probe of claim1, wherem each m croel ectrode
el ement of the plurality of mcroel ectrode el enents includes a respective
el ectri cawbDyonassazet i ng regi on di sposed upon a substrat @TOBX047A ant abl e
neur ol ogi cal probe of claim9, wheremthe plurality of mcroel ectrode

el ements are configured as a m cro-el ectronmechani cal system (MEMS) 11 The

i npl ant abl e neurol ogi cal probe of claim9, wheremthe substrate is

formabl el2. The i npl ant abl e neurol ogi cal probe of claim9, wherein each

m croel ectr ode el Eiepilangble péveolqgicalmadbe efielagh 9. herein edcle picropiderodd damentto§ the S
cylindrical mhafy drafitRatc@outndRe Histial welbald bheneiandat stheRrlpRgsshaf t .
13. The i npl ant a}p%te neur ol ogi cal probe of claim9, further conprising at

| east one el®C¥iBnic circuit element attached to the substrate. 14. The

i npl ant abl e neurol ogi cal probe of claim 13, wherein the at |east one

el ectroni ¢ clidr cui the ahrdantable nduplogshlecbed chinoinfirthe cgnpisips adas bstdagnef :  a
switch; a rautgfelemdn a@ddilahd h&fbsug@eCONtrol l er; a m croprocessor; nenory; a
mul tiplexer; a filter; an attenuator; a resistor; a capacitor; an inductor;
a diode; a transistor; d conmbinations thereof. 15. The inplantable

neur ol ogi cal’ pr oblgle om?p"laél%glf ﬂ%qulTOEWq@fo T H “HThir YRTCIPe 3 78 g ofepizpat cEmi

el ectrical chmeddtsclptadomalt sadup pgsigting afk @ sviol; atdver;di shdifierenanedfliet he probe

shaft is | esScrbfievdssds; Iﬂgﬂlory'];-@mul-[ibl@xei;mh&%@pénﬁat&%s@sltoq;g:iC%ﬁ!;itop,ragplﬁ!u 9)?, oClaiml,
wherein a hej %ht of the at | east one_ electrical contact medsur ed al ong an

h
axi s of the e SERY “ykcorHRIgIdEShaft is | ess than 100 nm 17. The
i npl ant abl e neurol ogi cal probe of claiml, wherein a height of the at | east
one el ectri dal cdirt avtanpEasurbdica bobgefalinalX wberd a licipht d il hidtastondel@fricilhe

probe Shaf t el 88 Surddh@e hxl 8 Bt TS InOBLANL AL ogi cal probe of
claim1, wherein the el o%gat"edtproséaeshaffgp‘{" A P By e i npl ant abl e

neur ol ogi cal 6progr% of ctlﬁﬁi m 18, wherein the el ongated E]'reobe shaft includes
a lumen opend®at d pIFBRIMART "eaRIgEica groben! glaimyb, WhsrgindlieightiL the 8} lesgioratiecprdbe of
cl ai m 18, when®i meatune alhg dneais bf thnist bt the fiabe sE4BNELS tHak 1@%khends al ong a
substantial portion of the elongated probe shaft, without interfering with

the open en Cﬂ? d | q‘H@iﬂlplagt;ble Iéullgg%ltld(? grolgeoorf cl§i%n{)lnu£e?cliri]antgig§t o@ gllél 5’8% Ot%'né: e!ctritczﬁ rget

conprising: inmplanting a neurofogical probé wthin-a vici nafy of a
neur ol odf calFoasipraturedalopg antajie offea tistl engiotth¢ prphechré iclesypei i mg an el ongat ed
probe shaft, a plurality of mcroel ectrode el enments arranged at a di stal

end of the et ongahesppfiaiencsbRfital pabe okaa&t1,9ﬁheeiﬁh@&&nfﬁit&%kobﬁs}faﬁ aGkxgk r anged
proxi mally along the probe shaft, and at |east one electrical conductor in

el ectrical ¢onmmupi cat| bet ween. at, | east .gne of th | yral i of
mi croel ect rode el eerr@ 13 %%éennéurf) %lcaét’fmlfeeogg?mc}g’ew &8 lferelﬁ%%eggtghet%%f[ nchdghnect i ng
the at | eastUgfeonst geproxEwl endont act to a neurol ogi cal stimulation source
supplying an electrical signal; energizing by the supplied electrical

signal, onex®r nUhamphnitieiiblcfiQEh el OdR 18] \eeRA S at MRERhEEETRRRANG,Or Mor e
ener gl Z%j n%x?elilﬁ)seallo%gg Eu%ggntigllpg%gnngf%e%{oggi e groglenshﬁ‘!, \?vﬁlgou igterffelrigé v(?/ithatgea g)tene dto

ended lumen.

21. A method for stimulating a neurological target comprising:
implanting a neurological probe within a vicinity of a neurological target site, the
neurological probe comprising an elongated probe shaft, a plurality of microelectrode elements
25 arranged at a distal end of the elongated probe shaft, at least one electrical contact arranged
proximally along the probe shaft, and at least one electrical conductor in electrical communication
between at least one of the plurality of microelectrode elements and the at least one electrical contact;
connecting the at least one electrical contact to a neurological stimulation source supplying
an electrical signal;
30 energizing by the supplied electrical signal, one or more of the microelectrode elements,
wherein the one or more energized microelectrode elements produce an electric field adapted to

stimulate the neurological target site.
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stimul ate the neurol ogical target site.22 The nethod of claim 21, wherein
the act of inplanting conprising inserting a substantially p gid stylet

i nto the wonreiss42unmen of the el ongated flexible probe $RAfAB200pP@&ViIdi ng
tenporary rigidity to the el ongated fl exi ble probe shaft, inserting the

el ongated probe shaft with the inserted substantially p gid stylet inserted
therein along a trajectory toward the neurol ogical target site, positioning
the distal end of the neurol ogical probe within the vicinity of the

neur ol ogi cal 22 ar g&te msthp@of cleimpd)yivipepin theeacsdf yrhpdantifercomprisie: proxi mal end of the

el ongated fl eXl bl @se%@b&bﬁﬂﬁiltymgﬁ@gleﬁ@tl)ﬁl@%én‘%ﬁlhﬂneﬁtﬂ Ml@%&téﬁgleilﬁ@probe
neur ol ogi cal I%Vl i {te usi. ng §ast dofg f{trl)mura Ity of

mi cr oel ect r 0d eaposasy Reidity fo.he, Jopest T“B‘FHKOE?S erein the act of
positioning t he dhssttiag therichgarbd trbie s witb the gisgad suptabielycigidptyiesasnddeieaidi ng

neur ol ogiscal gt irfécteYy S€48ME BlrdYicAkardcf@st one of the plurality of
m cr oel ectrode el enents and rep he_di stal end of the neurol ogical

osj tioning
probe as requi r e itEIhe dsplad Pféléed}e‘ﬂélﬁgl%?i?rf’@l“t“ﬁ?mlt@ vichdy efdheingeolegicat he
di stal end ofredtkie; el ongat ed probe shaft being Iocat ed sufficiently at the

neur ol ogi cal targggovmgtt@sgfétfmﬁhyﬁs eﬁegafofﬁlLa SeneISLSL Dk 1S act of

selectively stinulating c ses ap a st rru nS| aT’dto at | east
one of the at Iee?%lf"c“&ﬂ-‘é“@“@ grt?eé‘é'i‘mlegj talzgf@ltwmaﬁge@ﬁ opfr O b n’mallty ofil ong t he
probe shaft nd&ocldagodaektats. of cl ai m 24, wherein the stinulation signal is
obtained froman inplanted pul se generat or 26 The net hod of cI aim 21,

further conpk| I si N ﬁl@th&icotf !:lﬁgx ]J‘ex%%%%e act 0 o(glftlf)&m?’gt hegdlslflaﬁ nd 0% e neuroloawal

m cr oel ectrode el enent s, east one’ m oroel eCt rofe bei ng
energi zed b)Pr({bﬁ%’n@Hi?bTeF‘éﬁngef}e@eloglF%a?ItIVI’ébfdgtﬂﬁ@d b2 7t ot chrglthemivedityef neur ol ogi cal

probe kit conpsddsidig el el&nﬁﬁuﬁ@ﬂe@iil&ﬂﬂg (RS @A ONRE heSioRGicAProbd QE&%&@%M exible
probe shaft el udi rggwa cep sible at, a oXlI end, a

S
plurality of mcroel ectroc {“ie Shiah liﬁg%fogﬁlégangétted%fo?flsga&tﬁem%g?f‘tegf t he
el ongat €8 prs‘éfﬁ@enﬁhﬁfﬂte nelaﬁlogl@htgltgetéufﬁe el ectrical contact arranged proximlly
along the probe shaft, at least one electp cal conductor melectrical

communi cat i am betm&ﬁﬂhcﬂtofélﬁﬁﬁiz \ﬂl@l@m(ﬂfe a&tbﬁsc@&tﬂél@LtlnIuYaug co%ﬁs@%%@ﬁée{ ode
el enents and.th cal contact, and a st configured

for r ermvablsuemullanlgnesrl%nf@% atrﬁaSt °t fhogthé %H?afste?f‘e TIHiH oggpect ﬁ’éan%?d8FPé§iaB¥ial?qgé13?l bl e
probe shaft proboshifeep t he el ongated flexi ble probe shaft substantially rigid
during insertion into biological tissue

25. The method of claim 24, wherein the stimulation signal is obtained from an implanted pulse

20 generator.

26. The method of claim 21, further comprising selecting at least one of the plurality of
microelectrode elements; the at least one selected microelectrode being energized by the supplied

electrical signal.

27. An implantable neurological probe kit comprising:

25 a neurological probe comprising:
an elongated flexible probe shaft including a central lumen accessible at a proximal end;
a plurality of microelectrode elements arranged at a distal end of the elongated probe shaft;
at least one electrical contact arranged proximally along the probe shaft;
at least one electrical conductor in electrical communication between at least one of the

30 plurality of microelectrode elements and the at least one electrical contact; and
a stylet configured for removable insertion into the central lumen of the elongated flexible

probe shaft, to keep the elongated flexible probe shaft substantially rigid during insertion into

biological tissue.
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