
CLAIMS We Claim: 1.A. waveguide neural interface device, comprising:  ulla
neural device that is  implantable in tissue and ncluding-comprises a
neural    12) an array of electrode sites that supported by the neural
device sidewall wherein the array of electrode sites are configured to
electrically communicate with their surroundings,  electrode sites inclades
and at least one     recording electrode site hieson a first fleetie
portion; antri  da  first wayeguide formed
sopa-Palelyfromandcoupledtieettic devitieextendln  from a  nuns:hind lust
wassiguide nortion th as cordite ( al) e  ligb,tAgigce to ii. dist& Ant
wimiguide portion haying, a distal first waveguide end, wherein the distal
first  waveguide eaeries-dight along a longitudinal axis and ineiudcs a
light direetingeeletneatethatersdigeetsethe carried light frem the
wtlyelllutde -Portlim is aupnouted by a second face ot the distal neural
device portion; 



d) an aperturet From the irst taco thrtmOi the nc .rai
kl.in'ii.N.::131.5.1tWall to the secondin the disiT adevice portionz and
!Olt re:dire:ding defilerted by the distal firs: wayriguid  adjacent to the
anerture.  fl whoreIn the   element serves to rot ire(      where the
longitudinal axis:and Inc recordine, electrode site is curifigt
.ed-te-sampleiliumin ted-tiSerte butirLA maDyET.., 1ec7orchno; electrode
site on therace touirliort and  33  wherein the et least one recordIng
eleetrcxiesli. is confiqued to s.ample 



illuminated tissue. .  9,The waveguide neural interface device of Claim i,
wherein the neural device is a neural probe. 3.The waveguide neural
interface device of Claim 1, wherein the redirected light is aimed
substantially in a direction perpendicular to the-a longitudinal axis  of
the light redirecting element 4-The waveguide neural interface device of
Claim 1, wherein at-least-atertien-ef-the
1-a44ust-face-ef-the-neural-4ovketnd-the-waveguidele  ecuplcdto a s cond
faac of the neural dcsicc, whcrcin the second face is opposite the first
face  of theneural  device portion. The
wavegui-de-tlett..tirffiee-de\dets-of-Ciittint-igy -- witerein--the--esilee
iticludes-ttfi-a-p'tirtuf't::1:tft-emi-iffg-bctweett-fhe-fifist-fitee-ood-t
he-seeend-faett, 65.The wayeguide neural interface device of Claim 51,
wherein the light redirecting element of the waveguide includes at least
one selected from the group consisting of: a refractor that refracts light
through the aperture of-in the neural device  sidewall, a reflector that
reflects light through the aperture of-in  the neural device sidewall, and
a lens that focuses light through the aperture of-in the neural device
sidewall 7(.5.The waveguide neural interface device of Claim 1, wherein at
least a portion of the electrode sites and the wayeguide are mounted on the
same face of the distal. neural devicezictajau. S.The wave guide neural
interface device of Claim 1, wherein at least a portion of the waveguide
extends laterally beyond the neural device t:o that 0. first nortion of the
'LOA trmout through the aperture and a second portion of the redirected t
is redirected laterally aw-'from the wavermide. 98.The wayeguide neural
interface device of Claim rt, wherein the light redirecting 



element of the waveguide includes a refractor that refracts light away from
the--a longitudinal axis of the light redirecting element.  mg. The
waveguide neural interface device of Claim 1, wherein the light redirecting
clement of the first  wave-guide includes a reflector that reflects light
away from the-longitudinal axis  of the light redirecting _element. 4-110.
The waveguide neural interface of Claim 9a wherein the reflector includes a
roughened surface that scatters light. Eni. The wave-guide neural interface
device of Claim 1, wherein the light redirecting element of the wave-guide
includes a lens that manipulates light away from the-a longitudinal axis
of the light redirecting element, 1-312 The waveguide neural interface
device of Claim 1, wherein the tight redirecting element of the waveguide
includes an optically dissipating portion that dissipates the earried-light
to illuminate tissue. 1413. The waveguide neural interface device of Claim
1, wherein the waveguide includes a plurality of light redirecting
elements, wherein each light redirecting clement redirects a portion of the
carried light from a different point oit the distal first wave-guide
portion. 1514. The wave-guide neural interface device of Claim tett?,,
wherein each light redirecting element redirects a portion of the
ea-Hied-light at a different distance along the-a length of the distal
first  waveguide_p_ciflion.  101,5.. The waveguide neural interface device
of Claim it, further comprising a second waveguide coupled to the neural
device. 1716. The waveguide neural interface device of Claim 161,5, wherein
the neural device includes at least  a first neural device branch and a.
second neural device branch. 181-7. The waveguide neural interface device
of Claim 1716, wherein the first waveguide is coupled to the first neural
device  branch and the  second waveguide is coupled to the second iniural
device branch. *918. The - itiveguide neural interface device of Claim 1,
wherein the waveguide is rigid. 2019. The waveguide neural interface device
of Claim 1, wherein the waveguide further includes an inner core and a
cladding layer over the core, and wherein the cladding layer is patterned,
to selectively expose the core, and the light redirecting element includes
the exposed core. 2-1-20. The waveguide neural interface device of Claim 1,
further comprising a circuit board that interfaces with. the wavegiade and
the  at leasi one recording electrode  of the array of electrode sites and
the wavcgaidc. 2221. The waveguide neural interface device of Claim 24-20,
wherein the circuit hoard is double-faced and includes an electrical face
having electrical components that interface  with the array of electrode
sites and an optical face having components that interface with the
waveguide.       The waveguide neural interface device of Claim 2221,
wherein the army-ef-  at  least one recording _electrode ,34,23 in
communication with the electrical face of the circuit board  is located on
a-fge,ntthe first face of the neural. device - nimmieation with thc cle-and
the waveguide is located on a bath face of 



the neural device that is in communication with the optical face of the
circuit board  is located on the second face of the neural device. 2423.
The waveguide neural interface device of Claim 2322, wherein the circuit
hoard further includes a light source that provides light to the wayegnide.
-27524.. The waveguide neural interface device of Claim i, wherein the
array of electrode sites further includes at least one stimulation
electrode site. 22rj, A waveguide neural interface device, comprising: eala
neural device that is  implantable in tissue and including  comprises a
neural deideekr:.:Val t'ronl a  pi:e0Xiniat neural device  LatOt), that IS
ttonneOlaVe tP a.pule gelleFatOf to a distal neural device perleast the
distal neural device  portion extends along a first longitudinal axis;  Id
an array of electrode sites that -supported by the neural device sidewall,
wherein the  array of electig surroundings, sites are configured to
electrically communicate with their   &site& inethdes and include  at least



one recording electrode site  located on a first  face of the distal neural
device portion;-and c)a first  waveguide coupledto the ncurt.Idele icerx
tending from a proximal first  wavecuide  QcLt2xLUxca is comk.ctal)le In a
iight source to,ti distal first waveg pation having a distal first
waveguide end. wherein the distal first  waveguide
eaeries-light-aleuttiritaingitudimd-iixis
that-disoisdatesstlitiiiiiiatritiliadeliAttportiora ex
ically-dissipeting-porticat 1s dOflC  a tiaxeof1(1 .KL121 IUCb.UZdaxis
atid:isistiriporte lax, a second face a:alAzp,Nsttaaatiaeyt&T side,
co-axial relationship; distal first waveuidcortio - froni he second
longitudinal axis and. through 



the first aperture in the neural device sidewall to thereby  illuminate
selectively targeted tissue;  ' I-eft:ft wherelit-the---   .minifted
46tyki-eadjacent to,  but in a manner that avoids direct  illumination of,
the at least  tine recording elfictrode site on tine cif the
illuminated tissue. 27726. The wayeguide neural interface device of Claim
2625, wherein the neural device is a neural probe. -28-27. The waveguide
neural interface device of Claim 262ui, wherein the neural device includes
an electrode substrate that is layered over the waveguide, wherein at least
a portion of the array of electrode sites is located on the electrode
substrate. 2928, The waveguide neural interface device of Claim 2827
-herein the waveguide is mounted to the electrode substrate such that the
---pertionlight redirecting element is adjacent to at least a portion of
the array of electrode sites. 3e2  The wayeguide neural interface device of
Claim 2827, wherein at least a portion of the optteally-dissipating
portionlight redirecting  element extends laterally beyond the electrode
substrate. slack. The waveguide neural interface device of Claimwherein the
electrode substrate is wrapped around the waveguide.  3-231, The waveguide
neural interface device of Claim 28n, wherein the electrode substrate
includes an a substrate  aperture that corresponds to the optkally
diacipating ,pt2,11i:RA iwtoce ad:is:cent to the light redirecllng  element
of the waveguide such that diasisS4rulireeted  light ia scattered-travels
through the firs`  aperture  and the substrate 



17-7-------- eleerredecite-is-afllaeent 3432. The waveguide neural
interface device of Claim 3-231, wherein the waveguide includes a second
optieally-dissitittin_ portionlight redirecting element and the neural
device includes a second aperture that-earresFondsadlaccnt to the second
optically dissApating-lieetionlight redirecting element of the waveguide.
such that dissipated redirected  light is scattered thronghtravels from the
second eptieaih'---ciissiptii :t14;d:rt mthwtinvHi 'OA and thmithsh the
second  :Vtherelenin  tissue. 35-33. The waveguide neural interface device
of Claim 3231, wherein the first  aperture is elongated in the direction of
the second  longitudinal axis of the waveguide. 3634. The waveguide neural
interface device of Claim 2827, wherein the waveguide light redirecting
element  includes a reflector tip that reflects carried light along the
second  longitudinal axis  of the distal first waveguide portion. 37,35.
The waveguide neural interface device of Claim 343,4, wherein the reflector
may mclt*decomprises a selectively roughened surface that modulates the
path of reflected light  3-83k. The waveguide neural interface device of
Claim 2-625, wherein the dissipated light pasing timotith lhe edireeted by
the  cJut redireedug    element has a substantially uniform intensity as a
function of distance along the second  longitudinal axis of the
optit-ieThy4issipatingdistal first waveguide portion, 3937. The waveguide
neural interface device of Claim 2625, wherein the waveguide further
includes an inner core and a cladding layer over the core. ileaf!,.. The
waveguide neural interface device of Claim 9937, wherein the cladding layer
is patterned to selectively expose the core, wherein the
eptieally-dissipating-portawrof istal first wavegulition. includes the
exposed core, 41.3Q. The waveguide neural. interface device of Claim 4e38,
wherein the optically disxipatiugLportiou-of-'the-waveguikkdistat fit t
knveeuirle  tiortion further includes a layer of optically dissipating
material patterned on the exposed core. 4240. The waveguide neural
interface device of Claim 4-13q, wherein the optically dissipating material
is aluminum oxide. 



4341 The waveguide neural interface device of Claim 4038, wherein the
exposed core is embedded with optically dissipating molecules.  4442. The
waveguide neural interface device of Claim 403fi, wherein the waveguide is
a thin-film structure. 4543. The waveguide neural interface device of Claim
4638, wherein the wavegaide is an optical fiber. 4644. The waveguide neural
interface device of Claim 4938. wherein the neural device includes an
electrode substrate that is wrapped around the waveguide, and  wherein at
least a portion of the array of electrode sites is located on the electrode
substrate, 4745. The waveguide neural interface device of Claim *44,
wherein the electrode substrate includes at least one substrate  aperture
that corresponds to the exposed core, such that dissipated-redirected
light iseseattecedtravels through the first  aperture  and the substrate
aperture. 480.. The waveguide neural interface device of Claim 474.,;,
wherein the electrode substrate includes an optically dissipating material,
4-941. The waveguide neural interface device of Claim 474,5, wherein the
waveguide includes a second opticanyedissipatingporfictilight redirecting
element and the neural device includes a second aperture
thatecocrespondsadjacent to the second optically discipating portionlight
redirecting element of the waveguide, such that di-s. redirected  light
iseseattered-throughtravels from the second optically diseipating
pottiontight redden-dna ek througl. the second Aoettit',  issue.  5E348 The
waveguide neural interface device of Claim 2625, further comprising a
circuit board that is double-faced and includes an electrical face having
electrical components that interface with the array of electrode sites and
an optical face having components that interface with the waveguide. 5+49.
The waveguide neural interface device of Claim it, wherein the optieallv
dis,sipating-pertionlight redirecting element includes an optically
diffusive portion that diffuses light. 5-25ri. The waveguide neural
interface device of Claim 1, wherein the eptieally dissipating-portionliAt
redirecting  clement includes an optically scattering portion that scatters
light. \. method. ofthlint-ii-wtwegukte uratimPs 41 Jrcividing;
ifiietfral,ikvieeThatiMes-a-pitifdfity-of-electrode site
idinga---wmeguideF-separate---frem---the-memni deviee, that ic
eanfivircilte dr-include&-a-flghti--filfriNitnity-ekiment that
;:ii,flift-ifEits-the-cmTieehliglitnaway-fron fife-VidifigboarilTsepat 



is-configared-tia-interfacre-with-Tim-plusahly-ef-electrodesinis-a-m4-the-w
iweguidet  orionting-tfle: ligh-f-direethig
eloolefit.--of--th-e--wa-vetticie to- a- pretietermi-noil-Ehmeior tioviee;
---wfiefei-o---the---predefeeiniood
orienta-fiefeis--13,-aseti,-oh--aleeted-dia>,!tio-ii-of-retifivetet,1-1ig
o4-4.41-e grou-nit-teisitatthe-tiouttall-de \44eo,--the-watreguit1e,
satit.1/2he-eitetti-t-13,3arci--to-ot--1,2,a4-ene--of-the-other--struet-ore
s-in--1,1. tooplifig--kfelotles-lint--tite-wave.-gtaid"   eiettris:'
r-Fho--ofethed--ef--Gio-intswherei-o--eAenting----thetigh*--ilia),eti-o-g--
olo*mm4-4nobitie3 fota--alt-o+ft pretleterfoi-net angular <Wientalion;
The,
meffiefl--of--Gleito-53-,--whet,eiff-etitipling--i-oeiheies-eooplinf,-the,-
wat,,egoide-to-tife eifebfit--bWiT4-a-fid-ett;
tplifig-the-tiele941-1C3ifEkE4-biEeREir  met had of- flohn
55s--tho.-IX*fif{1
miti--faeiE,d-eirektit--boafft-iheifitling-ntf-opt.11 fett-o,
at*4--ort--taloeffieal--fitee3---otheee41--eooptiffg---tife--veguititionifi
--1aeo4-firekOf--boart4 Ofekteles:. eontorholL-5.ft-Efoti  ettiapling the-
ratiral de-sactithe ------ iiitett-ixti4tice-eircsittt --- boa rid-having 



electriciiheitititiontattai 57,The tnetheti-eliGlatin
5ars441ffeta-{teliplinthartieding-coupling-therwit diecirettit beard
tri-eweveDiiiieveiteuit-Itoard- structerexidid-ceiteling-thedie
dessitte-te-die-wayeteuivicridatruetere: device OAR! .circa"t-stect.a?
dereeittlietaiplid-g-the lie-nettral-elevieiticirixeit-beiatil-stitteterix:
Theahetliteel-efatiries:3,-witereiii-et wavegiiiiie to the     heti
#.-tt'ettx -10 - taittn a WaV'egt-tkite-ITheir-til-fie te -the.
eavetaiitie-tattar-al  device Arad-urn,   et): -eit I  cal probri 



ideliities Lye-tins:a -the rieuealix-ever-41itaide: 'Thettnethrt-it
Seivtielittreitilityeeiet-thedleitittrieltxvitits-twitc-ttitx-tva guide
hada, - wrapping-the-nevitt cyvxapoutektlie4ytivegekkx: !cit.e nee ralT
tereil/ tta. ev tee wherein at trate,   :de:di-oda .aubsti - ate that .i.a
I.Vra pped .arqund        



least a turtle::: of the array of electrode sites is located on thee!
xs and Lhe cub:dui:1e a.nerthrti.    53,The waveguide Tjuterface device of
claim 52 wherein tile electrode substrate includes an optically
dissipatiligniaterial. S4,The waveguide neural interface device of claim I
wherein the neural device has a  :first length from a proximal neural
device end to the distal neural end and the wayeguiitc has a staxmd length
Mims; a imottinal .ycavegulde end to the distal ;',qweauide end and
svi.w(vict the iettire 



tiug  t4111.1e(1at the distal Iv:Avery:We end with the staxnwl    kitatt
beingiess tlian the first length  to thereby posltion the light
IY,ldifectinft element ;apposite the aperture ha the neural dm ice
side:wall of the &h$ ii neural device portion.  55"The wavetmide neural
interface device of claim I wherein the light redirecting element.is
supported by the waveguide at the distal waveguide co.The wevee nide her
tral inletlare device of claim i wherein the littht redirecting elsnynt
snp;,,60-pe.d by tips di;;tal  waveguide_portion at a lot Minn ta;
proximal the  distal neural end. r-7?}1114,,.,t''11;:f.le. neural interface
device of claim 4t5 wherein at Jett:tut nortion :If the redirecter ligli I
IS t irected laferadv away Irmo a second long dictum axis of the distal
wacetmide portion,  58,The waveguide neural interface device of eiaim1
wherein the neural device   ................... deande..tailistrate that
Cti yeaci ; wer the wa Year:We,  wherein at least a  portion otitie arrayof
electrode sites is located on the electrode substrate.  119,The
;,vtwegoifle nova' ;luerface dmace ut elairrs 58 wherein. the ivaveinfidois
nmonted. to the eiectrcee substrate such that the li<th;
redireotinitelemert is ariltrent to at least a portion of the array of
electrode sites.   60,.I11mtaJnde neural ie deaa  . wherein at least
iji,wiitti n  



the light redirectingelement extends laterally beyondthe electrode
substrate.    is wrapped around the waveguide.  62.Tiieet&uide neural
interface detTtee of Oahu  jj8 wherein the erodesii1istirate
u:ute anertureearreii,portilit to the tirct af  erture a(haeent to the
Iiitht redrex:tingtenient of the e waveturide such that redirgtited light
travels through the:lin:it aperture and the substrate aperture     ieding
element  neural Aire includes a 83:-.00O0 aperture     



adjacent to the Seeflu hgh redi rectum element of the wavegulde. such that
redirected    ertu.re is elongatedJg  a longItudmal axis  of the ivaveguide
Theegtuc leuralittuirfaetti cleice of elvein the reflector corn :trice:::
,.O,WO12. et -fed surface that modulates th pathreflected  66.Thergincle
neural interface device of claim 2J3, wherein Li runiform trltdflSftY as a
jbIe.tj4jn   distance a1otag. the dista ortion,  



ntertacc. L VICe.iatth.10..Whi:thO111. the (1.1SL  Atinvectudtittri
trtiter.: litdes ti layer. Eft,: JuileallyiliSsibutluianuaterittl: pante
tined the ex4-N-3 ;Vie  68,The waveguide neural interface device  of claim.
67 wherein the optically. dissipatimunatecial is aluminum   The8eVicu
olaiurn ocWharein the.ekribatit core is  embedded with ontically
dissinating" mialeauleit  7o.The waveguide neural interface device  of
claim  I wherein the waanigible is a tit in- flint gracture, 71.The
waveguide neural interface device of claim 1  wherein the waveguide is an
optical fiber,  79The waveguide neural interface device of claim. wherein
the light redirecting olonent includes an untidily diffusive portion tint
elitinsakt lint, A wasiegnide neural interface duitico comurising: a) a
heural device that is ithplantable in tissue marl comprises a neurlU davice
sidewall oilers:hug from a prpidria"ntiund device portion that is
connectable to a  tinise PCflCilttOr to a distal13,C74(12 , portions
wherein at least the distal maim' device  portion extends alongia first
loneitudinal axis: hi an array of eittetrode sites supported bv the neural
device sidewafl w reio the 



tectrcx.1e sites are contlicared to electrically ee.111111)ItiliCate avith
their rrounth rigs and include a.t.Jettobe recerdinicelectrodu site located
on a first face of the distal neural device  portion;  c) awit-Ye:gni:do
extending front a proximal wavewide eurtion ilia I is connecti ble to a  ,
held (toto 0 C../ 01. WaVettO 6de  portion hivinga crisis; wuictiguide
iiiiutvhurain , the eOstai. w vc.gT.ucie portion itti tench alone a S11Ud
JOald tudina!Ivy; and is  ituttnisited tiv a second face of the distal
neural device oimbon in iisula,"frx:icie3. co-axial relationship:  ti) an
matititiniernyteudimit from the first thee through the neura device
;demilitto the second face in the distal .neural device nortiom el a
Clotihifificed.oitynit hoard that includosinU '10CfriC11 face having
elitictriciU compotatto Is dial ml erfttce with :the at least one.
rccorditte.electrodeeite and an  optical face intatina components that
Interface with theand  ali0 retlireci g etc mem: sow-united in -file distal
first wit-muhie  portion adiacent to the a .erture g) wherein the light
redireettp&elernent serves to redirect jight travelimullitngfiat distal
first wavitighide pod ion away from the second longitudinal axis Wid th
L'Ough the 8periLii t. in ihe neural device 'd \4j4 to thereby ilbuninate
targeled hsiie adjacent to;  but in a manner that avoids direct
illumination of, the  at least one recording electrode site on the first
face of the distal neural device portion and  wherein the .at least one
recordin g  electrode site is eethithiurp(ii to avricie illuminated tics;
in and the circuit-board is configured to transmit information recorded by
the record ingelectrode site to the oroxinial neural device  portion
74.The waveguide neural interface device Of claim 73 id erein tile at least
one recording electrode site in communication with the electrical face of
the circuit board is located on a front face of the neural device. and the
wavegnide in communication with the ootical face of the circuit board is
located on a back face of the neural device,  :  the .S.V%-".';
NcriljnairthliaCe deVICO Of claim 73..wharin.the.jiiicctitt boo& further
itteiudec a.11:tht ccaztit.E.-- that itenvidnii fight to    


