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WAVEGUIDE NEURAL INTERFACE DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of US Application No. 12/940,748, filed
05 November 2010, and US Provisional Applications Nos. 61/258,494 filed o5
November 2009 and 61/321,089 filed 05 April 2010, which are all incorporated in their

entirety by this reference.

TECHNICAL FIELD
[0002] This invention relates generally to the neural device field, and more

specifically to an improved waveguide neural interface device in the neural device field.

BACKGROUND
[0003] Advances in neuroscience have largely depended on the advance of
technology, which continually provides new methods to perturb neural circuits and
measure the circuit’s response. One recent advance is the use of optogenetic tools to
perturb neural circuits, particularly neural circuits with cell-type specificity.
Optogenetics creates light-sensitive ion channels for optical stimulation of neural
assemblies, and therefore allow experimenters or medical practitioners to selectively
excite neural channels and/or inhibit other neural channels with high precision.
Optogenetic technology is driving demand for new techniques and products to couple

light stimulation with high-density neural recordings. Intracortical opto-electrical



specifically to an inproved wavegui de neural interface device in the neural
device field. BACKGROUND [ 0003] Advances in

neur osci emoeohizose1drar gel y depended on the advance of teebmaiSog/ 053926 ch
continually provides new nethods to perturb neural circuits and neasure the
circuit's response. One recent advance is the use of optogenetic tools to
perturb neural circuits, particularly neural circuits with cell-type
specificity. Optogenetics creates |light-sensitive ion channels for optical
stimulation of neural

devices or “optrodes” provide the ultimate combination of perturbation and monitoring
capabilities. However, the technology and application of conventional optrode devices
are raw and inefficient. Commercial systems are not available and current techniques
have limitations in most experiments. For instance, many neuroscientists modify
commercially available optical fibers for use in their optogenetic studies, but these have
drawbacks that limit practical applications, including having only one-dimensional light
output, and being brittle and dangerous due to being made of fused silica. Furthermore,
an electrical artifact, known as the Becquerel or photoelectrochemical effect, arises
when an electrode is placed in a conductive medium and illuminated even at low
intensity. In the Becquerel effect, incident light produces a current that affects low
frequency potentials, thereby confounding some neural recording applications.

[0004] Thus, there is a need in the neural interface field, which includes the
clinical treatment of neurological disorders, to create an improved waveguide neural
interface device. This invention provides such an improved waveguide neural interface

device.

BRIEF DESCRIPTION OF THE FIGURES
[0005] FIGURES 1-6 are schematics of variations of the configurations of the
waveguide neural interface device of the first preferred embodiment;
[0006] FIGURES 7 and 8 are schematics of branched variations of the waveguide

neural interface device of the first preferred embodiment;
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recor qoogejapp! i GAGIURIE. 10 is a schematic of one variation of the waveguide neural
interface device of a second preferred embodiment;
[0010] FIGURES 11A and 11B are schematics of a perspective view and cross-
sectional view of FIGURE 11A taken along line A-A, respectively, of another variation of
the waveguide neural interface device of a second preferred embodiment;
[0011] FIGURE 11C and 11D are schematics of a top view and cross-sectional view
of FIGURE 11C taken along the line B-B, respectively, of another variation of the
waveguide neural interface device of a second preferred embodiment;
[0012] FIGURE 12A is a side view schematic of a conventional optrode;
[0013] FIGURES 12B and 12C are side view schematics of variations of the
waveguide neural interface device of a second preferred embodiment;
[0014] FIGURE 12D is a plot of light intensity as a function of depth or
longitudinal distance along the waveguide, for a conventional optrode and the
waveguide neural interface device of a second preferred embodiment;

[0015] FIGURES 13A-13D are schematics of the fabrication process of a thin-film

waveguide of the waveguide neural interface device of a second preferred embodiment;



[ 0004] Thus, there is a need in the neural interface field, which includes
the clinical treatnment of neurol ogical disorders, to create an inproved
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wavegui de neural interface device. BRI EF DESCRI PTI ON OF THE FI GURES

[ 0005] FI GURES 1-6 are schematics of variations of the configurations of the
wavegui de neural interface device of the first preferred enbodi nent;

[ 0006] FIGURES 7 and 8 are schematics of branched variations of the
wavegui de neural interface device of the first preferred enbodi nent;

[0016] FIGURES 14A-14D are schematics of the waveguide component, the
neural device component, and two possible assembled perspective views, respectively, of
the waveguide neural interface device of a second preferred embodiment;

[0017] FIGURES 15A-15E are schematics of the method of making a waveguide
neural interface device of a preferred embodiment; and

[0018] FIGURE 16 is a schematic of the method of making a waveguide neural

interface device of another preferred embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0019] The following description of preferred embodiments of the invention is not
intended to limit the invention to these preferred embodiments, but rather to enable any
person skilled in the art to make and use this invention. As used herein and unless
stated otherwise, the term “dissipation” (and its derivatives) is used to refer to the
dissipation of light as a result of diffusion, scattering (e.g., single event scattering or

multiple event scattering), or any suitable emission or redirection of light.

1. Waveguide Neural Interface Device of a First Preferred Embodiment
[0020] As shown in FIGURES 1 and 2, the waveguide neural interface device 100

of a first preferred embodiment includes: a neural device 110 implantable in tissue and
including an array of electrode sites 112 that electrically communicate with their
surroundings, in which the array of electrode sites 112 includes at least one recording

electrode site; and a waveguide 120 coupled to the neural device that includes a light



WO 2011/ 057137PCT/ US2010/ 055720 [ 0007] FI GURES 9A-9C are front, side, and
back view schematics, respectively, of the circuit board of the wavegui de
neural i nwenbaus7devi ce of a preferred enbodi nent; [ 0008LCFIUSZRESSED) and 9E
are schematics of variations of the circuit board of the wavegui de neural

i nterface device of a preferred enbodinent; [0009] FIGURE 10 is a schematic
of one variation of the wavegui de neural

directing element 122 that carries light along a longitudinal axis and redirects carried
light to illuminate selectively targeted tissue. The waveguide 120, which is preferably
formed separately from the neural device 110, redirects at least a portion of the carried
light laterally away from the longitudinal axis, and the recording electrode site is
preferably configured to sample illuminated tissue. The waveguide neural interface
device of this embodiment provides greater flexibility and functionality to the design
space of neural electrical-optical devices, or “optrodes”. The waveguide neural interface
device may provide a one-dimensional optical stimulation pattern (e.g., FIGURES 1 and
3-6), or at least a two-dimensional optical stimulation pattern (e.g., FIGURES 10 and
11). The waveguide neural interface device preferably provides such optical stimulation
patterns with neural recording capabilities for applications of optogenetic techniques.
For example, the device may enable the control and monitoring of neural activity with
spatial selectivity, and temporal resolution and duration that are useful for clinical
treatment and mechanistic investigation of neural assemblies. The waveguide neural
interface device 100 is preferably used to provide optical stimulation and neural
monitoring in clinical applications (e.g., treatment of Parkinson’s disease, epilepsy,
depression, obesity, hypertension, but may be used in any condition where stimulation
is useful as a treatment, or any suitable condition) and/or in any suitable research
applications (e.g., for linking and mapping behavior to the collective activity of neural
assemblies). Combining highly specific 2D and 3D neural probes (having electrical
sensing and/or stimulation) with optical sensing and/or stimulation may significantly

increase possible experimental and clinical applications. The waveguide neural interface



I nterface device of a second preferred enbodi nent; [0010] FIl GURES nA and 11B
are schematics of a perspective view and cross- sectional view of FI GURE nA
t aken al ong 20177 A, respectively, of another vari ati orCofuseéne/osgreegui de
neural interface device of a second preferred enbodi nent; [0011] Fl GURE 11C
and 11D are schematics of a top view and cross-sectional view of FIGURE 11C
taken along the line B-B, respectively, of another variation of the
wavegui de neural interface device of a second preferred enbodi nent;
[0012] FI GURE 12A is a side view schematic of a conventional optrode;

[ 0013] FI GURES 12B and 12C are side view schematics of variations of the

device is preferably insertable or implantable in neural tissue, and more preferably brain
tissue, but may be used with any suitable tissue.

[0021] The neural device 110 functions to provide structure for the array of
electrode sites 112, and in some cases, for insertion and/or implantation of the
waveguide neural interface device into tissue. The neural device 110 may be a neural
probe such as that described in U.S. Patent Application number 2008/0208283, which
is included in its entirety by this reference. Alternatively, the neural device 110 may be
any suitable neural probe or suitable structure. As shown in FIGURES 1-9, the neural
device 110 includes an electrode substrate and an array of electrode sites 112 coupled to
the electrode substrate. The array of electrode sites 112 preferably includes one or more
recording electrode sites that sample illuminated tissue, and may further include one or
more stimulation electrode sites that provide electrical stimulation. At least a portion of
the array of electrode sites 112, particularly the recording electrode sites, are preferably
located adjacent to the light directing element 122 of the waveguide 120, in a manner to
avoid direct illumination on the electrode site, thereby reducing or eliminating impact of
the Becquerel effect on signals obtained through the neural interface device and
improving the accuracy of data collection in the neural interface device. The neural
device 110 is preferably substantially planar and includes a front face and a back face
behind or opposite the front face. Although the front and back faces are preferably flat,
the neural device 110 may alternatively have a curved shape, such as one in which the
front and/or back faces are concave, convex, or wavy. In an alternative version, the

neural device 110 is approximately cylindrical and the electrode sites 112 are arranged



wavegui de neural interface device of a second preferred enbodi nent;

[0O014] FIGURE 12D is a plot of light intensity as a function of depth or

| ongi t udiwal2odisrence al ong t he wavegui de, for a conven®PCorskolopsiede and
t he wavegui de neural interface device of a second preferred enbodi nent;

[ 0015] FI GURES 13A-13D are schematics of the fabrication process of a
thin-fil mwavegui de of the wavegui de neural interface device of a second
preferred enbodi nent; WD 2011/057137PCT/ US2010/ 055720

axially along and/or circumferentially around the neural device. The neural device 110
may alternatively have any suitable shape or cross-section, such as elliptical or
rectangular. The neural device may be flexible (e.g., may include a flexible interconnect
coupled to an electrode substrate) or rigid (e.g., electrode substrate coupled to a rigid
backing, rigid carrier, or other rigid structure).

[0022] The waveguide 120 functions to redirect light away from the waveguide
neural interface device to optically stimulate targeted tissue. In some embodiments, as
shown in FIGURE 6, the waveguide 120 may further function as a carrier or other
structure for providing structural support of the waveguide neural interface device for
insertion into tissue. In these embodiments, the waveguide 120 is preferably rigid or
rigid enough to provide support for insertion into tissue. For example, the neural device
110 may be a flexible neural probe substrate, with the waveguide 120 relatively thick and
rigid and the neural probe substrate relatively thin and/or flexible. The waveguide 120
may be tapered, narrowing towards a distal end of the waveguide, to reduce tissue
damage during insertion into the tissue. The waveguide 120 preferably receives light
along its longitudinal axis from a light source, but may alternatively receive light in any
suitable manner. For receiving light, the waveguide may have a relatively large cross-
section for mating to an optical connector that provides the light. The waveguide 120
may carry the light through internal reflection, or any suitable method. The waveguide
120 may be rigid, semi-rigid, or flexible. The waveguide 120 is preferably a thin-film
structure such as one formed by one or more of several suitable fabrication processes

including: micro-opto-electro-mechanical systems (MOEMS), photolithography,



[ 0016] FI GURES 14A- 14D are schematics of the wavegui de conponent, the neural
devi ce conponent, and two possi bl e assenbl ed perspective views,
respect i webep11ai57t3ne wavegui de neural interface devi ce efCTASIEOOTI20
preferred enbodi nent; [0017] FI GURES 15A- 15E are schematics of the method of
maki ng a wavegui de neural interface device of a preferred enbodi ment; and
[0018] FIGURE 16 is a schematic of the nethod of naking a wavegui de neur al

i nterface device of another preferred enbodi nent. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS

microembossing, thermal nanoimprint lithography (NIL), combined nanoimprinting
and photolithography (CNP), and/or any suitable fabrication process. Example
waveguide materials for these fabrication techniques include but are not limited to
organic materials such as SU-8, Poly(methyl methacrylate) (PMMA),
perfluoropolymers, polydimethylsiloxane (PDMS), parylene, and/or inorganic materials
such as silicon dioxide (SiO.), silicon nitride, silicon oxynitride, and silica. However, the
waveguide may alternatively be an optical fiber or any suitable light-carrying waveguide
made of any suitable material.

[0023] As shown in FIGURES 1-6, the waveguide 120 preferably includes a light
directing element 122 that directs light laterally away from the longitudinal axis of the
waveguide (i.e., the directed light is aimed or travels in a direction having a nonzero
component perpendicular to the longitudinal axis of the waveguide). The light directing
element 122 may be one or more of several variations, including one or more features
that refract, reflect, focus, and/or scatters light, and/or perform any suitable
manipulation of light. In a preferred embodiment, the waveguide 120 further includes
an inner core and a cladding layer over the core, and the core and cladding material
preferably facilitate internal reflection along the waveguide. The waveguide may
undergo photolithographic processes to pattern the cladding and selectively expose the
core, such that the light directing portion of the waveguide includes the exposed core.
[0024] In a first variation, as shown in FIGURE 1B, the light directing element
122 includes a refractor 122a that refracts carried light away from the waveguide 120 at a

particular angle of refraction. The refractor may be located at a distal end of the
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distal end of the waveguide may include a reflector that is angled to reflect carried light
away from the waveguide at a certain angle. As another example, the distal end of the
waveguide may include a reflector 224 that reflects carried light back in a proximal
direction along the longitudinal axis, which may be useful to recapture light that
“misses” or bypasses other light directing elements. In this example, the reflected light,

which otherwise would be lost, is preferably given another opportunity to be directed

away from the waveguide 120 by another light directing element, thereby increasing



WO 2011/ 057137PCT/ US2010/ 055720 device is preferably insertable or
inplantable in neural tissue, and nore preferably brain tissue, but may be
used wi t hwargtigsrtsabl e ti ssue. [0021] The neural devi ce PCO/USamoONFTIRE t O
provi de structure for the array of electrode sites 112, and in sone cases,
for insertion and/or inplantation of the wavegui de neural interface device
into tissue. The neural device 110 may be a neural probe such as that
described in U S. Patent Application nunber 2008/ 0208283, which is included
inits entirety by this reference. Alternatively, the neural device no may
be any suitabl e neural probe or suitable structure. As shown in Fl GURES
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alternatively have any_ suitable shape or cross-section, such as elliptical
or redqrestiedted . toThecuselight tdetdargetedniisse. f Absinatizelye. e, langymayc have an
flexible interconnect coupled to an el ectrode substrate) or rigid (e.qg.,
el ect radjiestshiesandfcr cvatighbledfdcal dengthi thavaekibies the dieds dar facas, light at hear
rigid structure). [0022] The wavegui de 120 functions to redirect I|ight away
from tildeustalyledlisi@@ce away from the waveguide, thereby providing another dimension of
control of tissue targeting. Examples of adjustable lens include temperature-controlled
lens (e.g., liquid crystal lens) and voltage-controlled lens (e.g., ferroelectric lens). The
light directing element may further include any suitable number of lenses which may be
manufactured separately and modularly assembled inside the opening in the device
aperture 114.
[0027] In a fourth variation, the light directing element 122 includes a scattering
element that scatters carried light away from the waveguide 120 or back along the
longitudinal axis, in applications similar to the reflector. The scattering element may

include a distributed Bragg reflector, surface corrugations, an optically dissipating

coating, optically dissipating molecules embedded in the waveguide 120, and/or any
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neural interface device to optically stinmulate targeted tissue. In sone
enbodi nents, as shown in FIGJURE 6, the wavegui de 120 may further function
as a carrwenoavosotsher structure for providi ng structuralPCTugspawoinsirRo t he
wavegui de neural interface device for insertion into tissue. In these
enbodi nents, the waveguide 120 is preferably rigid or rigid enough to
provi de support for insertion into tissue. For exanple, the neural device
110 may be a flexible neural probe substrate, with the wavegui de 120
relatively thick and rigid and the neural probe substrate relatively thin
and/or flexible. The wavegui de 120 nmay be tapered, narrowi ng towards a
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[0030] The waveguide neural interface device may include any suitable
combination of the neural device 110, waveguide 120, and one or more light directing
elements 122. In a first variation of the waveguide neural interface device, as shown in
FIGURES 1A-1D, the array of electrode sites 112 is located on a front face 110a of the

neural device 110, and the waveguide 120 is coupled to or mounted on a back face 110b
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WD 2011/ 057137PCT/ US2010/ 055720 wavegui de. For exanple, the distal end may
i nclude an angled tip whose shape is configured to refract light carried by
t he wavegwDade11/08313anot her exanpl e, the distal end nay aadirtisesalosyr2@and/ or
alternatively include material having a different index of refraction than
the rest of the wavegui de. The refractor 122a may additionally and/or
alternatively be |located at any suitable |location along the Iength of the
wavegui de 120. For exanple, as shown in FIGURE 2, the wavegui de may i ncl ude
one or nore angled refractors 122a that each distributes a portion of the
carried light away fromthe wavegui de 120 through refraction. The |ight

di rect if”cﬂe%e‘?fifﬁﬁheﬁg% éEBfgg]%‘g«i Y Pt ARE 6104 W Ghe Yledif QBYLe rrﬁgf%p%,;s iC

suitatg)le Sl ze Oor s I'n"a second variation, as s

and 4A, .t i gh irecting ele t includes a reflector,122h that, reflects
o v Sithpfuacdatshe mehr I Gee Bo wed B ASinBLAR a5F dhf iR det
axis. The reflector 122h may_be a_thin filmof reflective nmetal, a mryor,
or anypostipnghithe prvay ofrelearoda sibes) andethehackdace aighifean agronnesye sidq ekt or
may be increased or decreased to nodulate the directionality or focus of

t he | i(ght‘behinid”) T frosft | fect. cPherifrobe facet dnethiaitvasiatips; the saurafdeviee 110
wavegui de 120. For exanple, the distal end of the wavegui de may include a

r ef | eqgireferabigitintladan ghexpertureafih ehht edende et thanbyckl faomankdefroay gei de
at a certain angle. As another exanple, the distal end of the wavegui de may

i ncl udgetap@thRCtQr is23dfdraBly & ehtQGIS h6R! Hu€dnh} Hiilul@Gkyi shi@bR a)érate

direction along the longitudinal axis, ich may be useful to recapture

| i ght t, y redsd i j I '

excanpi® o s M BE RS £ ORe SaUOLRET b e Sh! SEHPR SHETRR ot Porplls, |

gi ven anot her .o rtgnity to be direc @a fr t he wavequi de 120 b

anot hePoTAnCfaheae: 1 apeuf Pk chdgfioRily  abffly’ (etRufaty Shenide W

2011/ 057137PCT/ US201 /ﬁ55720 ef ficiency ff'f t he vvaotxlegui de n ur,gllrl interface

devi cdransicensrmaterial thob BeHRFs RAFS§RAINIBYL AFRINJMeaVREssiads-v B 2By at ed

at any_ suitable |location along the |ength of the wavegui de. The |ight

di r ectelergrasieesinnt11guaynds thetlight direstingeclemgneiz2 are prafenabdy lasptederdla@raios.

[0026]In a third variation, as shown in FIGURE iD, the light directing

el enenthe aperture 114 such that the light directing element of the waveguide 120 redirects
light through the aperture 114 to illuminate tissue adjacent to the electrode sites. For
example, as shown in FIGURE 1A, the array of electrode sites 112 may be arranged
around the perimeter of the aperture 114. The light directing element 122 may include a
refractor that refracts light through the aperture of the neural device, a reflector that
reflects light through the aperture of the neural device, and/or a lens that focuses light
through the aperture. The neural device 110 may include additional apertures that are
distributed along the length of the neural device and corresponding to a light directing
element.
[0031] In a second variation of the waveguide neural interface device, as shown in

FIGURES 3 and 4, the array of electrode sites 112 is located on the front face 110a of the

neural device 110 and the waveguide 120 is coupled to or mounted on the front face of
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includes a lens 122C that focuses light to a point away fromthe wavegui de
120. The lens 122C, which may be a tubular lens or any suitable lens, is

pr ef er ablwoconfasgusred t o converge carried |ight to a foealr/gseémisiyoe si de of
t he wavegui de 120, diverge the carried light, or direct the carried |ight
in any suitable manner. The |l ens may have a focal |length preselected to
focus light to targeted tissue. Alternatively, the |l ens nmay have an

adj ust abl e and/or variable focal length that enables the lens to focus

| ight at an adjustabl e distance away fromthe wavegui de, thereby providing
anot her di nension of control of tissue targeting. Exanples of adjustable

| ens ipgl t - CONLI O I Oeiracl 1,QUI d
vol t aBe ST TG FAREECRIICEP srRBRdhiten b3 e oAl PTG

el ement further incl.ude any.suitable nynber of |enses which.may he
ranuf ARUREOYE AT RORT ATy SRR SAGG <8 St Bhrerting G Ral ShaRNRY B0k e
devi ce aperture 114. [0027]1In a fqQurth variation, the light directing

el emeskample,; he|frertsmauated wavesijde iaetades @Hairagf@atlfzaa@n%é@? reftectorgtizbanay
fromthe wavegui de 120 or back along the |ongitudinal axis, in applications
si m | dight ditdetngefi¢reenivon thaistehend of nhe avaregniderthpt refradsdend/or seftactut ed
Bragg reflector, surface corrugations, an optically dissipating coating,
opt i cdighy atiansarpgé ithg ifuneinatessti sk adjactnit notthe areegilieldetrdd@ sitendinrAsany
WO 2011/ 057137PCT/ US2010/ 055720 suitabl e kind of scattering el enent. The

l'i ght aghofieGt dxagh Sk e ShowR Yn TIGIUTEE 2f fisd Wel€egiidle SHOUARY EndlHAOBhe ¥ more
scattering elenents. [0028] The wavegui de 120 may i ncl ude one or nore |ight

di reCtl{g‘g? ﬁ%ﬁ'ﬁ%ﬂ?&éﬁw {kﬁti}{m&? %lérgbte{}‘f‘e ?én"ggl‘i“b'ftthB'v@a\}ﬁgrﬂfe&%gh?ﬁ%&ﬁ‘@ach :

el emren I're ng el enerit s nay “be one or e variations
in any. suitabl.e conbi nati on, Furthernore, .the vequi deg 1 may. khcl ude an
o v angienb RS Bg IR AF ey AR BontloiGo AT PO, iy, TR hly e
and/or laterally along.the. wayegui de i.n any suitable pattern, .t hereby

di str iVﬁlYtegHtjiaec Q itgaougbg ﬁ?fré%ﬂ}l’f‘keg]ﬂ'ﬂ%’ W@@upa@qynglaﬁaﬁe Jighsrdiscotimer
Each light directing elenment may redirect a portion of the carried |ight
from #leinetiler ent point on the waveguide. In particular, each |ight

directing elenment may redirect a portion of the carried light at a
di f f ef@032]di st adnen Bliohgatihioh ef ghé wafveghidevwseneglinderface device, as shown in

FIGURE 5, the waveguide 120 extends laterally beyond the electrode substrate or other
portion of the neural device 110. In this variation, the light directing element may extend
laterally beyond the neural device, and include any of the refractor, reflector, lens,
and/or scattering element variations as described above, or any suitable variation of a
light direction element.

[0033] Other variations of the waveguide neural interface device include any
suitable combination of the above variations, such as one in which the array of electrode
sites 112 is located on the front face of the neural device 110 and the waveguide 120 is
both coupled to the back face of the neural device having an aperture and extends

laterally beyond a portion of the neural device, such that some carried light is directed
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[0029] I n sone variations, the waveguide 120 may further include a filter,
such as one that allows only a certain bandwi dth of |ight to pass. For
exanpl e, wo 2applsisati ons in which only a portion of ill eernst@d/osi7eseue i s
configured to be stimulated by a certain color or wavel ength, the filter

all owi ng that color or wavelength to pass may consequently allow only the
receptive portion of illumnated tissue to be stinulated, thereby providing
anot her di nension of tissue targeting. [0030] The wavegui de neural interface
devi ce may include any suitable conbination of the neural device no,
wavegui de 120, and one or nore light directing elements 122. In a first

vari at | t I | pt e devi : i l

17 o1 22 o I AT ORMERH DEhGefie A Shms G RRAAb s il o
of the neyral device 110,. and,the vegui de 120 is coupled to or nounted on
o back RS HIEe W Sa TR ST AP RS RIFEES 120 of |t he neur &l devi ce 110,
where the front face lice _of the neural device may be any suitable_ face of
the nd0034] devi dde(uniegwide RO iraprehrgbbisfosmedrseparataly) fmempdgiegteuraldeviee
portion of the array of electrode sites) and the back face nob is on an
opposilte, @idieoupfled vo thidréeunatidyvicae1d doring faasamblyres ddsexibed baloer. Howevers
variation, the neural device no preferably includes an aperture 114 that

ext endhke beivegeidetay Ahekndinel bathibgeilly foaned witle tlpaetral detitd (bgch as at
preferably a through hole, but may iInclude any suitable aperture such as a

gr at i RHe waférEehell dusmeSfabriehib R of Thd Wetegulde ABYrad HiteARLEdStHEMCT Ur e that
permts passage of light. The aperture may additionally and/or

alter el y i Rel e I . i . | ght
Fr om LROSSELY gu e EmbbaRICIS Dle (R ERAR, nbdRH REHALS RePRE A udd
directing. el enent, 122 e preterably | ocated yel ative to . he entyre 114
Such TRAIR SR drdar I craveubes, St P antaserts ity BUEST g
through the aperture 114 to jillumnate tissue adjacent_to the el ectrode

si tes%alﬁ@ﬁe%fa&@pé,ofaglsmmm i pnfegragign rflﬁﬁtlﬁl‘e Brandhesd anwipls 112
may be arra.r(lged around the perineter of the aperture 114. The |ight

di r ectwavggeidese and o muyiplsariage of eletirade mriteshenables targesngi efhdiffeareniugh
the aperture of the neural device, a reflector that reflects |ight through

t he apegiouseofotistine wisile akddeng ceveraldédioe and dostprimat of ehesegiipimght drd ough
the aperture. The neural device 110 may include additional apertures that

ar e diggténtallyeebdalcRngettbendl @88hBctdnst thea BRIlAEx@EYAlCOnABEH GO FASHRMIBIRY t O

a light directing elenent. [0031]1n a second variation of the wavegui de
neur alagi Mophd 3¢ FIBBMUIES, RS miPANdévice 110 may include a first branch 116a and a
second branch 116b, in which a first waveguide 120a is coupled to the first branch and a
second waveguide is coupled to the second branch. Additional waveguides may be
distributed on the first, second, or more branches of the neural device in any suitable
manner (e.g., two waveguides on one branch and a third on another branch, as shown in
FIGURE 9D). The branches may be positioned front to back relative to each other
and/or side to side relative to each other (FIGURE 7), or in any suitable orientation. As
another example, as shown in FIGURE 8, the neural device 110 may include a first
branch and a second branch passing through different access points in the skull, in

which the array of electrode sites 112 (or a subset of the array of electrode sites, such as a
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FIGURES 3 and 4, the array of electrode sites 112 is |ocated on the front
face lice of the neural device 110 and the waveguide 120 is coupled to or
nount ed owothe/dsront face of WO 2011/ 057137PCT/ US2010/ OBETAB2410m557Wr A
device adjacent to the array of electrode sites 112. The wavegui de 120 may
I ncl ude one or nore of any conbination of |ight directing el ement

vari ations. For exanple, the front-nounted wavegui de includes a refractor
122a and/or reflector 122b light directing elenent on the distal end of the
wavegui de that refracts and/or reflects light at an angle that illum nates
ti ssue adjacent to the array of electrode sites 112. As anot her exanple, as

shown ﬂo?tigﬁ ﬁfﬁﬁlﬁlu&eg%twgﬂgh%?e&@oﬁe@yqsgngft/ﬁfig?ﬂlt%ere%rdm g1d lg%'&'é sitﬁs)[ hat

di recting el'enent’s positione ong he wavegul suc

each i ght di,recti el enent distributes at, | eas portion of th rried

T aht i AAYPIEH IR ke bERiTed 3h¢ b eaaHE s epaBleda HecterBed hunticty lids.

or any suitable light directing elenept. []0032]In a third variation of_ the

wav egraachesfdheineusak dpvacesbd way bestl 1 12idy expdEas onganHexipleegiurigkd 120

extends laterally beyond the el ectrode substrate or other portion of the

neur alsubistraice Aternativelyi 8 partioat dbthe bhandheghin di singlei neural elerive may lext end

| ateral |y beyond the neural device, and include any of the refractor,

r ef | edlesible, ehie anndieo posidai betlietgraatkeemby barigitli ons as descri bed above,

or any suitable variation of a light direction element. [0033] O her

vari afpese] of t hewaxRGuidienoaudl fltetfateaERCE paa¥l iy FitehetdidicRIMes a circuit
board 130 that interfaces with at least one of the array of electrode sites 112 and the
waveguide 120. As shown in FIGURES 9A-9C, the circuit board is preferably double
faced (or “double sided”) and includes an electrical face 130a having electrical
components 132 that interface with the array of electrode sites 112 and an optical face
130b having optical components 134 that interface with the waveguide 120. The circuit
board may be a single board with two faces or two boards coupled back-to-back with
fasteners, adhesive, or in any suitable manner. By separating the electrical and optical
components, the circuit board may permit maximization of space on the circuit board
and reduce noise coupling. The waveguide 120 preferably couples directly to the optical
face 130b of the circuit board and the neural device 110 preferably couples directly to the
electrical face of the circuit board. This “modular” coupling assembly may be aided by
features to improve component alignment, such as fiducial marks, tabs, and/or
corresponding alignment holes 142. Alternatively, as shown in FIGURE gD, the circuit
board may include an electrical region having electrical components 132 and an optical

region having optical components 134, in which both the electrical and optical regions

are located on the same face or side of the circuit board 130. In another variation, each
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sui tabl e conbi nation of the above variations, such as one in which the
array of electrode sites 112 is |located on the front face of the neural
devi ce 1MWoand/shs7wavegui de 120 is both coupl ed t o thePbadals2diansesiod t he
neur al device having an aperture and extends laterally beyond a portion of
t he neural device, such that sonme carried light is directed WO

2011/ 057137PCT/ US2010/ 055720 away from the wavegui de 120 t hrough the
aperture and sonme carried light is directed away fromthe wavegui de from
the |l ateral extension. [0034] The wavegui de 120 is preferably forned
separately fromthe neural device 110, and coupled to the neural device no

durin S I i oW, : s i .

alter %%1 ively C%réﬁ?‘rﬁq%g%‘:‘ %ﬁfgﬁﬁe%%n\}mwpﬁéleﬁgeru&%é %g@ﬁgglec(os'ﬁ?%%neansts Qt’e't he
waf er | evel durj fabri.cati f the wavequi de neural,interface device).
[ D0ssihR Leseanhiarrution dtie el il dimmore R e dolon oL et
include mu) tiple branches and/or, multiple wavegui des caonfigured to .

i nt er RS2 FeRPARERS)-ckt oparvgEiaEigny 8if sHSUISDAaTd Juay inHedeadelding portions

o 294 ek gto i o SHMagaa bboh ! s sriae RSt s
array h: ; 1 ssue
whi | e reduci ng overall size and footprint of the equi pnent and potentially

r educiinguds tadigialsoaotenesd ilenswhen ahe foldirgs pottimnil fokledneet ithe m&arfaexefpl e,
as shown in FIGURE 7, the neural device no may include a first branch 116a

and a tpeenadithoangmeétind dbudsclo Awhiéalidvaysam seothdParlisti SRR Sdwip t he
first branch and a second wavegui de is coupled to the second branch.

Addi @nAlGIEN S RS, B Eh! BUARR O HhRs hilonERANfe b RIS

branches of 't eural device 1n any suit e manner ) wavegul des
on one_branch and, a.thiyd on ot her _br h, . as;sho in FILGURE 9D) .. The
or ancrBd A eulT sisdice UhE P EpEerd mak L FRUER He sBhiafh ST SRPEE o e
to side relative to each other (FIGURE 7)., or in any suitable orientatjon.
hS andusse . o raay advaHagyPushy ﬁhmpa@%l}lalf ReNSHBIALAN eletiectarayt heardiand ude
a first branch and a second branch i)_assi ng through different access points
i n t haedied noise pouyplinghor pidies incigeninl Btexachiods ogjthe sireunt bpard.alhagledrical t he
array of electrode sites, such as a

components 132 preferably include various passive or active electrical components,

bond pads for the array of electrode sites, a connector for interfacing the neural device

110 to external components (e.g., a flexible interconnect that carries electrical lines for

the array of electrode sites), current driver 133 for a diode or LED, control electronics

for providing a control signal, a battery power source, and/or any suitable electronics.

The optical components 134 preferably include one or more light collecting elements

137, light focusing elements 139, optical filters, and/or any suitable optical components.

The optical face may further include one or more light sources coupled to the waveguide

or waveguides. The light source 136 may be a circuit board-mounted light-emitting

diode (LED), a laser diode, a vertical cavity surface-emitting laser (VCSEL), or any

suitable laser or light source. However, the light source may be an external light source

such as a laser, laser diode, or one or more LEDs. Coupling light from an external light
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WO 2011/ 057137PCT/ US2010/ 055720 portion that includes stinulation electrode
sites and/or sone recording electrode sites) is coupled to the first branch
and t he wsoeguidel3s7rs coupled to the second branch. The pcanshes/osf724 he
neural device 110 may be flexible or rigid, such as on a flexible or rigid
substrate. Alternatively, a portion of the branches on a single neural
device may be flexible, while another portion of the branches may be rigid.
[ 0036] The wavegui de neural interface device preferably further includes a
circuit board 130 that interfaces with at |east one of the array of

el ectrode sites 112 and the wavegui de 120. As shown in FIGURES 9A-9C, the

circui I f I i es
an' ol SonFREstrp BLELE Hhald 1N R ShRlS RS Ecdu Bl Bhe A
with the arr of electrode sjtes.112 and an o tical fac 13013 hav

opt 1 cdPoEoAsBHishies” ¥50 thRgtehhpopt aaons RoRags b s Rysrae b ot B g
board may be a single board with two faces, or, fwo boards coupl ed

back- cenHmenti 119 dnkianhdior exaande;coapligs the lightsaiure apd éhewianeguidgynay
separating the electrical and optical conponents, the circuit board may
per m tinvelxé meuntinghany nupaee adreolleeting ebuments gy degndsphedgaklens; bigonvex
coupling. The wavegui de 120 preferably couples directly to the optical face
130b déng, dagoHconvéx haa) dndnfdctibiagndemahtsd ey Qegngraﬂieﬁtehﬁt@bcy(aibﬂb)l ]EE$IS,
directly to the electrical face of the circuit board. This "nodul ar”

coupl ispHeAeseTERAY bi@nveg 18hslefldn-éartl Ras) BetiBiOYRe QMR OpRREe @ndofEnt ,
such as fiducial marks, tabs and/or correspondi ng alignnent hol es 142.

Al ternate gﬁ de. C’i‘)ﬁpﬁﬂg% A §5 :‘?@%ﬁen% %ﬁﬁg%gqg@%hmgy%u%

el ectrica reglon ec rlca n opti reglon

havi n ptical 0 s 134 ch b h the ele

Fegi oRBoEhe PayeERE R LSRR LB e gl
anot her variagion, each WO 2011/057 7PCT/U82010/055 2 ace of the circuit
boar d Haj iSHE \eird i hREg Al GLthe cameaRae Bibtheex @HI@B%W@ sre?r%ctéve
each face includes a portion of the total electrlcal conponents and a

port i eleraentsheo direst tgptmithl infonpanant gyore | langiadinglly amovmted reavegnidest
board may include folding portions that fold over a main face of the

ci r cuiHoweardanysuitadaepliplingnfeaind inmay ponsedto cmuple bod liglt sourcgtd thecane e
136 that, when the folding portion is folded over the main face of the

Ci r cuigr rheay wlavegaedes. and couples to a wavegui de 120. In another variation,
as shown in FIGJRE 9E, the circuit board may include two faces that

sandw &66‘31 e Wa“f%%‘r'icgﬁoﬁg)@(tﬁ WaGH Lﬁ'deq%b';ﬁ%fe(rélﬁl?f fattHed ihclRaed Pblé?s\{ynga PIed or

i nclude tvwo separate sandw chi ng pl eces nmay advant ageous

nodul St r 0 i r S I A
ot her TREEARIc: P HPerenrbligne dhfolsh. 28 rsﬂlﬁ%‘l’%@z S ABUSRUCRY R, et
conponents 132 f er.ab |nclude var, ssi.ve or actlve | ectrica
conpongriSerRipl gk e iacess o PlREE o RS fenctiting Jhctivsets
interfacing the neural device 110 to external conponents (e.g., a flexible
i nt er @&MERY Pptseldr q dmpepve: modiarity gEdhe girocess apd/Ayr estemizatiangeot
sites), current driver 133 for a diode or LED, control electronics for
provi dfpn@iﬁa wareguide segradlinterfasat devigespoweh asdlor dbe spedifier custgmszattoabbe
el ectronics. The optical conponents 134 preferably include one or nore
| i ght shapé esiid ndisafilatot sofl3de dptadllyt poudony @aldrdiniehsioss, obpthecalverall
filters, and/or any suitable optical conponents. The optical face may

furth ‘%a\ﬂegﬁidéd The rlﬁgn}ﬁ rdif@tiig! dlgienfO £ ffayCAYP batonerdiied NaY ﬁﬁ%&?llpfhe
wavegui des. The t source 136 may be a’'circuit board-nounted

O LA R S G PSP .

However, the Ilght source may be an external | i ght source such as a |l aser,
| aser diode or one or nore LEDs. Coupling light froman external |ight WO

2011/057137PCT/U82010/ 55720
Waveguide Neural Interface Device of a Second Preferred Embodiment
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source or froma circuit board-nmounted |ight source may be acconpli shed
usi ng one or nore techniques, and the nunber of coupling options is

i ncr easedwbyougisng7nodul ar conponents 110 and 120. For exargsk@p/ossepl i ng
the light source and the wavegui de may invol ve nounti ng any nunber of
collecting elenents 137 (e.g., spherical |ens, biconvex |ens, plano-convex
| ens) and focusing elenents 139 (e.g, gradient index (GRIN) |ens, spherical
| ens, biconvex |ens, plano-convex |ens) between the |ight source and the
wavegui de. Coupling may al so use butt coupling that directly couples the

| i ght source and the wavegui de. Surface emtting LEDs may be nounted

verti (e.q. "S ' bgar . i t. Nyt he sane
Ci rcui(‘[?b%%]ar d ar‘lAi %‘F@E gfrf] ﬁglﬁg%sil\g)e%# el%felﬁ][ s‘g%‘%é)gtrﬁll@géte Efﬂel%;t)‘% Ef“lc(‘%i% \Egeone
or nore |opgitudinally nounted wavegui des. However, .any suitable coupling
reans 2oy 0ba el itrelestiyt Emtad e hindiies & PeuralASite 310 semLowuaBleln dos.
[ 0037] Fabrication of the wavegui de 120 preferably further includes

r el eadissge end nalpding gr arFdnet plecyods sitss @12 khauglecisplly omypaigeie wads |
and cut to a suitable, predeterm ned | ength. The process of buil ding,

r el easheig surtremdings, imgvhtitle theaogyiddel@2®desitdséndsdes bt laast ope geeording
nmodul arity of the process and/or custom zations of specific wavegui de

neur alelécpklef sitg atldvi o@segiside Roascdupled be thp@enfdl devitst oo dalticanried lighiape
and distribution of the optically portions and di nensi ons of the overall

vwavegylsies alhengit@dihalidxes tandd itIAAB N tah lopticABY @sSipabfgCpotid |80 angk
formed in the process of cutting or etching the wavegui de to create various

pr o1 orreor e O AR dn T B Sl B S BRA TSR oY JBe! efiufRFO°

F GJRI%I?e %i?ss%‘a%é iligh% B?ef‘é"l%‘ﬁ? %Ilja(\jzglsrigtuerra hy iavrxlfg}? rflfoarlr(l: %hg ?Slr{g(f&dinal axis from the

optically dissipating portion 222, and the recording electrode site is preferably

configured to sample illuminated tissue which may be electrically excited by the
illumination. The waveguide neural interface device of the second preferred
embodiment is preferably used in a similar manner as the first preferred embodiment.
[0039] The neural device 210 of the second preferred embodiment is preferably
similar to the neural device 110 of the first preferred embodiment. The neural device 210
preferably includes an electrode substrate that is layered over the waveguide 220, and
the electrode substrate preferably includes at least a portion of the array of electrode
sites 212.

[0040] The waveguide 220 of the second preferred embodiment of the waveguide
neural device functions to redirect light away from the waveguide neural interface
device to optically stimulate targeted tissue. The waveguide 220 of the second preferred
embodiment of the waveguide neural interface device may be similar to that of the first

preferred embodiment. The waveguide 220 may be cylindrical (e.g., an optical fiber or
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200 of a second preferred enbodi nent includes: a neural device 210
inplantable in tissue and including an array of electrode sites 212 that

el ectri cawbyooosmsni cate with their surroundi ngs, in whipCh/ush@oasiay of

el ectrode sites includes at |east one recording electrode site, and a
wavegui de 220 coupled to the neural device 210 that carries |light along a
| ongi tudi nal axis and includes an optically dissipating portion 222 that

di ssipates the carried light to illumnate selectively targeted tissue. At
| east a portion of the dissipated light preferably travels laterally away
fromthe Iongitudinal axi s fron1the optically di ssi pating portion 222, and

the r s I at ed
ti ssugﬁ%rdéﬂguﬁjl&ge el guﬁier %Sll y ‘excl ?agd)y Sﬁpﬂg Filﬁfhl g htleﬂd\}valﬁlﬂégw de
neural inter ace dev. second di IS prefer y
Lsod” MAEEaIde 12 Tl RS ke 0 gy ShEeh %@% enibociset Hie
neur al device 210 of the second preferred enbodi nent, is preferably simlar
to t hevavsanide 2p0 peeferablpinglpdes ppe or ppevecoptachllydistipaing pPoTHens,aap dhat
device 210 preferably includes an el ectrode substrate that is |ayered over
t he walissypatde lighd, avemd from dhecwavdgnidabseneal eingedhes aldvicd. ndhadeptieallyt east
a portion of the array of electrode sites 212. [0040] The wavegui de 220 of

t he selissiphtpigef portietserbodinmgntbefelohgatedyv Elgghtdponestir hatdeve csubbstmetialbns t o
redirect light away fromthe wavegui de neural interface device to optically

sti mulyaé@ntalageteBibtidals barcultte v vwaguiaiealdOsiRdpd Mehe eﬁﬁ@ﬁulﬁre kBapethnd
enbodi nent ~of the maveQU|de neural interface device may be simlar to that

of th r af | £/

(. g. teioBioR & diiicaly SRR T ary TS AL BRhLRENT AN, HRY SRPafiicaRin! i

cylln ica uj de in Fl st ant.i ana

Chi - tlerieg SRRttt A5 shpbing Trard aps A AipSsnidy Jferty frpsh
enbodi nment., the ve 220 prefera |nclud S one, or nore optical

di si paeTaly PeRY HTome %@2@)&%@1&@%@? o VEYAS U 2P Kb R dirainaed g
neural interface device. The optically dissipating Eﬁrtlons 222 may be

el ongdtaglsin ydiregam baving amnazers eupanenizpdrpendiculangaithe IO@IHudpmaI@esus
circular, or any suitable shape. The particul ar shape and distribution of
opt i calf rtlye siaysguyide). hepdissipatesl light ptefeeablydrastsubsameiailfivmifoppl intcensignasand
desired custom zation. As shown in FIGURE nB, the dissipated |ight

pr ef ergafangtibh @Yﬁﬁﬁah@é ﬁbﬁ% lthle fu@ygiide ol @nﬂ@i@fe’fraﬁlyfa@a faxicBoffof ditance
wavegui de 220 (i.e., the dissipated Ilght travels in a direction having a

nonzer, I t de).
R e G A A R R

functi i S ion
of ci SPHsALAGHS éﬂﬁﬁe%f’é‘ﬂ & TROUGRER BP0 b @%@ﬁ{s@ﬁ R ﬂ%%ﬂ%& 12
and 12D,. c entlon ical fiber tro rOVId h aX| only
one. aicptisal BHER B eSS DB TORE sttt conigal o ing fud o fabidny
uncontrol l ed scattering, canical_  spreading and a rapldly decl i ni_.ng

i nt endieclining latwmﬁsmfwtlenﬁ gistanes Japs the wakcatde §et- depeh Oﬁﬂm Pevage t he
devi ce when inserted into tissue). In contrast, as shown in Fl GURES

12B- 12fhen insevieddgto tHesuvdulmbonimasy ﬁasbomavlnd%l(ﬂéRES|1@Bd12ﬂrténemmr@naieabl y
enabl es at | east two-dinensional light with controlled scattering and a
uni f orauirslt Bneifhoe deviee fdesctibed hefreiti prefaxadlyaleanibles e leastegud-démensiohaligh
in sone alternative enbodi nents the device may provide light in any

sui t al}ig?t RatH ebntrefled iséattférh? hRA LRefem iRte@Rity ta%-a fffetion of distance along
2011/ 057137PCT/ US2010/ 0557

the waveguide, although in some alternative embodiments the device may provide light

in any suitable pattern of distribution and/or intensity.
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[ 0041] The wavegui de 220 includes an inner core 230 and a cladding | ayer 232
over the core, and the core and cladding material are preferably selected
such t hatwoheligsrs7and cl addi ng cooperate to facilitatePCHtusSeo1aloss720
reflection. The wavegui de 220 preferably undergoes photolithographic
processes to pattern the cladding and sel ectively expose the core, such
that the optically dissipating portion 222 of the wavegui de includes the
exposed core. However, the optically dissipating portion 222 may
alternatively be forned in any suitable manner. The optically dissipating
portion may include a dissipating material to further define the amount of

i ght (gdhfkfusi on.m.L J bt dif I opt 4 I
dissiﬁg?éﬁh porQﬁﬁggﬁggﬁ%@%égééécﬁ@eat&Hﬁgg%%%g%?géﬁﬁgfaé%%%ﬁﬁééx%ﬁ1%%%
anount of surface rooughness qof -t core, the specifi ropertie f the
oo gaet B o apdtie ogs Andrcddibng Shstesif §raPediibly RYRHERuER Par S ve
to the total_ wavegui de w dth, and wavegui de thickness. During fabrication,
many i%Pregindy|dladding neagperatiea ket @etitaien iperaalo sellsctioant Flag | wavegyids i2fing
for precise specificity in wavegui de features and detail ed custom zati on of
t he waprefgnably medesgodsntphotaitbogmphie porceasasartpbetpatiefn aplpd i caddings.and
[0042] I n one variation of a wavegui de fabrication process, as shown in

FI GUREelk3tvels egusef il abrd, agirh tlatndies oipaicalld 8lissipatemo Pdreidnopt® ¢f the
substrate 236, and a | ower cladding |ayer 232a of cladding material is

deposiwfghiRtedinciii@Udie &Yidse®oVE). HoRIeDE, Tle Rf;ﬁfc%ﬂ?@ﬁsﬁbaﬁﬂ% portibaA B
deposition process) onto the sacrificial layer.” As showmn in FIGURE 13B, the

core i j j t r ; 1.0

ner bt atBitERPBE RO gy SHRtaBlS HERHICE, PRE cRficaty RS Pb R
deposi ted.over the core 230, f. 0 b ogition and.patterpin a

nar a i tehie oefisGRiTeg ponth/CRSHhe) EBSR iBBRRPLBEM SRiGE Bl + 6
preferably patterned with_a suitable patternjng process that, selectjvely

r enov SENQUHY %Iplbéﬁ @?f&amnn@ait 513% OPHigokly aﬁé}nﬂtmgo%ﬁ%%% RYIAES it least { o
forn1the_qﬁtically di ssipating portion 222. The exposed core surface may
addi t ipamaally dependentalone theatameunt pé sustacarionghness ohytheureneh|thenspacific t o
formthe optically dissipating portion 222. The optional, controlled

addi t ipropertiea ofiths idissipatngmedienal( eidth ofi thieusiticallanlidsipataaporidmeelative
material) to the exposed core may further affect the amount of I|ight

di ssi patth@fotahatavefledertideiR! dnd Wheshnaé tngkRedst D%Ii\ir%l’ favtideton, MadHef not
variation, as shown in FIGJRE 13C, a coating |ayer 234 of a |ight

powaer o e Aot thy F ARCH oM, BRI PSR TREN Y e
-t a d’and patterrled over
ot or oAl pteds B D Byl bl Ppu s A0 R e R B Dyl 10

and 5T580’932’ qhicg are incorporated in their entirety by this reference.
The dit9s? BaRPYPLARPEFAEPS-s preferably bioconpatible, has a refractive

i ndex greater than that of the waveguide core, and has | ow optica

absor {094, | n dRctseyarigiaaef aiwavesnide frbgcyion peogesgy s diosgl putlGHRE
materi al may be enbedded in the exposed core using ion inplantation or

di f f usBdn acvacsifigiah payerprfi materimd a8 of deprsétedi orgo Feubdieata3H, and a lower
wavel engt h-sensitive |ight dissipating nolecules could be applied to

di ff ercﬁﬁidiﬁ%dﬁyér" obpat dfe claddagyimigedinl Vardepusitb@c@id. omhgotgh SEVBLIHREVD,
control light em ssion as a function of wavelength (e.g., provide spatial
cont r @hirffink | kel RIH ahPsufABlN@EpSHITBRSIOReR) S IIPRI ZREHRM lafsiCAaS
that described in U S. patent nunber 7,194,158, which is incorporated in

its e@hbwﬁt #h IE’PGItJﬁESlg'B?ftﬁé &Bfmaterial is deposited onto the structure and patterned

to form the inner core 230. An upper cladding layer 232b of cladding material is

deposited over the core 230, followed by deposition and patterning of a hard mask. The
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WO 2011/ 057137PCT/ US2010/ 055720 [ 0043] Depositing and patterning the
optically dissipating |ayer nay alternatively be perforned before
deposi ti nyotzhe/aspeer cl addi ng | ayer of cl addi ng mat eri alPCTR®Ro0OaI72ON Of

t he wavegui de 220 preferably further includes rel easing the wavegui de from
the substrate through any suitable process, and cut to a suitable,
predeterm ned | ength. The process of building, releasing, then cutting the
wavegui de 220 may be useful to inprove nodularity of the process and/or
custom zations of specific wavegui de neural interface devices, such as for
t he specific custom zation of shape and distribution of the optically

A ¢ or RReD S 895 220 e RR B el P i gl R 0 orpessiha,
ehodHEAREEly TRE G B MbPeh GeTite LhEF RavBaRan: BotsTieny ThE Ch: NEBMALN00

mm | ong and/or up.to 200 vmin thickness, depending on the appljcatian.

[ 0044]to¥mdhe aptically idissapaimps Poriomeeegdingexpased gece sudaeemgy agddigonally
(supplied by M croChe and cl addi ng | ayers of Cytop CTL-809M (supplied by
Asahi aBddes)altetpaiyely nbé ugaturizadower amyndentable meanmen itonfornx1the4pptically SU- 8
(n-1.59), such that the conbination of the two materials forns a wavegui de
W t h ididsipatidg pefticcbearThelbptisadl conizcoléd hdgheion dfowdissipasitgdi mgdiuay €¢.g,
core, and upper cladding |ayer are preferably formed as descri bed above.

The URREHSsiGE %ﬁﬁyélgsda@ﬁé?fnfgi atdtti) RAtHEEGRAedcbie Ay TuVTRR abedSiiR diflogNiPose
and roughen the core surface. A dissipating |ayer of alum num oxide

i | . i i.s. ti{er i i ;

pper TG A AL B, AR S RE R LA ROt PEREIRE
buf f hydr of | [ id..Th ide i el d h

DU e PR T, 8y o508 5 !, b S0 B PRR Sl R
o it oA 1o B SRS oS ah? sOablmBletEl

deposited and patterned over the exposed core. For example, the addition of an optically

f
) ?nay be

dissipating material may be similar to that described in U.S. patent numbers 5,946,441
and 5,580,932, which are incorporated in their entirety by this reference. The
dissipating material is preferably biocompatible, has a refractive index greater than that
of the waveguide core, and has low optical absorption. In another variation, molecules of
the light dissipating material may be embedded in the exposed core using ion
implantation or diffusion or any appropriate means of embedding. Furthermore,
wavelength-sensitive light dissipating molecules could be applied to different “ports” in
the waveguide at various locations to selectively control light emission as a function of
wavelength (e.g., provide spatial control of light output for another dimension of
customization), such as that described in U.S. patent number 7,194,158, which is

incorporated in its entirety by this reference.
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[ 0045] I n anot her variation of a wavegui de fabrication process, as shown in
FI GURE 14, the waveguide 220 is an optical fiber with an internal core 230
and an owvenotlwaddTng | ayer 232 around the core. Sim | aPCrastoe/ofinest

vari ation of a wavegui de fabrication process, the cladding |ayer is
preferably patterned to selectively renove the cladding | ayer to expose
and/ or roughen the core surface. The exposed core surface may additionally
and/or alternatively be texturized in any suitable nmanner to formthe
optically dissipating portion. The optional, controlled addition of a

di ssi pating coating and/or enbedded dissipating nolecules to the core

al t L?ﬁé???yg E?Ltcﬁ;eiioesfiﬁ{%ﬁ%%gﬁfﬁﬁé%?ﬁé E&E%@f%fﬁ%%%@%gﬁﬁi&bgéz ?ﬁ%@*&%ﬂ%:. s
P N 5,,946,.441, A "Li - dj ' ' . [
Fi ber PemBEHORCa SR BeRGMERA - HaF i Reselaodiie et v elocEing whbii g

light froman optical fiber", which is incorporated in its entirety by this
r ef er diabEication 8] thgevayeguider 320 Justarablydusther jaclydgs aplegsipgdheyaveggide
preferably | ayered over the wavegui de 220, and nore preferably in such a
mannerframahetdubsoptd daohgh dinysiyitabla prewss,i and oft the sniablpyiptedétermitieak ent
to at least a portion of the array of electrode sites. The wavegui de neur al
i nt er flagghd€lé peodBy of balldithg, pelpasing tthbh @utttmbilivalhvsguide 2de niBbahsadgli ce
210 and wavegui de 220. As shown in FIGURES 10 and 14, in a first variation,
the eligClinipidReSuRIAUIAIE oS tNE FRBES ARG ElRoMEMRIINSISE 3BEkifik Mwhttighide

variation, the el ectrode substrate preferably includes at | east one

apert . 0 0R.7 C S1:1.0.:

opt 1 cAlEy AR Aol e R R R i A Rt o

di ssipated light s scattered through the. aperture to illumnate

1 soult i By aRS Rt ile) oGS b o REIT ro ey Prsraly Balfhie,
wr appi arqund the vegui de 0, or may be forned a[Htg r wWrapping around
t he Mﬁgﬁjaﬁ%@ veih4 fgghisnath pﬁﬁ%mve&lﬂ% R B135aR R drvith mshet hgrche
formed in the wavegui de 220 before or after wapping the el ectrode

subst magask priou tel releasevinpay thelsubsiratee bis someppreférsed emhatdemenisarhefoverall

el ectrode sites 212 is preferably near or adjacent to the aperture 214 such
t hat adengthasfttheneavegaited2 oy nedyebé betleeai §e1ddmumidnganddort op farguicepum in

illumnated tissue. The aperture 214 may be substantially rectangul ar,

ci r culiB{cknBdd, depékdihg oArthdaRyphivhig! € shape. As another exanple, the
aperture 214 may be elongated in the direction of the |ongitudinal axis of

5 5, USRS ey mtae i o sl
ooy antisfoCh By PR BRadhRE tarets 5% Cafon T R ERE Sied v S SRsdP FiigP ©

portign 222. The el ectrode substrate may be permanently attached to the
wavegan%légigw QWAL t1Rdex | ofs rﬁ§§¢tfqlbr\(nr=éi3ét)i thany $U§e avajuisyehi thati ey,
Alternatively, the electrode substrate may be non-permanently attached to

t he wavsgunaiaon sefcthe o matcnias riarmdey i wavagsidaljwith abtesnal seldeation. Byt h
and/or in rotation around the wavegui de 220, such that the aperture 214

act s aacuficial dptee, Yowelovladdatg &eleectoneelandabippes claidding flayam dreepaberiabhl | v
di ssipating portion, thereby addi ng another di nension of custom zation. The
di ssi ga#aed las @escib&d aba. wﬂmwwa@ahng@f i9théR pattePh &N Gty a@ ®xfgen

function of distance along the aperture 214. Further, the el ectrode

subst gﬁ&ﬁn | ekPGdeisicd TUhIHAR TrcPRfbSUEBRe. £MEISAALERRP S AirhfudA oxide

optic ssipating
approximately 300 nm thick is sputter deposited in place of the removed upper cladding

layer. The layer of aluminum oxide is then patterned using buffer hydrofluoric (HF)

acid. The waveguide is then released from the wafer and diamond-scribed to a desired
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WD 2011/ 057137PCT/ US2010/ 055720 portion. The nunber of apertures in the

el ectrode substrate may be | ess than, equal to, or greater than the nunber
of opti cawbyodiessispati ng portions. In one nmethod of fabPCctatszan/si7he

cl addi ng renoval and aperture 214 may be created sinultaneously using |aser
abl ation, followed by the deposition of the diffusive nedium
Alternatively, the cladding renoval and aperture formati on may occur
separately using any suitable technique such as ablation or selective
etching. [0047]In another variation, a dissipative portion 222 may
alternatively and/or additionally be deposited or otherwi se integrated in

t he el o] bsi.r . LS. -uard ahi . & j i tively
removdd o i (R SEDEE: A e RHER e 1 B (i RELEBL APg g d
realized in the el ectrode substrate and not directly on the wavegui de.

Al i gnd8ft of the diffusive layer to the corresponding cl addi ng occurs

during assenbly. A transparent adhesive nmay be applied to inprove |ight
coupl 3%45]0 t he Igi aneidiey evarigioan of [0 ouspgwids Bbrwationapiagesssms aB0wWHolN i n
FI GURE nA, the wavegui de 220 preferably extends laterally beyond the

el ect AG&TRE hgt thatveaveguiatenero ant ojpticad fibehevithean altedel core 29@andiad cmere
preferably the optically dissipating portion 222 of the wavegui de 220

ext en@taddhgrialéry oBeyainidnehelcod.r sERilsUBS tihat firstASarsenn dfna Rl4kdzatle
12B-12D, the dissipated light preferably travels laterally away fromthe

| ongi tedhi Bt orPXctesd, thB%lé’(‘ﬁHﬁ%‘r}]ﬁ%‘f i% %Pef@%lﬁ’?ﬁft@fﬁéd b HASciRMRP %élfﬁ%){rz]@‘tc}#ﬁ’ .

uni form i nt ensFty as a functi . stance” al ong the wavegui'de.

AT R T R R A
additionally and/or alternatively be texturized in any suitable manner to form the
optically dissipating portion. The optional, controlled addition of a dissipating coating
and/or embedded dissipating molecules to the core surface may further define the
optically dissipating portion. Additional alternative processes for creating the
waveguide 220 are described in U.S. Patent Number 5,946,441, entitled “Light-diffusing
device for an optical fiber, methods of producing and using same, and apparatus for
diffusing light from an optical fiber”, which is incorporated in its entirety by this
reference.
[0046] The electrode substrate of the neural device 210 is preferably layered over
the waveguide 220, and more preferably in such a manner that the optically dissipating
portion of the waveguide is adjacent to at least a portion of the array of electrode sites.
The waveguide neural interface device may include any suitable combination of the
neural device 210 and waveguide 220. As shown in FIGURES 10 and 14, in a first
variation, the electrode substrate is wrapped around the waveguide 220. In this

variation, the electrode substrate preferably includes at least one aperture 214 that
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WO 2011/ 057137PCT/ US2010/ 055720 di ssi pating portions (FIGURE 12C) to create
di scontinuous illum nation along the I ength of the waveguide. [0049]In a
third varwetooms7e88 shown in FIGURES |i C and ii D, the waeegiseae/022700i s
preferably nounted on a first side of the device 210 (e.g., the top of the
device 210). In this variation, the optically dissipating portion is

| ocated on the wavegui de that such that optically dissipating portion emts
| i ght through the side of the wavegui de and/or through the top of the
wavegui de by diffusing and/or scattering |ight along the | ength of at | east
a portion of the waveguide. The optically dissipating portion nmay be forned

on an UL AN PAREop 5 IRTFA R DAET 25 Tink L0kt 0% SN ARl e

di rection. ar t ation, € wave y Include a

si ngl e,.cont.i nyous .opt i cal di ssipatin ortign.gr two Qr nore separate

oot L odlirgpared dRnd it ReaiBed Yuinueh P anarul e dhfimot@e st Fuf RBRES g
the length of the wavegui de. One advantage of such a device is to create
uni f or2HiTHEE RS foymed in et neurah dewiea 210) R te, BrapRingeoupddhg wayeguide

el enent and do so over a relatively |long spatial dinension, such as the
angl e@2edge nstydvinformed| afyREViapging @esadAbe syaywguide. EindbRENOnR the hptically
wavegui de 220 may further include a reflector tip that reflects carried

| i ght dissipatinghpottioigbbpdhapbe darmed Thehe efdvegtide dd@befoye loe asiemivirapping t hat
described in the first preferred enbodi nent of the wavegui de neural

i nt er ftRE eledvide SubSyateairbBAH tRE waRksuibe. At BASt Dp6KicH MGeldieay MMAbdtpsial
axis, light that otherwi se would be lost is returned al ong the wavegui de

tzﬁgr L%&e?ﬁi&‘rﬁgffi g%seféfcﬁl}é :?feetra]g 35} hajaeuan S Rhe Ak fiAtk! 10558 RAA 98 18R LoD,
recording electrode site is configured to sample illuminated tissue. The aperture 214
may be substantially rectangular, circular, elliptical, or any suitable shape. As another
example, the aperture 214 may be elongated in the direction of the longitudinal axis of
the waveguide, as shown in FIGURE 10. The aperture 214 of the electrode substrate is
preferably similar in shape and size to an underlying optically dissipating portion 222 of
the waveguide 220, but the aperture may alternatively be smaller or larger than the
optically dissipating portion 222. The electrode substrate may be permanently attached
to the waveguide 220 such that its position relative to the waveguide is fixed.
Alternatively, the electrode substrate may be non-permanently attached to the
waveguide, such that the neural device is adjustable along the length and/or in rotation
around the waveguide 220, such that the aperture 214 acts as a movable window that
selectively allows light from the optically dissipating portion, thereby adding another
dimension of customization. The dissipated light preferably has substantially uniform

intensity as a function of distance along the aperture 214. Further, the electrode

substrate may include multiple apertures, each corresponding to an optically dissipating
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WD 2011/ 057137PCT/ US2010/ 055720 [ 0051] Addi ti onal variations of the
wavegui de neural interface device may include any suitable conbination of
t he neur avodeuise13210, array of el ectrode sites, and wapegaisde 023720 For
exanpl e, the wavegui de neural interface device nmay include both a |ight
direction elenent of the first preferred enbodi nrent and an optically

di ssipating portion of the second preferred enbodi nent. [0052]In sone
enbodi ments, simlar to that of the first preferred enbodi nent, the
wavegui de neural interface device of the second preferred enbodi nent may
I nclude mul tiple branches and/or nultiple wavegui des configured to

| ntert %?ﬁom 'i'ﬁ'? ﬂigiﬁbeé’r%ﬂft re?t%lrgyﬁ} ﬁ{ea{:lie?tzg(g% sﬁ@&r&%q{lﬁé BR llé(ssitﬂﬁil,ug al3o,

circuﬁ{ oard interfaces win “one o array o ectrode

o es Snd e WieaLde, e oo e e Phent

3. Mot r%éljt()jri((:)e{ctiopr\ls, §c}(?gi(:‘fllaidggngarevr\lilél(\)/\?a lejling%p’g?tlljlrrg |214|1 rrllge?yrtf)ea gr%a‘?e?ivsiifn?ﬂtaneously using
laser ablation, followed by the deposition of the diffusive medium. Alternatively, the
cladding removal and aperture formation may occur separately using any suitable
technique such as ablation or selective etching.
[0047] In another variation, a dissipative portion 222 may alternatively and/or
additionally be deposited or otherwise integrated in the electrode substrate. In this
variation, the cladding 232 is selectively removed from the waveguide but the light
dissipating material may be realized in the electrode substrate and not directly on the
waveguide. Alignment of the diffusive layer to the corresponding cladding occurs during
assembly. A transparent adhesive may be applied to improve light coupling to the
diffusive region.
[0048] In a second variation, as shown in FIGURE 11A, the waveguide 220
preferably extends laterally beyond the electrode substrate or other portion of the neural
device 210, and more preferably the optically dissipating portion 222 of the waveguide
220 extends laterally beyond the electrode substrate. As shown in FIGURES 12B-12D,
the dissipated light preferably travels laterally away from the longitudinal axis of the
waveguide 220 and preferably has substantially uniform intensity as a function of

distance along the waveguide. In this variation, the waveguide 220 may include a single

continuous optically dissipating portion (FIGURE 12B) or two or more optically
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[ 0053] As shown in FI GURES 15A-15E, the nethod of nmaking a wavegui de neur al
interface device S300 of a preferred enbodi nent includes the steps of:
provi di ngva 2naunsai37devi ce that includes a plurality of eCegaSecadosznees
S310, providing a wavegui de, separate fromthe neural device, that is
configured to carry light along a | ongitudinal axis and includes a |ight
directing elenent that redirects the carried |light away fromthe wavegui de
S320, providing a circuit board, separate fromthe neural device and the
wavegui de, that is configured to interface with the plurality of el ectrode
sites and the wavegui de S330, orienting the light emtting el enent of the

wav egu: ! | ar i af | |ati. ve: h u

dovi oSS JRR TR 1987, o s SRS Dy Bl B Boba o TR o
angul 'gu oili nﬁati on i.a based on a selected direction of redirected |ight;
and cotht ﬁﬁt Q¥RVEsHHEt ure of the group S350 conprising the neural device,
t he wavegui de, and the circuit board to at | east one of the other )
strucl004d i n t e yitlbag variatign, @b Dewm IhFICHRER 6:C andi HY. tthe waxesyidele at
the predeterm ned angular orientation relative to the neural device S352.

[ 0054]2Pioeisnpehardblyf momkiath on efivgiveadrioti thendaviae 2i0t(erd ade wpvofctheSkoddcd s a
nodul ar, cost-effective approach that has several potential advantages.

Fi r st ,21bhelnnghlidrostiaeon, phe wptiealy divsipaingglortionds lddaded ofiithe evalvbguidathgii de
can be rotated along any axis to transforma planar x-y dinmension into an
ef f ectshvg thaﬁé?ﬁcﬂ'lﬁﬁib%iﬂiﬂghﬁbrtw eehit HERIMIBQUBR el dill€ Witthe OwvafdsuRYE -
Second, the nethod 'nmay enable manufacture of custom wavegui des neural

|t er 2600 0B 6ER 1h03bn A TnE ANRBLSIAR LY SIRANIORET] & GaldhuaTINAL | Bhe 1O | ©

avoi ding’ cos yre pro at “wou er'w se occu

ds, if ide.and | dewui d .
vt or e A RS bORIADGS T Reb ity EpE Bt ERI SRR e ey i e

neural_ interface device design is | arge that [t inpedes .t .
profi ommed O &Y pridalilg) gy S cAng/Qrclfic do e 1 HBOPIB’aWIPﬁ%Z? AbiestioR; s
problem transcending the practical limts of a wafer-|evel approach.

Thi r d Sixfler e thosecony vasiadioa: thevayeguide sy inpludaa aglesconsnueiis hpticalhe
neural device or wavegui de fabrication, thereby inproving average yield and
| ower idigpipateng lporidos torofwe e fioneal separdie naitically wdissgatidg putioak tontreafeace
product. However, in alternative enbodi nents, the nethod of naking the

wav egdist®nitiguoab illimeidtasiealdayithe 16mthi ofche deavapiidel Onld dvast of dueh a
exanple, a portion or all of the neural device, waveguide, and circuit

boar d £oRA8EH Fed®Xuliforhf ik gL o ligheth hbed tRs6E vbRjAL YRar the diffusive
element and do so over a relatively long spatial dimension, such as the angled edge
shown in FIGURE 11C.
[0050] As shown in FIGURE 14A, the waveguide 220 may further include a
reflector tip that reflects carried light along the longitudinal axis. The reflector tip may
be similar to that described in the first preferred embodiment of the waveguide neural
interface device. By reflecting carried light back along the longitudinal axis, light that
otherwise would be lost is returned along the waveguide 220 for potential redirection

through the optically dissipating portion, thereby increases efficiency.
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WO 2011/ 057137PCT/ US2010/ 055720 (e.g., fabricated in sequence with any

phot ol i t hographi ¢ processes and/or any suitable technique, w thout the

post - f abrwoavilos’egsenbl y descri bed in nethod 300). For pexarspdie/osihe neur al
devi ce and the wavegui de nay be fabricated together in sequence as an
integrated structure, and then coupled to the circuit board after
fabrication. [0055] The steps of providing a neural device S3l1lo, providing
a wavegui de S320, and providing a circuit board S330 preferably include
provi ding a neural device or neural probe, waveguide, and circuit board
simlar to those described above in the first preferred enbodi ment | oo

and/ on 058P ”ﬁa 5 rA?é(ﬁ{iBﬁg x%?%?%h@%’i’&h@%gé’%%lihg i%ﬁﬂ’f?‘éﬁﬁ{:@rﬁa%{s Qi%%}fc%'m J?gecﬁ%gegf ce.

devicé ernatively include I g any suitabl e ne
i oug

wavegui de, and/or circuit beoard. Furthernore, alth the thad is

o' oy suiftlec Forfbiafion, Of Ui, sl cORatH 1o ARy dlechewPas Sies mind i ¢ st
preferred enbodi nent, the _nethod may be perforned tqQ assenble that of the
secondvayesrisier220. disssxarte. thewayresidemengl payrige device mayamchidghadld de
neural interface device preferably having at | east separate neural device
and wdightulicketionngdement of thedirpepredoged donbodinednt yaridagn mptizaly pissipating
circuit board conponent. [0056] Step S340, which includes the step of

or i entporgon o€ thé gdrondipreferigdembedigmdntof the wavegui de to a predeterm ned
angul ar orientation, functions to set the direction of redirected light to

a par foes2pr di MR embddpents isﬂnﬁé%ﬁla]&ﬁ’théHﬁ‘s§§>%¥eﬁ%d%ﬂ1_§&liﬁ&édﬂ9 the

l'ight "directing el ement pref erably i ncludes rotating the wavegui de about

e | QPR Rica Blie RIS 8 ool BLAIT B RN e

%i/:gdg fpﬁ{})@?ﬂ&%g@l@yﬁsﬁgyﬁmgévlv?e\fr{latgu?@est g(?ntllgllgg(& t((j)I irn(’:f‘é:rtfellcnegw‘f}tll*leH}’:fpetrercl)’ec the
regions of tissue, and preferably includes a circuit board that interfaces with at least one

of the array of electrode sites and the waveguide. The circuit board in the second

preferred embodiment is preferably similar to that of the first preferred embodiment.

3. Method of Assembling a Waveguide Neural Interface Device
[0053] As shown in FIGURES 15A-15E, the method of making a waveguide neural

interface device S300 of a preferred embodiment includes the steps of: providing a
neural device that includes a plurality of electrode sites S310; providing a waveguide,
separate from the neural device, that is configured to carry light along a longitudinal
axis and includes a light directing element that redirects the carried light away from the
waveguide S320; providing a circuit board, separate from the neural device and the
waveguide, that is configured to interface with the plurality of electrode sites and the
waveguide S330; orienting the light emitting element of the waveguide to a

predetermined angular orientation relative to the neural device S340, in which the
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WO 2011/ 057137PCT/ US2010/ 055720 wavegui de along a | ongitudinal, lateral, or
any suitable axis S344. Orienting the waveguide in this manner preferably
enabl es awothawosdi3mensi on of spatial variance al ong anoPl@mUSax®55720
particularly features typically in an x-y plane to becone features in the
z-axis when rotated relative to the neural device. Step S340 enabl es
further custom zation of the wavegui de neural interface device. [0057] Step
S350, which includes the step of coupling each structure of the group
conprising the neural device, the waveguide, and the circuit board to at

| east one of the other structures in the group, functions to fix and

asse f o) r J |, qi rface
dovi o e EEmBLE EAMIRS oBen{ RIS Rk BLENEE WRVERH OF (it Red 1)

pr edet erymi ned. anqular orientation relative to the neural devi,ce and/gr

o1 r cuidtidn 6aIRling ogh STUSIBEs Of G, FND SapotRPES e ticmegEy: device, te
wavegui de, and circuit board) nmay be nounted or attached in any order, In a
first Wavesuidepand 4Be sHSWH hoard tegakieast one Hf dhe otley stregtumrssinddie iRy, the
wavegui de and the circuit board to forma wavegui de-circuit board structure
S362 avhick cappling indederelixialg theotavegnilet dtetheepredeticteinéd engulabosiedtation
structure S364. In this variation, coupling the wavegui de and the circuit
boar d rER%ecnayhé nelnalidecioe SR52g t he wavegui de to an optical face of the
circuit board having optical components and coupling the neural device to

an el 300541961' TagR plethéie o‘f!Iﬁﬁlﬂh%j%@%gvég%ﬂé’ﬁeﬁfa@thérféﬂe &OAROBEHbSs 4 N a
second variation, as shown in FI GURE 15D,” step S350 i ncludes coupling the

neur al Lece d i i o f LCe-Cl I et rd
atr oo BES s et AfE) MBS bk savEeh PRYAR AR st
board strugture S374. .l.n, a third variation s shown.in FlI GURE 15E, . step
S350, MEebaE supIidh iEh apaloLha idh ot e iR T A b B SO ki
2011/05713ZPCT/U82?10/055 20 wavegui de: neur al de&jce structyre S382 ﬁnd
coupl iy THE 1 LFAFLOITA o PERVAS K- HEMERFEHL ITHE - He GHEF U iagss dimefsion dhakgy,
In summary of the variations of_steg S350, any order of assenbly of the
neur alwaiddiotkerwige bg difficuliria achieyei bedswgs thermethed nzaydenably moswtaeduraef
wavegui de and the circuit board, then couple the neural device and the
wavegueudmnei waueguidearwewstl victtenface (@yvicesupha tane capabdd olfe vieg®naspkcifive
circuit board, then couple the wavegui de and the neural device-circuit

boar d iBtfigtidre; while @¥bidiRgRbst hha yeMepriblemanthat Reoul@ Withbrwigy idegur.t ReN
couple the circuit board and the waveguil deneural device structure. In any

of L NeRRon @b liP[IRe Rhyahfife FAhetAUBNNTat el bt BRAMI:AetdI® then
wavegui de may I'nclude coupling an optical coupler that transfers I'ight from
alig S t i de f iat] ep. S350,
coupt ity B8 18, SRR e uBRenS ot WERERL : RedrBRan Bttt R
intercpnnect (e.q., flexible intercopnect) between the neural devige and
e c QR spmidree ot dhdmaeder BE proBiDgy-of Lhe Shle dhail Agiet, T,
may i nclude |ayering or stacking two of the conponents (e.g. layering the
neur almeiBerlc@oQesTcome ks PEeRIERY, trapssppiing GisePrashpdlnkimits(@f @ watey-tays!l ng

t he neural device over the wavegui de), connecting end to end (e.qg.,

coupl iapgproduh. dhirhithe bedhod tay=aepardtalyiadddssoks itheneaspert ofleitheetherneural
wavegui de), and/or any suitable coupling step. Furthernore, in other
enbodideeivesoranavdduddé fabridagione dhéely doippoviant scomye Hield and doweddg toverall
indirectly couple any two of the structures. For exanple, both the neural
devi ceoainthft bige WRYAI YA INRYoP SwaRILRI®RI Adura] GATETRiLeDPPEISHC NHBWeRerCaN | €T,
wi t hout the neural device and the wavegui de being directly coupled to each

Ot Ner .ajternative embodiments, the method of making the waveguide neural interface device

may include any suitable steps. For example, a portion or all of the neural device,

waveguide, and circuit board components may be fabricated in an integrated fashion
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[ 0058] Step S350 of coupling may be performed manual ly and/or with machine
assi stance. One or nore of the conponents may include features to aid
conmponentwOM 12311/ 057137PCT/ US2010/ 055720 al i gnnment, s®RCh/tsg00iogiresd al

mar ks, tabs, and/or corresponding alignment holes. The steps of coupling
any two of the structures may include applying an epoxy such a nedi cal
grade epoxy (e.g., Epoxy Tek H7/0E-2 or 320, which is designed to shield
light) or a UV-curable epoxy, or using fasteners, or any suitabl e adhesive
or other nmeans for coupling. The steps of coupling any two of the
structures nmay additionally and/or alternatively include applying a polyner

per sonce PaRE e tprEabr b ol BRI OHAbHERRG Brdoelr gy i1

perso gni ze previous 'deta

T

from te?igmsp(lzeo, F‘)[ﬁe (rjlfeu;[*eﬂidsevicgva%r(]ittih% rlvgvee]:g{lindeedmg}r) bte r%e(labrfié)e{tle((i) \’é\égne%hgrl i%i srg(slilence as
an integrated structure, and then coupled to the circuit board after fabrication.
[0055] The steps of providing a neural device S310, providing a waveguide S320,
and providing a circuit board S330 preferably include providing a neural device or
neural probe, waveguide, and circuit board similar to those described above in the first
preferred embodiment 100 and/or second preferred embodiment 200 of the waveguide
neural interface device, but may alternatively include providing any suitable neural
device, waveguide, and/or circuit board. Furthermore, although the method is primarily
illustrated with a waveguide neural interface device of the first preferred embodiment,
the method may be performed to assemble that of the second preferred embodiment
(FIGURES 14 and 16) or any suitable waveguide neural interface device preferably
having at least separate neural device and waveguide components, and perhaps
additionally having a separate circuit board component.
[0056] Step S340, which includes the step of orienting the light directing element
of the waveguide to a predetermined angular orientation, functions to set the direction
of redirected light to a particular direction. As shown in FIGURE 15B, the step of
orientating the light directing element preferably includes rotating the waveguide about
the longitudinal axis of the waveguide to the predetermined angular orientation S342.
However, the waveguide may be rotated about any suitable axis. Furthermore, the step

of orienting the light directing element of the waveguide may include translating the
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WO 2011/ 057137PCT/ US2010/ 055720 CLAIMS W Claim 1. A wavegui de neural

I nterface device, conprising: a neural device inplantable in tissue and

i ncl udi ngwarroaresays7of el ectrode sites that el ectrical |l yPCorasaemoomsi7eo wi t h

t heir surroundings, wherein the array of electrode sites includes at |east
one recording electrode site; and a waveguide forned separately from and
coupled to the neural device, wherein the waveguide carries light along a

| ongi tudi nal axis and includes a light directing elenment that redirects the
carried light fromthe waveguide to illum nate selectively targeted tissue;

waveguide along a longitudinal, lateral, or any suitable axis S344. Orienting the
waveguide in this manner preferably enables another dimension of spatial variance
along another axis, particularly features typically in an x-y plane to become features in
the z-axis when rotated relative to the neural device. Step S340 enables further
customization of the waveguide neural interface device.

[0057] Step S350, which includes the step of coupling each structure of the group
comprising the neural device, the waveguide, and the circuit board to at least one of the
other structures in the group, functions to fix and assemble the structures of the group
to form the waveguide neural interface device. Step S350 preferably includes fixing the
waveguide at the predetermined angular orientation relative to the neural device and/or
circuit board. In step S350, the three components (neural device, waveguide, and circuit
board) may be mounted or attached in any order. In a first variation, as shown in
FIGURE 15C, step S350 includes coupling the waveguide and the circuit board to form a
waveguide-circuit board structure S362 and coupling the neural probe and the
waveguide-circuit board structure S364. In this variation, coupling the waveguide and
the circuit board S350 may include coupling the waveguide to an optical face of the
circuit board having optical components and coupling the neural device to an electrical
face of the circuit board having electrical components. In a second variation, as shown
in FIGURE 15D, step S350 includes coupling the neural device and the circuit board to
form a neural device-circuit board structure S372 and coupling the waveguide and the
neural device-circuit board structure S374. In a third variation, as shown in FIGURE

15E, step S350 includes coupling the waveguide and the neural device to form a
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wherein at |east a portion of the redirected light is directed laterally
away fromthe longitudinal axis; and wherein the recording electrode site
i s confi guoeditd7ssanpl e illumnated tissue. 2. The wavegliuseowosizad
interface device of Claiml1, wherein the neural device is a neural probe.

3. The wavegui de neural interface device of Claim1l, wherein the redirected
light is aimed substantially in a direction perpendicular to the

| ongi tudi nal axis. 4. The wavegui de neural interface device of Caiml,
wherein at |east a portion of the array of electrode sites is |located on a
first face of the neural device and the waveguide is WO

2011/ Q&a%ﬁ&ﬁ%l_ﬁé@%?l@év?&S%%%dure S382 and coupling the circuit board and the

waveguide-neural device structure S384. In summary of the variations of step S350, any
order of assembly of the neural device, waveguide and circuit board may be used: (1)
couple the waveguide and the circuit board, then couple the neural device and the
waveguide-circuit board structure, (2) couple the neural device and the circuit board,
then couple the waveguide and the neural device-circuit board structure; or (3) couple
the waveguide and the neural device, then couple the circuit board and the waveguide-
neural device structure. In any of these variations of step S350, coupling the circuit
board to the waveguide may include coupling an optical coupler that transfers light from
a light source to the waveguide. In any of these variations of step S350, coupling the
circuit board to the neural device may include coupling an interconnect (e.g., a flexible
interconnect) between the neural device and the circuit board to transfer electrical
signals. The coupling step S350 may include layering or stacking two of the components
(e.g. layering the neural device over the waveguide), wrapping one component (e.g.,
wrapping the neural device over the waveguide), connecting end to end (e.g., coupling
the circuit board to an axial end of the neural device or waveguide), and/or any suitable
coupling step. Furthermore, in other embodiments additional intermediary components
may be introduced to indirectly couple any two of the structures. For example, both the
neural device and the waveguide may be coupled to a common base such as a carrier,
without the neural device and the waveguide being directly coupled to each other.

[0058] Step S350 of coupling may be performed manually and/or with machine

assistance. One or more of the components may include features to aid component
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coupled to a second face of the neural device, wherein the second face is
opposite the first face. 5. The wavegui de neural interface device of C aim
4, wher eiwotzha/osesral devi ce i ncl udes an aperture extendCmg/shevwessnot he
first face and the second face. 6. The wavegui de neural interface device
of Caimb5, wherein the light directing el enent of the wavegui de incl udes
at |l east one selected fromthe group consisting of: a refractor that
refracts |light through the aperture of the neural device, a reflector that
reflects light through the aperture of the neural device, and a | ens that
focuses light through the aperture of the neural device. 7. The waveguide
neural a i f

el ect ro ghlgéi’ ftegﬁ%lﬂgg %@c%vgaﬁ%neﬁg?w (%Eeérp%ﬁﬁng gﬁ‘g{l#ﬂae%g lﬁ%le%. hﬂle
neur al  devi ge. : e neyral inter device of Claiml

wher aisheisy of Saupfias B MG B trens eyl i i SDPLFEs A 5B SHEP che
neural device. . 9. The wavegui de neural interface devjce of Ca

wher eifRedigal gr@gﬁ@pew E284, WpORY dielsnid7@F-2 e 3aaywhlahde designgdde %wléfhgb& or

that refracts light away fromthe |ongitudinal axis.
or a UV-curable epoxy, or using fasteners, or any suitable adhesive or other means for

coupling. The steps of coupling any two of the structures may additionally and/or
alternatively include applying a polymer overcoat around at least two of the structures
in the group.

[0059] As a person skilled in the art will recognize from the previous detailed
description and from the figures and claims, modifications and changes can be made to
the preferred embodiments of the invention without departing from the scope of this

invention defined in the following claims.
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WO 2011/ 057137PCT/ US2010/ 055720 10. The wavegui de neural interface device
of Claiml1, wherein the light directing el enment of the waveguide includes a
refl ect orwohatl/esefsrects |ight away fromthe | ongitudi nalPCaris2010/033720 The
wavegui de neural interface of Claim9, wherein the reflector includes a
roughened surface that scatters light. 12. The wavegui de neural interface
device of Claiml, wherein the |ight directing el enent of the wavegui de
i ncludes a lens that mani pul ates |ight away fromthe | ongitudi nal axis.
13. The wavegui de neural interface device of Claim1l, wherein the |ight
directing el enent of the wavegui de includes an optically dissipating
portion that dissipates the carriqutéﬁﬁg toillumnate tissue. 14. The
wavegui de neural interface device o arm 1, wherein the wavegui de
includes a .plurality of light directing elenents, wherein each |ight
directiﬁ&ig ment redirects a portion of the carried light froma different
poi nt on the wavegui de. _15. The wavegui de neural interface device of Caim
14, wHer ei M waresuide peul irterfage deyisaeimpidsingect s a portion of the carried
light at a different distance along the | ength of the wavegui de.

* aneural device implantable in tissue and including an array of electrode sites that

electrically communicate with their surroundings, wherein the array of electrode
sites includes at least one recording electrode site; and

* a waveguide formed separately from and coupled to the neural device, wherein
the waveguide carries light along a longitudinal axis and includes a light directing
element that redirects the carried light from the waveguide to illuminate
selectively targeted tissue;

* wherein at least a portion of the redirected light is directed laterally away from
the longitudinal axis; and

* wherein the recording electrode site is configured to sample illuminated tissue.

2. The waveguide neural interface device of Claim 1, 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 longitudinal axis.

4. The waveguide neural interface device of Claim 1, wherein at least a portion of the

array of electrode sites is located on a first face of the neural device and the waveguide is
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WO 2011/ 057137PCT/ US2010/ 055720 16. The wavegui de neural interface device
of Claim1l1, further conprising a second wavegui de coupled to the neural

devi ce. W®.20fis718avequi de neural interface device of Crairmsi@o/ossres ei n t he
neural device includes a first branch and a second branch. 18. The
wavegui de neural interface device of Claim1l7, wherein the first wavegui de
is coupled to the first branch and second waveguide is coupled to the
second branch. 19. The wavegui de neural interface device of Caiml,
wherein the waveguide is rigid. 20. The wavegui de neural interface device
of Claim1, wherein the wavegui de further includes an inner core and a

ol addi ngol Q6! o QEInd RReS e AAGaIRSEL A DRIEHAIG NG A AYETs LBpBald frne
p 1'7°g direc es

to selectivel'y expose e core, and i ng e enen
t he exposed core.
Herfice.

5. The waveguide neural interface device of Claim 4, wherein the neural device

includes an aperture extending between the first face and the second face.

6. The waveguide neural interface device of Claim 5, wherein the light directing
element of the waveguide includes at least one selected from the group consisting of: a
refractor that refracts light through the aperture of the neural device, a reflector that
reflects light through the aperture of the neural device, and a lens that focuses light

through the aperture of the neural device.

7. The waveguide neural interface device of Claim 1, wherein at least a portion of the

electrode sites and the waveguide are mounted on the same face of the neural device.

8. The waveguide neural interface device of Claim 1, wherein at least a portion of the

waveguide extends laterally beyond the neural device.
9. The waveguide neural interface device of Claim 1, wherein the light directing

element of the waveguide includes a refractor that refracts light away from the

longitudinal axis.
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21. The wavegui de neural interface device of aim1l, further conprising a
circuit board that interfaces with at |east one of the array of el ectrode
sites andwOhleinvevsgui de. 22. The wavegui de neural i nt ePCaas2aewsveo of
Claim 21, wherein the circuit board is doubl e-faced and includes an

el ectrical face having electrical conponents that interface WO

2011/ 057137PCT/ US2010/ 055720 with the array of electrode sites and an
optical face having conponents that interface with the wavegui de. 23. The
wavegui de neural interface device of C aim22, wherein the array of

el ectrode sites is located on a front face of the neural device that is in

. ti . ) tri . of . Ci i - d .

comunieat i3, Waklte AR Fh6thed ARl of DByBLE CHbbrig g iARYal g

wevegiBeedtalhe ABEEdRe GRS or Tefsstiy 25T ikDeEn ek 1 fmpH o

further includes a light source that provides light to the wavegui de.
longitudinal axis.

11. The waveguide neural interface of Claim 9, wherein the reflector includes a

roughened surface that scatters light.

12.  The waveguide neural interface device of Claim 1, wherein the light directing
element of the waveguide includes a lens that manipulates light away from the

longitudinal axis.

13.  The waveguide neural interface device of Claim 1, wherein the light directing
element of the waveguide includes an optically dissipating portion that dissipates the

carried light to illuminate tissue.

14. The waveguide neural interface device of Claim 1, wherein the waveguide
includes a plurality of light directing elements, wherein each light directing element

redirects a portion of the carried light from a different point on the waveguide.
15.  The waveguide neural interface device of Claim 14, wherein each light directing

element redirects a portion of the carried light at a different distance along the length of

the waveguide.
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25. The wavegui de neural interface device of Claim1l, wherein the array of
el ectrode sites further includes at |east one stinulation electrode site.
26. A waweguodesnsar al i nterface device, conprising: aPOErsal108evRee
inplantable in tissue and including an array of electrode sites that
electrically communicate with their surroundi ngs, wherein the array of

el ectrode sites includes at | east one recording electrode site; and a
wavegui de coupled to the neural device, wherein the wavegui de carries |ight
along a longitudinal axis and includes an optically dissipating portion
that dissipates the carried light to illum nate selectively targeted
tissue; WD 2011/057137PCT/ US2010/ 055720 wherein at |east a portion of the
dissipated light travels laterally away fromthe | ongitudinal axis fromthe

opticall i,SSi pat i orti.an; and . . .
P 16. Y dI"he w Vegque Botral terface device of Claim 1, further comprising a second

waveguide coupled to the neural device.

17.  The waveguide neural interface device of Claim 16, wherein the neural device

includes a first branch and a second branch.

18.  The waveguide neural interface device of Claim 17, wherein the first waveguide is

coupled to the first branch and second waveguide is coupled to the second branch.

19.  The waveguide neural interface device of Claim 1, wherein the waveguide is rigid.
20. 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 directing element includes the

exposed core.

21.  The waveguide neural interface device of Claim 1, further comprising a circuit

board that interfaces with at least one of the array of electrode sites and the waveguide.

22.  The waveguide neural interface device of Claim 21, wherein the circuit board is

double-faced and includes an electrical face having electrical components that interface
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wherein the recording electrode site is configured to sanple illum nated
tissue. 27. The wavegui de neural interface device of Caim 26, wherein the
neural dewoOceill/®s7e87neural probe. 28. The wavegui de neurall/tsntenfzee devi ce
of Claim 26, wherein the neural device includes an el ectrode substrate that
is |layered over the wavegui de, wherein at |east a portion of the array of

el ectrode sites is |ocated on the el ectrode substrate. 29. The wavegui de
neural interface device of Caim28, wherein the waveguide is nounted to
the el ectrode substrate such that the optically dissipating portion is

adj acent to at least a portion of the array of electrode sites. 30. The

of t hBEEREAFRY SRR S AT A oA e Pa RE o AR RRh el o

substrat.e,, 31. The wavegui de neural interface device of C aim 28, wher ein
the e"BtR Hy¥akead¢ate is wapped around the wavegui de.

23.  The waveguide neural interface device of Claim 22, wherein the array of electrode
sites is located on a front face of the neural device that is in communication with the
electrical face of the circuit board, and the waveguide is located on a back face of the

neural device that is in communication with the optical face of the circuit board.

24.  The waveguide neural interface device of Claim 23, wherein the circuit board

further includes a light source that provides light to the waveguide.

25.  The waveguide neural interface device of Claim 1, wherein the array of electrode

sites further includes at least one stimulation electrode site.

26. A waveguide neural interface device, comprising:

* aneural device implantable in tissue and including an array of electrode sites that
electrically communicate with their surroundings, wherein the array of electrode
sites includes at least one recording electrode site; and

» a waveguide coupled to the neural device, wherein the waveguide carries light
along a longitudinal axis and includes an optically dissipating portion that

dissipates the carried light to illuminate selectively targeted tissue;
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WO 2011/ 057137PCT/ US2010/ 055720 32. The wavegui de neural interface device
of Claim28, wherein the el ectrode substrate includes an aperture that
correspomi® 20t/ashis7opt i cal |y di ssi pating portion of thePa@usguiodss7euch t hat
dissipated light is scattered through the aperture. 33. The wavegui de
neural interface device of Caim32, wherein the recording electrode site
is adjacent to the aperture. 34. The wavegui de neural interface device of
Claim 32, wherein the wavegui de includes a second optically dissipating
portion and the neural device includes a second aperture that corresponds
to the second optically dissipating portion of the wavegui de, such that

di ssi patgd |4 j t br 3 ' i.SSJ '

por t1 on. © gt kE1cB600 eilifn PR il AR rR sl e AERLIS: |

t he aperture i, | ongated in the.diregti.on.of the |ongitudinal axis of the
wavegui de. lomgitudinal iy B the eically diraipslink O A%t Q ai m 28, wherein
t he wavegui de includes a reflectqr tip that reflects carried Iight al ong
the | onglt dieran thejrgcording elegwoda g iy epntigaged ko ﬁamﬁlerlbl@enaétﬁdg@saﬁ- daim

36, wherein the reflector may include a sel ectively roughened surface that
nodul ates the path of reflected |ight.

27.  The waveguide neural interface device of Claim 26, wherein the neural device is a

neural probe.

28. The waveguide neural interface device of Claim 26, 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.
29. The waveguide neural interface device of Claim 28, wherein the waveguide is
mounted to the electrode substrate such that the optically dissipating portion is adjacent

to at least a portion of the array of electrode sites.

30. The waveguide neural interface device of Claim 28, wherein at least a portion of

the optically dissipating portion extends laterally beyond the electrode substrate.

31.  The waveguide neural interface device of Claim 28, wherein the electrode

substrate is wrapped around the waveguide.

38



WO 2011/ 057137PCT/ US2010/ 055720 38. The wavegui de neural interface device
of Claim 26, wherein the dissipated |ight passing through the optically

di ssi pat iwgQ 2povasism has substantially uni formintensityPas/us2610/063i720n of

di stance along the longitudinal axis of the optically dissipating portion.
39. The wavegui de neural interface device of Claim26, wherein the
wavegui de further includes an inner core and a cl adding | ayer over the
core. 40. The wavegui de neural interface device of Caim39, wherein the
cladding layer is patterned to selectively expose the core, wherein the
optically dissipating portion of the wavegui de includes the exposed core.

41. T wa ui ral inger deyvi | 0 ein, t
opti c%gl'y i ss%&Fgﬁgepg?]{lﬁgnlnfé‘s%g(f?e%\\/é/gl(\;tgggf égl:la]?f&?% e’rw}%lggc uélges éeil&ftlé?/deer of
ti | dj i i t i al tt d t . . 42. . Th
onveqaPhirals ichites it PReTut R Eopreseratra 1hE gRERam, dssbaing Baftian of
di ssipating material is alum nym oxide.
the waveguide such that dissipated light is scattered through the aperture.

33. The waveguide neural interface device of Claim 32, wherein the recording

electrode site is adjacent to the aperture.

34. The waveguide neural interface device of Claim 32, wherein the waveguide
includes a second optically dissipating portion and the neural device includes a second
aperture that corresponds to the second optically dissipating portion of the waveguide,

such that dissipated light is scattered through the second optically dissipating portion.

35. The waveguide neural interface device of Claim 32, wherein the aperture is

elongated in the direction of the longitudinal axis of the waveguide.

36. The waveguide neural interface device of Claim 28, wherein the waveguide

includes a reflector tip that reflects carried light along the longitudinal axis.

37.  The waveguide neural interface device of Claim 36, wherein the reflector may

include a selectively roughened surface that modulates the path of reflected light.
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43. The wavegui de neural interface device of C aim40, wherein the exposed
core is enbedded with optically dissipating nolecules. WO

2011/ 057 80RaI/0383010/ 055720 44. The wavegui de neur al ipaTarsb@omsifevi ce of
Cl ai m 40, wherein the waveguide is a thin-filmstructure. 45. The
wavegui de neural interface device of Cl aim40, wherein the waveguide is an
optical fiber. 46. The wavegui de neural interface device of C aim40,
wherein the neural device includes an el ectrode substrate that is wapped
around the wavegui de, wherein at |least a portion of the array of el ectrode
sites is located on the el ectrode substrate. 47. The wavegui de neur al

i nter f e W . i | ect at
| cast Bhe agtr FarEudt Al ncl BEE Hediden it CLBE A IR HAHR ST HER:
di ssi %%tsselglg lthpor}}gh the of op 1caﬁy (agss}pgrtﬁllfg hortuon KA sui)stantlally uniform intensity as a

function of distance along the longitudinal axis of the optically dissipating portion.

39. The waveguide neural interface device of Claim 26, wherein the waveguide

further includes an inner core and a cladding layer over the core.

40. The waveguide neural interface device of Claim 39, wherein the cladding layer is
patterned to selectively expose the core, wherein the optically dissipating portion of the

waveguide includes the exposed core.
41. The waveguide neural interface device of Claim 40, wherein the optically
dissipating portion of the waveguide further includes a layer of optically dissipating

material patterned on the exposed core.

42. The waveguide neural interface device of Claim 41, wherein the optically

dissipating material is aluminum oxide.

43. The waveguide neural interface device of Claim 40, wherein the exposed core is

embedded with optically dissipating molecules.

40



48. The wavegui de neural interface device of Caim47, wherein the

el ectrode substrate includes an optically dissipating material. 49. The
wavegui dewoeorials7i3nt er f ace device of C aim 47, wherein Prhg/usaveyss7de

i ncludes a second optically dissipating portion and the neural device

i ncl udes a second aperture that corresponds to the second optically

di ssipating portion of the wavegui de, such that dissipated light is
scattered through the second optically dissipating portion. WO

2011/ 057137PCT/ US2010/ 055720 50. The wavegui de neural interface device of
Claim26, further conprising a circuit board that is double-faced and

i ncludes a I e f . i trd . C . j f.ace
W th Che art, REHFE: nedhT RS GRS CRmEROT RERSE shiStas BB RRE
t hat iﬂt eyf.kﬁccf with the wavegui de. 51. The wavegui de neural interface
devi c&MBFIEP ST her ei n the optical |y dissipating portion includes an
optically diffusive portion that diffuses light. 52. The wavegui de neur al
interface device of Claim1, wherein the optically dissipating portion
includes an optically scattering portion that scatters |ight.

45. The waveguide neural interface device of Claim 40, wherein the waveguide is an

optical fiber.

46. The waveguide neural interface device of Claim 40, wherein the neural device
includes an electrode substrate that is wrapped around the waveguide, wherein at least a

portion of the array of electrode sites is located on the electrode substrate.

47. The waveguide neural interface device of Claim 46, wherein the electrode
substrate includes at least one aperture that corresponds to the exposed core, such that

dissipated light is scattered through the aperture.

48. The waveguide neural interface device of Claim 47, wherein the electrode

substrate includes an optically dissipating material.

49. The waveguide neural interface device of Claim 47, wherein the waveguide
includes a second optically dissipating portion and the neural device includes a second
aperture that corresponds to the second optically dissipating portion of the waveguide,

such that dissipated light is scattered through the second optically dissipating portion.
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53. A nethod of assenbling a wavegui de neural interface device, conprising

the steps of: providing a neural device that includes a plurality of

el ect r odewei2dBE#415713pr ovi di ng a wavegui de, separate from Phe/useaoabsdevi ce,

that is configured to carry light along a |ongitudinal axis and includes a

light directing elenent that redirects the carried |ight away fromthe

wavegui de; providing a circuit board, separate fromthe neural device and

t he waveguide, that is configured to interface with the plurality of

el ectrode sites and the wavegui de; WD 2011/057137PCT/ US2010/ 055720

orienting the light directing el ement of the waveguide to a predeterm ned

angul ar orientation relative to the neural device, wherein the

predeterm ned angul ar orientation is based on a selected direction of

redir e5%t. ed 'llhlegv%\’zeg%ri]ge neural interface device of Claim 26, 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.

51. The waveguide neural interface device of Claim 1, wherein the optically

dissipating portion includes an optically diffusive portion that diffuses light.

52. The waveguide neural interface device of Claim 1, wherein the optically

dissipating portion includes an optically scattering portion that scatters light.

53. A method of assembling a waveguide neural interface device, comprising the
steps of:

» providing a neural device that includes a plurality of electrode sites;

» providing a waveguide, separate from the neural device, that is configured to
carry light along a longitudinal axis and includes a light directing element that
redirects the carried light away from the waveguide;

* providing a circuit board, separate from the neural device and the waveguide,
that is configured to interface with the plurality of electrode sites and the

waveguide;
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coupling each structure of the group conprising the neural device, the
wavegui de, and the circuit board to at | east one of the other structures in
t he groupwowhawsits7coupl i ng i ncludes fixing the wavegui #eTatS2410855720
predeterm ned angul ar orientation relative to the neural device. 54. The
met hod of Claimb53, wherein orienting the light directing el ement includes
rotating the wavegui de about the |ongitudinal axis of the waveguide to the
predeterm ned angul ar orientation. 55. The nethod of C aim 53, wherein
coupling includes coupling the waveguide to the circuit board and coupling
t he neural device to the circuit board. 56. The nethod of C ai m 55,

wherein go ' t 2 ' ' j ' ' he
wavegur de. b et E HERY BReLA: HRaolf b HebolRR fon LB ARADA 20
el ectrical face, .wherein coupling the waveguide.to.a nulti-faced circguit
boar d | nol GUESTAAID T AT ThENtaTHER) GETEG PhEcp: tEaptadstamBhed gt i
board havi ng, opti cal conponents; and, WD 2011/Q57137PCT/ US2010/ 055720
orientation is based on a selected direction of redirected light; an
* coupling each structure of the group comprising the neural device, the
waveguide, and the circuit board to at least one of the other structures in the

group, wherein coupling includes fixing the waveguide at the predetermined

angular orientation relative to the neural device.

54. The method of Claim 53, wherein orienting the light directing element includes
rotating the waveguide about the longitudinal axis of the waveguide to the

predetermined angular orientation.

55. The method of Claim 53, wherein coupling includes coupling the waveguide to

the circuit board and coupling the neural device to the circuit board.

56. The method of Claim 55, wherein coupling the waveguide to the circuit board
includes coupling the waveguide to a multi-faced circuit board including an optical face
and an electrical face, wherein coupling the waveguide to a multi-faced circuit board
includes:

» coupling the waveguide to the optical face of the circuit board having optical

components; and
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coupling the neural device to the electrical face of the circuit board
havi ng el ectrical conponents. 57. The nethod of C aim53, wherein coupling
i ncl udi ngwvoaopldsng7t he wavegui de and the circuit board troTfuseommss720

wavegui de-circuit board structure and coupling the neural device to the
wavegui de-circuit board structure. 58. The nethod of C aim 53, wherein
coupling includes coupling the neural device and the circuit board to form
a neural device-circuit board structure and coupling the wavegui de to the
neural device-circuit board structure. 59. The nethod of C aim 53, wherein
coupling includes coupling the waveguide to the neural device to forma

wavegui de- i r r | ] h {Lcujt . t
waveout de- natpane dBY; B8} (I B MG AR Rdcofr She Gt BRARL By
coupling thel wavegui de to the neural probe includes |ayering the neural
devi ce over®PHEICRESUYAPRENS: 61. The method of C ai m 60, wherein |ayering
t he neural device over the wavegui de includes wapping the neural device
around t he wavegui de.

57.  The method of Claim 53, wherein coupling including coupling the waveguide and
the circuit board to form a waveguide-circuit board structure and coupling the neural

device to the waveguide-circuit board structure.

58.  The method of Claim 53, wherein coupling includes coupling the neural device
and the circuit board to form a neural device-circuit board structure and coupling the

waveguide to the neural device-circuit board structure.
59. The method of Claim 53, wherein coupling includes coupling the waveguide to
the neural device to form a waveguide-neural device structure and coupling the circuit

board to the waveguide-neural device structure.

60. The method of Claim 53, wherein coupling the waveguide to the neural probe

includes layering the neural device over the waveguide.

61. The method of Claim 60, wherein layering the neural device over the waveguide

includes wrapping the neural device around the waveguide.
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