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benefit oWoUBIIABpI3Tcati on No. 12/ 940,748, filed 05 Novemrb®Ers2a00557and US
Provi si onal Applications Nos. 61/258,494 filed 05 Novenber 2009 and
61/321,089 filed 05 April 2010, which are all incorporated in their
entirety by this reference. TECHNI CAL FI ELD [0002] This invention rel ates
generally to the neural device field, and nore specifically to an inproved
wavegui de neural interface device in the neural device field.

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
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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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[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;



wavegui de neural interface device of the first preferred enbodi nent;

[ 0006] FI GURES 7 and 8 are schenmatics of branched variations of the

wavegui dewoeorls7i3nt er f ace devi ce of the first preferre@Cerdsodionsit) WO
2011/ 057137PCT/ US2010/ 055720 [ 0007] FI GURES 9A-9C are front, side, and back
vi ew schematics, respectively, of the circuit board of the wavegui de neural
I nterface device of a preferred enbodi nent; [0008] FI GURES 9D and 9E are
schematics of variations of the circuit board of

[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



t he wavegui de neural interface device of a preferred enbodi nent;

[O009] FIGURE 10 is a schematic of one variation of the wavegui de neural

i nterfacewOewils7Bf7 a second preferred enbodi nent; [ 001@LFIUSZRESS3720 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
wavegui de neural interface device of a second preferred enbodi nent;

[ 0011] FI GURE 11C and 11D are schenmatics 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
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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



[ 0013] FI GURES 12B and 12C are side view schematics of variations of the
wavegui de neural interface device of a second preferred enbodi nent;

[ 0014] FI GyBBoWmAB7i33 a plot of light intensity as a func®Pcorusediodsieh or

| ongi tudi nal di stance al ong the wavegui de, for a conventional optrode 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-filmwavegui de of the wavegui de neural interface device of a second
preferred enbodi nent; WD 2011/057137PCT/ US2010/ 055720

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



[ 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 [ 0019] The fol |l owi ng description of preferred

enbodi nents of the invention is not

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,
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g mar?ipufatlron of ﬂght. 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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rigid structure). [0022] The wavegui de 120 functions to redirect |ight away

from torebavk\dank diee longitudinal axis. The reflector 122b may be a thin film of reflective
metal, a mirror, or any suitable kind of reflector. The surface roughness of this reflector
may be increased or decreased to modulate the directionality or focus of the light path.
The reflector may be located at a distal end of the waveguide 120. For example, the
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



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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[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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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
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at a certain angle. As another exanple, the distal end of the wavegui de may

i ncl udeaghirfel 85 May2RElEdAhn BEA B SeRaGH A Eﬂunllad; tof DA% difecling’ Q¥mdRts

direction aLong thg | ongi tudi nal axis, which I e useful to recapture
LS AP S O IRORRS Sy IR bbbl AL RTB R O
L R A G I T T
g I LA At R
at any suitable location along the | ength of the wavegui de. The I|ight
di r ectthegvasegwdet Inpgriiadah each hight deregipg sldmeny] mapgadieecto peeioreef dies.
[0026]In a third variation, as shown in FIGURE iD, the light directing
el enerarried light at a different distance along the length of the waveguide.
[0029] In some variations, the waveguide 120 may further include a filter, such as
one that allows only a certain bandwidth of light to pass. For example, in applications in
which only a portion of illuminated tissue is configured to be stimulated by a certain
color or wavelength, the filter allowing that color or wavelength to pass may
consequently allow only the receptive portion of illuminated tissue to be stimulated,
thereby providing another dimension of tissue targeting.
[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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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 i . - ( : i, qui 1 al ) d
vol t ah b8l BEVPL 36, BHSHE Ph Rrbulrhige nFofof b Whlal HEGEE P B 0 0
el ement . urt i ncl ude any sujtabl.e nuober of | enses i.ch e
it SUIAP o6 phihe eyl A iyt BeRehios huy 98° mehlBRiA st he
devi ce aperture 114. [0Q27]1n a fourth variation, the light directing
el ememoraon gt {he gaay of eledreds pitgp) anehidie: backdace exah i an @BronRagite st obway
fromthe wavegui de 120 or back along the longitudinal axis, in applications
si mi | dor {‘behind”) di¢ Emmdrfacabhe chvneface] lal dne variatipn; bed nderal dhvacer itout ed
Bragg reflector, surface corrugations, an optically dissipating coating,
opt i cygrkferablsinpladenanrpeetirkas4 ehbedcedds betweendheeadkdfacéd 206d faonl faceany
WO 2011/ 057137PCT/ US2010/ 055720 suitabl e kind of scattering el enent. The
l'i ght Tder driine £l féraply HithRigh REleU Bat anYy sudlhddlaaysumagle @perture
scattering elenents. [0028] The wavequi de 120 nmay i ncl ude one or nore |ight
di r ecty I e r ' | d ' t :

ts'tugﬂ at%ha? %ﬁ&g@ﬁ,%%esﬁ%é"@@&u&@, fiRePrdt AW LhithGle étﬁmtufé pﬁag 1%/%9?‘5% Cons

el enen e directing el enents ndy be “oné or nore o

in any_suitabl-e.conbination. Further e, the wa uide 120 y.. 1 ncl ude an

ar v anganetee o CHEBY QR ety poEionhlS BRUAE BT el

and/or laterally alo t he wayequi de in_an uitabl e pattern,_thereby

di st r AN TE aPpical [thgh PeERA HassRsa HE?‘&éQZ&Po‘gei WossIdG The Aerasadher

Each light directing el ement may redirect a portion of the carried |ight

f r om #lefitraderates paiand the lishé diggesiagi ddemenh122are praferablelacatad plative to

directing elenment may redirect a portion of the carried light at a

di f f erthaetapditstrancs sacbrihat bee lighydireoting rdemewie gfiiloe 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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[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 atj the . ide n i dayi.c k

1761 1 et RGP ARG B0 B Bl B ¥odie RlsCHz, B IRl FAEES,,
of the neyral device 11Q, and the wavequide 120 is coupled to.or noupted on
o bacAREE orsh OEISEA P i SoBBTIAID 1Y 870G RUTHED SRriBHoRT e a0,
where the front face 110a of the neural device may be any suitable face of
t he nEsRAIPIQREdEontameupisd waveride dpclydesayefrastoritran aaidigr seflectersi2ad
portion of the array of electrode sites) and the back face nob is on an
opposilight slivketiog elemenbenithd'distahend ofithe feaveguitieghaf refnacts and) on refleeis

variation, the neural device 110 preferably includes an aperture 114 that

ext endighbat waeadlé ehhadknhiaaeesaticbueraabacenace .thd herapef tlecwodd 4ites 112. As
preferably a through hole, but may include any suitable aperture such as a

grati n@otlfer'®@&inplekgs Shows inTGURE bethe Maveslide Ubbahhe isdlhde bHE drifiate
permts passage of |light. The aperture may additionally and/or

R e e

di recti | epent ;122 are eferabBly | ocated relative t.a.the aperture 114
such: oig? ERRR sidhant DpRhgteS L ety PO GEURL A Bict Dt bl B 1
through the, aperture 114 to illumnate tissue adjacent t tge el ectrode

si t es WaNgBUieatp? dhroushs g o, pledoRsoRAa 1eRE aF gy spitadle digtadiresting 112
may be arranged around the perineter of the aperture 114. The |i ght

di r ectelémgert. ement 122 may include a refractor that refracts |light through
the aperture of the neural device, a reflector that reflects |ight through
t he afj@032ir e of Ihhethiedivatiadewiof ¢he avaeguida demmsl inhertfadeoderdes dsishlotvrt hr ough
the aperture. The neural device 110 may include additional apertures that

are diHGUIE e thavangtibe 1bergtdhdflaterfllnBey@ld drvélcaradd seistraspendhag t o
a light directing elenent. [0031]1n a second variation of the wavegui de

oo g S5 ey R R R B e Fovend
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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neural device 110 and the wavegui de 120 is coupled to or nounted on the
front face of WD 2011/ 057137PCT/ US2010/ 055720 the neural device adjacent to
t he arraywofzorlisct3rode sites 112. The wavegui de 120 may PCmalSe@e/0657@0 or nor e
of any conbination of light directing el enent variations. For exanple, the
front-nounted wavegui de includes a refractor 122a and/or reflector 122b
light directing el ement on the distal end of the waveguide that refracts
and/or reflects light at an angle that illum nates tissue adjacent to the
array of electrode sites 112. As anot her exanple, as shown in FIGURE 2, the
wavegui de 120 may include one or nore light directing el enents positioned

al ong I C i ght. ..disr [Halo'E nt
distr ia%@é‘grS@?ﬁ{%&éyé@?%%ﬁ%?%ﬁk%{fgh[ ﬁiéb E%érltr&?lteedgﬁ gﬂ{deaév%{/lgp rlﬁ&tlﬁgh%acgégui de
120 thr ougth reiir action,, refl ﬁﬁtﬁon, 12 | ens, or any suitable light directing
el emeraVIERMINE ayegwidedrommthe 4t6inl sKteDshavegui de neural interface
device, as shown in FIGURE 5, the wavegui de 120 extends | aterally beyond
the ell@034bde s wayaguite 520t Dséerabbnfosmedirepaeately frepatheanenral devics hi s
variation, the light directing element nmay extend |aterally beyond the

neur allld,eambeoulﬂatg to b nelerahdygvioé 11hdurieg rastrobly aseldsexibed i/)e]oeunsHovaﬂdyror
scattering elenent variations as descri bed above, or any suitable variation

of a lthgavegiildetman akbanwively b dadgllydoriviad ivith dns nefiral devive\(e@eh geat
neural interface device include any suitable conbination of the above

var i atth@WaferSle6d] AT brRatibh 6P thdWRadddidde AbuR BRbFfafedsViEeS 112 is _
| ocated on the front Tace of the neural device 110 and the wavegui de 120 is

oot SGHSSES, L0 g cE ARl LS Bl RIS, AP DO R LA gua

carri %juftljp?eh tbrgﬁc}geisraer?&ﬁ)g I\I/l\(l?ltﬁ():l% 1V/ve(1)VSeZglll§(¥e§Cér(4n 1g%19":eL /t851?1¥62r?ace with different
targeted regions of tissue. The modular integration of multiple branches, multiple
waveguides, and/or multiple arrays of electrode sites enables targeting of different
regions of tissue while reducing overall size and footprint of the equipment and
potentially reducing external connections to a single external connection. For example,
as shown in FIGURE 7, the neural device 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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away fromthe wavegui de 120 through the aperture and sonme carried light is
directed away fromthe waveguide fromthe | ateral extension. [0034] The
wavegui dew02011/s7pref erably forned separately fromthe mewrskoidovizee 110,
and coupled to the neural device 110 during assenbly as descri bed bel ow.
However, the waveguide may alternatively be integrally formed with the
neural device (such as at the wafer |evel during fabrication of the
wavegui de neural interface device). [0035]In sonme enbodi nents, the
wavegui de neural interface device may include nultiple branches and/ or
mul ti pl e wavegui des configured to interface with different targeted regions
of ti rd t] t] Ul g .
vevegdtidan R FRA S BRI 08B s ity fe SORRTRET Oy slechie sites)y o
di fferent region [ssue while reducing.overall, size and ot prii of
the edurpnelit Gieduebhisin §0q s rngeudfes shPleg et Shand FHabe o
external connection. For exanple, as shown in FIGURE 7, the_neural deyvjce
110 ndyanehasipfdhg reurak deyiemele magbesdiexiblesarodsid, prethan opjasexiple ghngil a
first waveguide 120a is coupled to the first branch and a second wavegui de
i s cowpbsigtateo Altsengidvelydabpantion. ofathti bramdies way agsinglesnewnypl slevitiesmaj e ed
on the first, second, or nore branches of the neural device in any suitable
manneflekéblg, whilsvanskhee guitdes obthednanbhesmbay dedigidt hi rd on anot her branch,
as shown in FIGURE 9D). The branches may be positioned front to back
rel atifge3é eachihgfegaidt REurdl Aftetfacs UEECE Bratbratly FiatRa&CH RIS ifduiURE
7), or inany suitable orientation. As another exanple, as shown in FlI GURE
8, th I Is ' ISt
passi By ianghH PELEey Wiih, ol RastBn? JF iR b ERE Y RHDAR GREAD PR
el ectrode sites 11 r a.su f e array .of .ekectrode sit u as a
Vo 201 ca sy iror s Bef dBshBEURES, DT EHLR siftuif BEL & et BBl Foue
sites ,and/or so ecordjng electrode sites) is.coupled tq the first, byanch
and nf%ﬂ%%&@@mﬁlbﬁ% %@‘?}Lseﬂné oinchilese aBnales s RACEh 30 et Pecirical
neural device 110 may be flexible or rigid, such as on a flexible or rigid
subst rcampongnise i3 thateinyerfacepoithithe astay peelecandasiennizand mg eptiealface
device may be flexible, while another portion of the branches may be rigid.
[ 0036]13bb hemireg upteal venndnants €34 aka idesifae withfthe astdveghidet t2er. Theodicmidgs a
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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board 130 that interfaces with at | east one of the array of electrode sites
112 and the wavegui de 120. As shown in FI GURES 9A-9C, the circuit board is
pr ef er ablwocoubiseisfaced (or "doubl e sided") and incl udegcarusetieosimecal face
130a having el ectrical conponents 132 that interface with the array of

el ectrode sites 112 and an optical face 13013 having optical conponents 134
that interface with the wavegui de 120. The circuit board may be a single
board with two faces or two boards coupl ed back-to-back with fasteners,
adhesive, or in any suitable manner. By separating the electrical and
optical conponents, the circuit board nmay permt maxinzation of space on

coupl et BRRR S R SRl aaféleﬁ%hpg‘rdﬁ%l AR SRp ot ‘?}gf &

neur al ice r ef er.abl S d|r to t he el ectrj.cal ce of the
i cuieech n]cTra(ﬁ)t astian a6 Saf Bl bacT cntinp el wid SResticRrBSRufLs 1o
i nprove copponent al ignment, such as fIdUCIa| narks t abs, and/ or

cor r eSpsisal GYIRPNERLTENIN ABE Faripkion, g gRRuitipsrg may ia¢e]udp folding @orgonmn,

the circuit board may include an electrical region having el ectrical
conporibat $old3ovearnal naainoface adl theegirarit haaihgFapekaaple ding pontn nmay

whi ch both the electrical and optical regions are | ocated on the sane face
or si daclatle tanéshtisoautd 14%0drat, WHBen tha faldaighporticar isgblded, oveacthe nvidn face of
2011/ 057137PCT/ US2010/ 055720 face of the circuit board may include a

M Xt UitBe @frc@it Bohfd, GRketd M dAuptd to@%@é@ﬂ% 126 Br an®REPvAB&Gon, Hel I a
portion of the total electrical conmponents and a portion of the total

opti caf f‘;j]é S%'latél ‘?ﬂ“ﬁoé(r%f hidly! 191'81u<#eace O c%‘s“thapgz?ﬂ(ﬂmréﬁyth'e%a\%gﬁlde

foldrng portions over a“main the circuit board

exanpl a faoldin on may i hclude rge 136 t e

f ol i RGI4EF PRBIR device @a‘a PR BBy B IR 6o BB han PRl

and cou | es t0 a wavequi de 120 anot r variation, shown in FI E
oF, ¢ HiCGEs hovich aay revagwstrd%ﬁq 8% CORRTUCHONLON the GrrdutRRarg A
and/or neur al devrce (the circuit board may fold or include two separate
sandwirediemnpiseceaplingwn ethermincidentahirdgeastions onitheirawid board.cddreselecieichbn of
the circuit board and reduce noi se coupling or other incidental

i nt er achippmenos 182 epreferablyt inadel vatibas ghassivei aralacivenetectrica d3Appnedtsy abl y
i ncl ude various passive or active electrical conponents, bond pads for the

array pnd eﬁbaﬁi‘st foedRe airtagSof dle@psthesited af@nnkdloe foRteefating theufcalrald@mice 110
to external conmponents (e.g., a flexible interconnect that carries

el ect i §qh ehidifial E&r‘thH@ ni@ (e, é’ffleﬁﬂb‘?&iﬁt@f’&)nﬂebﬁﬁ%at c%%é@@!ec&'ida‘i’ﬁhe&?& for

a diode or LED, cont el ectTonics for providing a control signal,

batter o] fyi
conponem%%f%%r@@%%t%i CoftEHL BER S (5 EHOARbF TET SRRl raétne
137, ht f, cusrn opti cal frlters and/ or

ont | cdPT Bimigi SonGESaHe T capategpory rqrtr%earnq/mmaaeré%w@eo?l%ﬁtapewh ght
sources coupled to the wavegui de or mav ui des. The |.ight source 136 nay be
a ci r duler Oplaea FomRATEads 134 mretqrablm inglugieoene or poyre hglrltagel}ecamad@en@nts
vertical cavity surface-emtting |laser (VCSEL), or any suitable |aser or
i ght 18puligh. fobising elemertts 18D gopticd ditiees, rayd/be any seitaleritical ghmpsbentse
such as a laser, |aser diode, or one or nore LEDs. Coupling light from an
ext er rMadle dptidal f%ﬁ@ﬂ@ﬁﬁﬁ%dﬂ%&ﬁhﬁbﬂéﬁ@lﬁ&cﬁmwm@ﬂed tootheawavagaidd
board-mounted |ight source may be acconplished using one or nore

t echnigjuRgvegiides. MEheHERE Vso@f‘ceC@ Qg bert icffitl Bodradcmeantd Myhtlehiifting
nmodul ar conponents 110 and 120 or exanple, coupling the |ight source and

the V‘"'i‘ﬂ@@cﬁ (EEI(?;HX l'aQé&Ohg em%tu%ﬂt{&gl Vi PRk %ﬁng?(t‘?;{l%‘?&%e'rartﬁiﬁﬁg‘asbﬁsa&ﬁ

(e.g eri |'ens, biconvex lens, ano- conve

e LA R B D S0 AR sonie
Coupl I t I di t, oupl th
o Tk 35 AL o o b S5l B e By

Dl P socket on a "surf' board) or horizontally on the sane circuit board and
rely on reflective elenents to direct the path into one or nore

| ongi tudi nal I y nount ed wavegui des. However, any suitabl e coupling neans may
be used to couple the Iight source to the one or nore wavegui des.

[ 0037] Fabrication of the wavegui de 120 preferably further includes

rel easi ng the wavegui de fromthe substerate through any suitabl e process,
and cut to a suitable, predeterm ned | ength. The process of buil ding,

rel easing, then cutting the wavegui de 220 nmay be useful to inprove
nodularrty of the process and/or custontzatrons of specrfrc mavegurde

o o r L ) o



2. Wavegui de Neural Interface Device of a Second Preferred Enbodi nrent WO
2011/ 057137PCT/ US2010/ 055720 [0038] As shown in FI GURES 10 and ii, the
wavegui dewoeoridls7i3nt er f ace devi ce 200 of a second pref ePcedSeotoosi7aent

i ncludes: a neural device 210 inplantable in tissue and including an array
of electrode sites 212 that electrically communicate with their
surroundi ngs, in which the array of electrode sites includes at |east one
recordi ng el ectrode site, and a wavegui de 220 coupled to the neural device
210 that carries light along a | ongitudinal axis and includes an optically
di ssipating portion 222 that dissipates the carried light to illumnate
sel ect e i i f i SR i

or ef bl oo B0ETa SHebl RS bl ERNIs? PR Gy B e ISR AL, el
optically dissipatin rtion 222, and.the r.ecording el rode site i.s

o ef orneie, BRIy ahd (e SHABPE" Pf FE g GRUPRS 4t TSR Rayise moduldr
electrically excited, by the illum natign. The wavegui de neural interface
devi c&€oBIPaEEtS HOpH R ifaresgmile souping the lighbsapse ppd the wavagwds mpay ar
manner as the first preferred enbodi nent. [0039] The neural device 210 of
t he sénvolde prafing anyemoothareoftcolleciing elamadiitg 187 rtelgarspherichklensubigbndeyi ce
110 of the first preferred enbodi nent. The neural device 210 preferably

i ncl udess, plamd-eohvedtems badr fakcasingadleinentsaysy €elgpyerditmeindexe@RIN) R2G, and
the el ectrode substrate preferably includes at | east a portion of the array

of el @pheMeA RinkeDicdheex [16A40bIHMD-MANRAUCHS) BeByv&@in thE 1RS¢ Mires endr fird

enbodi ment of the wavegui de neural device functions to redirect |ight away

o SPRSUBVERARTE B o 510558 RINGE 8 RSKAELLYp R et

e Sl SRS TS AP B ORI T D e

opt | C%ln ];i ‘ps%{*f’otr)oe}{"\g) 20(%1 égggnltgﬁ}e%-l;{ t e2 ()s%(r)l{eogg"zgi? board and rely on reflective
elements to direct the path into one or more longitudinally mounted waveguides.
However, any suitable coupling means may be used to couple the light source to the one
or more waveguides.
[0037] Fabrication of the waveguide 120 preferably further includes releasing the
waveguide from the substrate through any suitable process, and cut to a suitable,
predetermined length. The process of building, releasing, then cutting the waveguide
220 may be useful to improve modularity of the process and/or customizations of
specific waveguide neural interface devices, such as for the specific customization of
shape and distribution of the optically portions and dimensions of the overall

waveguide. The light directing elements 122 may also be controlled and formed in the

process of cutting or etching the waveguide to create various tip profiles and angles.

2. Waveguide Neural Interface Device of a Second Preferred Embodiment
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ot her cylindrical waveguide, as in FIGURE io), substantially planar (e.g.,
a thin-filmwaveguide, as in FIGJRE nA), or any suitable shape. In this
enbodi nerw9 20hi@smsvegui de 220 preferably includes one orcCrarseolopsizeal |y

di ssipating portions 222 that dissipate |ight away fromthe wavegui de
neural interface device. The optically dissipating portions 222 may be

el ongated "light ports" that are substantially rectangular, elliptical,
circular, or any suitable shape. The particul ar shape and distribution of
optically dissipating portions may depend on the specific application and
desired custom zation. As shown in FI GURE 11B, the dissipated |ight

prefen trav r.al 0, th
vvavegt[l&@ég]ZZO (:ﬂs Sﬂo% 13&4 I [ﬁ%‘%}( i%iq%tﬁp Era@g{’%ﬁ%gﬁ di rel?:l{el(}ganceh(gev‘?%eg a
nonzero co onent .per pe cular to the I |tud|n axis of .t QUIde)
The” ar BhRcrepng firelrarc tpititimeat Sipufdd Benie At afo ibuiatiayfeog
function of distance al ong the wavequi de 220, and preferably as, a functlon
of di disaneand|isglpding aprraact glegirede sies Ra2 shak eleatricadly coswmunicats BifE 12A
and 12D, conventional optical fiber optrodes provide light axially in only
one ditheinsuoroundingso e vrich ohe niray aftalecirodel dites, invlkuides at &gt pe irecording
uncontrol l ed scattering, conical spreading and a rapidly declining

i nt enslldyraale €itd, andtd aaveguide Soancsupléd ng thé @cupal elpvicdez 10 tiewt cdepedlight t he
devi ce when inserted into tissue). In contrast, as shown in FI GURES

12B- 1?alibn%t BEUndE ReUrAld iRdAAEacR dpticaBy d&ﬁ@l{bh’ﬁﬁg perted =fimrh@bl y
enabl es as t wo- di nensional light wth controlled scattering and a

f h
oo T S e N

t d/ t t
S0L4 3@%9%?5@%@5%& sy bagBs I AbaS -50153@%04%%1%1&@3&%&0%@16 core
230 and a di ng |ayer 232 over the core, e core and .cl addin
mat er iopticaly &%‘P@F‘QSI PO 81 htheh Fecond %o‘? EClE)) ci’r“ét‘ddﬁn@r gét ate

to facilitate internal reflection. The wavegui de 220 preferably undergoes
phot olconfigareship csamplee buninased dissee nwhivh onayd dien glegivicadlyl excitedeby txgpose
the core, such that the optically dissipating portion 222 of the wavegui de
i ncl udk}smtilhmi(ﬁxpd?rmd waveguidiovwasera] fiterfape i davicy of sshigasdécogdpgrefesred222
may alternatively be forned in any suitable manner. The optically

di ssi Fé@‘ibdlﬁnmltﬁs ferply ieldude andlas shaaidrg thetiest prefdried ehbb@imée&f | ne
t he amount of t diffusion. The anmount of |ight diffusion that t he

opt i Cgbb?’ngd' SS' pﬂlte'ﬂ RPAERB A8%MPIHRVdlERd! e%trr&%]ae@ﬁlbooﬁﬁiléhﬁ reéf&RppRaent
on u e |

nt of sur ace roughness of the c e spec IC pr perties of
t he dIS i t|on
rel ativve IFIa&tﬁl% I?E’tr ta‘%a% %ﬂh%lf& “e?‘%a‘é‘ﬁg}‘%’é ﬂhgﬁ gk { % b
fabricat] if no aII of these paraneters can pe cl osel contro | ed,
orovi ARTRY 1pFbdes anledroderubtiate shde i rverefentcs the CRET
custoni zation of the maveQU|de neural interface device for a variety of
app! i ¢he iedassrodeopibsiyate prefeyahly dnclydespt deashnepertinn ehbe awey o dedreds, as
shown in FIGURE 13A, a sacrificial layer of material 238 is deposited onto
a subsitese#2.236, and a | ower cl adding | ayer 232a of cladding material is
deposited (e.g. through CVD, PECVD, spinning processes or any suitable
deposi[0040] pr oceadwm)wavdgaiddie226 a€ thd bedoald prafated émbsdavweni of feGWRleghd® t he
core material is deposited onto the structure and patterned to formthe
i nner 1far8 ddfce AlnbRORS t&'x%@lﬁ‘e@@ lisBY @fwadSBRNPfthe | wakHoNgddRleBfd1aintkFace

deposited over the core 230, followed by deposition and patterning of a

hard maglee tybi‘)u\éﬁ’hﬁ gﬁﬁ{qut%jtgz&gé H’?&Pel%%%g\?e%ulde 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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upper cladding |ayer 232b is preferably patterned wth a suitable
patterni ng process that selectively renoves the upper cladding |ayer 232b
and/ or rowghenwsrise core surface to formthe optically @csdaiSpaviosiy2gorti on
222. The exposed core surface may additionally and/or alternatively be
texturized in any suitable manner to formthe optically dissipating portion
222. The optional, controlled addition of a dissipating nmedium(e.qg,

di ffusive and/or scattering material) to the exposed core nmay further
affect the anmount of light dissipation that the optically dissipating
portion provides. In one variation, as shomn in FIGURE 13C, a coating |ayer

22 el NS ARLNG, TR LRIVRR B er. aﬁ?ﬂrﬁfyﬁﬁ% (oo d Ay
G ss pARREH r@éﬁ‘?ﬁlﬁﬁ@ﬁ% Cgémrir%%efﬁéﬁ Vo et o8 this”Enociief b5

nunbers 5, 946, 441 and 580,932, which are |ncorporated in therr entirety
by t hiv@veghides?Re prerfﬁeatay da¢lndes e prmaeTeapplicallyr Eisuipaling poridenpaRithal,

has a refractive index greater than that of the wavegui de core, and has | ow
opt i calissipater pighbrawayn fgamt Hbe waveguidenpewsil etniedfacof davies. | ifhht optically

di ssipating material may be enbedded in the exposed core using ion

i mpl anlissipatingrpdtitiohwsizan aiayartye agpnggied atleghte postsSf tleatbededi ngbstantially

Furt hernore, wavel ength-sensitive |ight dissipating nolecules could be

appl i edcthagdlakf %ﬂlﬁﬁt‘icalp(éi&ﬁlar' ort RAyWaieasle dshale. VEhé Opsrticafdt kRASe tahd
sel ectively control Irght em ssion as a function of wavelength (e.g.

TR A G A L e
%hi?d@%ﬁ%@%%ﬁ%é%‘%ﬁ%r oS Bb AP A g TSGRy nfETershy el 1
uppor TeieEIt: MUY it oxEdagHR i BV o ARG AEP Ghof il AESURNGYEde 220

pr ef er abl further |ncIudes rel easi ng the wavegui de fromthe substrate

t hr ougravatyinsudiragfien havveg asiongar eempenent perpeadicalarip shelansiiuddaall iyt h.
The process of building, releasing, then cutting the wavegui de 220 nay be
usef ulofttbe wapegnideyrithe dissipytedflighteprpferakblyshasrstbstantiadly omiiforti briensify as
speci fic wavegui de neural interface devices, such as for the specific

cust o fa@ktion o«ﬁtiiﬁbﬂ@ealaﬁg tHé Stafbduide @@ootantl tiﬁefepttbl alslayfushcgish PAdidtance
portions and di mensi ons of the overall mavegurde Al ternatively, the final

| engt higie o RARG iSSP A PEXIRE AL oG W FIGERA!A aMEQD”@(%KzeBHo%l to

rel ease frontthe substrate 1 sone preferred embodi nents, the overal

B%”?LF)P%%LQ@%I‘S% §§é§§rf&§§%% Al gy H%O?I&S%t‘*ﬁﬁgfé’?ﬁ%‘ééﬂf 80
c1 aoioRbieRLYBFE HhicR ] t%rf%@‘é‘@ﬁt‘f"%ﬁtriar e, Al Seral ae&%rsg%lﬂ ¥ udes

a |lower jndex of refraction (n=1,34) than SU-8 (n-1.59) such t hat _the
conbi rﬁi&cllemgqun@étytw ﬁrﬁlﬁt}pn&rf gl%mrﬁsalan&/abwar@@ndp 1(1he idepeh phthe device
reflection. The sacrificial |ayer, |ower cladding |ayer, core, and u

cl addiwhen mpsertedrintgtiefusnabl yornivasteds abovesorFIsIERES 18- 12ifh,eth§rpzpereg@? di ng
| ayer is then patterned with an oxygen plasm to expose and roughen the
core sigufalcemtefact devipatdesgribed diereih praferablymeazblde apleastxiwdidémyn§iodahm
thick is sputter deposited in place of the renoved upper cladding |ayer.

The | 3@k vath @bﬁ'ﬂfbnekﬂns@attéiﬁl% and Rednibéinh ShR@dity Sis rbgftﬁi&ibﬁrotfﬁﬁgtra@&e BISHE
(HF) acid. The waveguide is then released fromthe wafer and

di anonfla %\%%Qﬁqlef Qltﬂo&%h{ &ne alternative embodiments the device may provide light

in any suitable pattern of distribution and/or intensity.
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WO 2011/ 057137PCT/ US2010/ 055720 I ength. In this exanple, the waveguide

thi ckness is on the order of approximately 30 [tm [0045]1n another

vari at i orwof2oa/0sam8egui de fabricati on process, as shown POTRISGUREAST4) t he
wavegui de 220 is an optical fiber with an internal core 230 and an outer

cl addi ng | ayer 232 around the core. Simlar to the first variation 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 nmay additionally and/or alternatively be
texturized in any suitable manner to formthe optically dissipating

o 00T, PPUtR Bheedi 04 BAD' RO hefcofle SuSSRRRI MARE ARG 2pel o

enbed i pating ecures e core surtacC r he

optically dissipati,n ortion. itional, alternati roocesses, for
OP s G e Coteh Sy He D50 2Bl e1iEhg g adriaf ats Bl piabr PORGRA STl B they 1
entitled "Liﬁht-defusing device for an optical fiber, nethods of producing

and u$Pry ladding appanesttgs to olacHitatey dntegnal; gefleationm Hae opavesaids jager |
which is incorporated in its entirety by this reference. [0046] The

el ect ipudterahlys tundeegass tphotoléhogtaphée i peo@iesi dopmpatterabllye | dpdding amal t he
wavegui de 220, and nore preferably in such a manner that the optically

di ssi palectigelpoetpose die cbee, valchgthaetlies opdicaltye ilisdipataig |asibnazpordti dre of
the array of electrode sites. The wavegui de neural interface device my

i ncl U%@%Mi(ﬁ“ﬂﬂcﬁme@ &ﬁ”&i}féﬁé& Qoref Hb%v&e%h@opiﬁz‘é!l?etiigéliﬁaﬁﬂgj p@@MGﬂLﬂf&e
220. As shown in FIGQJRES 10 and 14, in a first vari ation, the el ectrode

st Sy RREH 95040 N SGRNL R0 O RBP4

2011/ Orggyl §Il7c uCJé gs('lzlgs]igellt%?gS ana(%erial to further define the amount of light diffusion. The
amount of light diffusion that the optically dissipating portion 222 provides is at least
partially dependent on the amount of surface roughness of the core, the specific
properties of the dissipating material, width of the optically dissipating portion relative
to the total waveguide width, and waveguide thickness. During fabrication, many if not
all of these parameters can be closely controlled, providing for precise specificity in
waveguide features and detailed customization of the waveguide neural interface device
for a variety of applications.
[0042] In one variation of a waveguide fabrication process, as shown in FIGURE
13A, a sacrificial layer of material 238 is deposited onto a substrate 236, and a lower
cladding layer 232a of cladding material is deposited (e.g. through CVD, PECVD,
spinning processes or any suitable deposition process) onto the sacrificial layer. As
shown in FIGURE 13B, the core material 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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corresponds to the optically dissipating portion 222 of the wavegui de 220
such that the dissipated light is scattered through the aperture 214 to

i1l um natwotnsigiel37The aperture 214 nmay be formed in theCmase@b/oseee ce 210
prior to wapping around the wavegui de 220, or nmay be formed after w apping
around the wavegui de. Furthernore, the optically dissipating portion 222
may be fornmed in the wavegui de 220 before or after wapping the el ectrode
substrate around the waveguide. At |east a portion of the array of

el ectrode sites 212 is preferably near or adjacent to the aperture 214 such
that at | east one recording electrode site is configured to sanple

ci rout e SRR e 288 R R e R B SO B R B8R
P b Bgtir o Tothoven SR PRe i By e RESh s8R ebuienfeicdre Al

substrate is preferapbly simlar in shape and size to an underlyjng

opt i cdPT theontivally thispprting popdon g2t fhe\axpesed gereswiagemay ddinanally
may alternatively be smaller or larger than the optically dissipating
port i emdZop . althpaeveyt bedexbutzedr an eampysubi@bpe rmrameert Ity fornadbed opticalle
wavegui de 220 such that its position relative to the waveguide is fixed.
Al t er nlidsipating poheorebezt Tiodeptoinsl catteolied adéitivmnefie dissipaningymadiuae lied, t o
t he wavegui de, such that the neural device is adjustable along the | ength
and/ Ordiffﬁsiﬁzéhﬁﬂ(&ns@'t&ﬂﬂfé heeriay RPHASpdded coHCMal/Tatthieh affRPeiHeldBodAtt

acts as a novable wi ndow that selectively allows Iight fromthe optically
di ssi pgtyi <t ' g I j f1nC B i O The
R e R R G L
functign of .di ng the.apertur 14, Furiheyt., .the el ectrode

subst PuR i FIETER TGS i dindl 87 ', o Webl Flissibilipd g St e .
opticgﬁ“é,dissipgtiqg ,vmn§01%%037137egT/U 010/ 055720 portion, .The nunber
of ap&UHYM,; XIgedIignEE GaEIds, BEPAR Pﬁ&azebeoq #RY; suiighle ragtezial} gaydhe
greater than the nunber of optically dissipating portions. In one nethod of
f abri sleppsited and pettarridweyerdhe ¢apossddoapdraraxanmie, theyadditien ehardptically

si mul t aneously using | aser ablation, foll owed by the deposition of the

di f f uslissgpatie] oraterdhlt map diei sililar to hieatod exsdribed in &hBvpiteahduarbers grge6,441
formati on may occur separately using any suitable techni que such as

abl at iaad @[5&8bgse! wikckt @ RfcorpdP4élll i alheihentivalyl &yl Ohis defdidfepalhee
portion 222 may alternatively and/or additionally be deposited or otherw se
i nt egrdGhtidh H&%eﬁél%b"ré’t‘éﬁatﬁ% BRIdoRSatiBle, Hddl SroffdciRblifdex tRar&! additAg: 232
is selectively renoved fromthe wavegui de but the |ight dissipating

mat er i . j i ect r.at di t he
wavegu i Ry REHHERb IS AR s 18 RUEELAREERESP T Aot B lBlorb i BEC B
occurs, duyi,ng @assenbly. A transpargent adhesiyve be a ied to.inprove
bt 6 fisogtegratng anfletel VBT eBF ormbpaReeb inn tie JSEORG TP alFIBR Rt
shown ;i n_FI GURE nA, _the wavegui de 220 preferably extends laterally beyond
the ellBtayaEonypsdidusion: opt Hay PPUALMes AbrabedlipBc &' WErmME, nor e
preferably the optically dissipating portion 222 of the wavegui de 220

ext endeavelngthdsepsibizg dight dissipstiong motkeulashouldibe appied hodnffenenE( BURESIn
12B-12D, the dissipated |ight preferably travels laterally away fromthe

| ongi ttheiwwkgaidesatofaricns loeategis ese?etlivehdequtedldighhl emissivnsashs famdtionl bfy
uniformintensity as a function of distance along the waveguide. In this

vari atiRRleriglle (Wa e goeide 24htiRRYcdmfd1UGE 1idhe i dithat FontdnduRets ddpkh&iah! ¥f
di ssipating portion (FIGJURE 12B) or two or nore optically

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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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 wavegui de. The optically dissipating portion may be forned

on anogsui gf)'melﬁeq)%%mfgﬁﬁds A0 D5 RS ol Rk by AR aﬁay

di rection. con

singl e contjinuo di ssi on aor two or e separa
opt Lodie peiodtiedabelyen deptaats bR ruiites” Gladdiis ueriot qﬁﬁiﬂ%tmaw Along
the length of the waveg U|de One advant age .of such a deV|ce is to create
uni f orhidl rrwa@ﬁ§|qf>thsfwa\re@mdq A2q nretespbly; rvgrludes melgasingdhgi waveguide

el enent and do so over a relatively |long spatial dinension, such as the
angl edreddgbestubgiratentliFoGegRANY1Witabdd pojorss,sardwui to BlIsBiRblel paedeteemined
wavegui de 220 may further include a reflector tip that reflects carried

| i ght lehgthgThéerd@agbf bdildialg, flessind then ehitibed tdie Wavegtide b2o shayi bansdfal t hat
described in the first preferred enbodi nent of the wavegui de neural

i nt er figCign SRV CRrodBlarit§f e ehd Qﬁo@@s"sr Al dri @lto Lt RlsOPP shE@fik aRgidgusdnal
axis, light that otherw se would be lost is returned al ong the wavegui de

220 f ofe R AR debflick eﬁdhoa[% foPERH G ARE Qb Ailoh 8 SRpRAINGRAS A

t hereby 1 ncreases efficie

of the optically d1551pat1ng portions and dimensions of the overall waveguide.
Alternatively, the final length of the waveguide 220 may be etched with another hard
mask prior to release from the substrate. In some preferred embodiments, the overall
length of the waveguide 220 may be between 3-400 mm long and/or up to 200 um in
thickness, depending on the application.

[0044] In one specific example, a waveguide includes a core of SU-8 (supplied by
MicroChem) and cladding layers of Cytop CTL-809M (supplied by Asahi Glass). Cytop
includes a lower index of refraction (n=1.34) than SU-8 (n-1.59), such that the
combination of the two materials forms a waveguide with internal reflection. The
sacrificial layer, lower cladding layer, core, and upper cladding layer are preferably
formed as described above. The upper cladding layer is then patterned with an oxygen
plasma to expose and roughen the core surface. A dissipating layer of aluminum oxide
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 [ 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
include nmultiple branches and/or multiple wavegui des configured to

ci v culd By PR e FR: PAE R PRRyiRe hIGRaE 1008 B kPl YabREpiPIr R e

sites and the waveguide. The circuit board in the second preferred
enboditent is preferably sinmilar to that of the first preferred embodi nent.
3. Met hod of Assenbling a Wavegui de Neural |nterface Device [0053]As shown
in FI (84S 15A- IsEangther merinsnopf rrakvavggaidealpbgicatiennpincass, | #t ehowgein
device S300 of a preferred enbodi ment includes the steps of: providing a
neur alFIGE&IRE e4; thetwaveghidber @ispnuoptical yibef welheart imbebmad icoss2 B34a0d aproanedi ng
a wavegui de, separate fromthe neural device, that is configured to carry

l'i ght c?ddﬂiﬁ%da&élﬂgbbuﬁlﬂdmaﬂ @ corndsimithudesthe fit@htathti@ctdfng wheEaMe t hat
redirects the carried light away fromthe wavegui de S320, providing a

cir CUibeH%’ﬁ%(gl Pﬁ%@é qhe cie{d?!ﬂl% @egﬁﬁ Pg%f_efiﬁ)‘ﬂr ?)ﬁtt@ﬂfje(f NPsMBMRY ijé?nO‘&(ﬂg{e i's

configure nterface wth ity of electrode sites and t

b T R R R T S

whi ch atdla?tionally 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 predeterm ned angul ar orientation is based
on a selected direction of redirected |light; and coupling each structure of
t he groupw83Bu/0sompri si ng the neural device, the waveguiPG®/USa0md/053720 ci rcui t
board to at | east one of the other structures in the group, in which
coupling includes fixing the wavegui de at the predeterm ned angul ar
orientation relative to the neural device S352. [0054] The nmet hod of naking
t he wavegui de neural interface device S300 is a nodul ar, cost-effective
approach that has several potential advantages. First, the nethod may
provi de high spatial resolution, since the wavegui de can be rotated al ong

any ax| sfor L X . Y -

ai ren B BRade TR et AN&io it PHFAER R of PAE RSO BHOESR ek Bl s o
may enabl. e uf act ur e of sto vequi des neur.al i.nterface vi ces that
ory casratlens St Sl S AR 2 i R R Y HRds o) o
probl enms that would otherwi se occur. In other words, if the wavegui de and
neur al214dVRE deglosmied: igihist Reprat devise RapaptipleieWrappigg aneundhseyayguide
desirabl e/useful pernutations of wavegui de neural interface device design

i s so 224x gemaydte formiedpdtirsvitapping afounddheivayeghidehBusthesmofe, $he hpticabvi ce.
The met hod can overcone this problem transcending the practical |imts of

a waf elisdipatihg portieaeb2 nidy bd foirhed e tthe avaveyuislepar@mbefoye el cifies sti@pping one
aspect of either the neural device or wavegui de fabrication, thereby

i mpr othagleav@dadabyir@lechraifld tBuvRiakBguia¥ EABlchstCOBbrtRin b deldrid) oft@sdtiadd i on
wavegui de neural interface product. However, in alternative éenbodi nents,

Ui t abl e saps RS e (ROHAREANCHS She HerhirBrd e ThaR e IBG iR 2rY
g e I e T e
o b B A S aRE e oy SIS o el
devi ce and_the wavegui de may be fabricated together in sequence as an
i nt egrexaBwletthgaperiare 2id magehe chugaserl inthhdirection of theplongitudinal axis of
fabr! (‘:[ﬁé va?ar:zéguide, 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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[ 0055] The steps of providing a neural device S310, providing a wavegui de
S320, and providing a circuit board S330 preferably include providing a
neur al dewOcelims7rseur al probe, wavegui de, and circuit bearasséwiobzro t o

t hose described above in the first preferred enbodi nent 100 and/or second
preferred enbodi nent 200 of the wavegui de neural interface device, but may
alternatively include providing any suitable neural device, wavegui de,
and/or circuit board. Furthernore, although the nmethod is primrily
illustrated with a wavegui de neural interface device of the first preferred
enbodi nent, the nethod nmay be perforned to assenble that of the second
prefer i I d i v, i ral
ot er et ot e wiEtordrafares fh ACalt sH- R bR E MR GE, ER.dIRY
wavegui de ¢ ents, and .perhaps additional l.y having a separate circujt
boar o X oRpsGRGn haT Biss T BRLEET ST P RRDRUYES OIS ot GFco P ¢ he
light directing el ement of the waveguide to a predeterm.ned angul ar

or i entfalrigation, gh% eladding raeval pRd aperiaee 2éh nagy heeneptad emuliapgpusly using
particular direction. As shown in FIGURE 15B, the step of orientating the

| i ght laler eahlathon,efodlomied Iy ¢he depbsitioncoilithes difbisivg mpdima. Wdteryativdy abuut
the |l ongitudinal axis of the waveguide to the predeterm ned angul ar

or i entciddding SedibvaHauel apertihe fomiedon daayregeche dephedtely abimgt aanysustableabl e
axis. Furthernore, the step of orienting the light directing elenment of the

wav egybdthigay shéthd'aslatiba s saletitge bftRing\O 2011/ 057137PCT/ US2010/ 055720
wavegui de along a longitudinal, lateral, or any suitable axis S344.

O i entyj t he equl Lt hi e ' si on
of spd00afT U2, (M IHCEHE Voribitb FRRRRacRICLGHRR) KoP ARy ShePRRNEY oHUTROS, D
an x-y plane.fo, becone. features in the z-axjs en,rotated relative to the
meur acRudEahof A PaSine® e, PedraliL B tRE PSS Subd i, X e
neural interface devjce. [0057].Step,S350, which includes the step of,

coupl iIVAGAEABH e wfa&d% 2R theclgetoirly aemoredifrgmy W@Uﬁ%‘ilgeebﬁtc e {lalét
wavegui de, and the circuit board to at |east one of the other structures in
t he grdassppatingotaterial mayfhexreahded ir éhe lelectiodesubgats asd arot tdieecly supthe
formthe wavegui de neural interface device. Step S350 preferably includes
fi xi ngvavieguidey Adighdenaof thedithsdet leyer toetiezogrespondingetd dding ncewlsaturiteg t o
the neural device and/or circuit board. In step S350, the three conponents
(neur aksdlblycer twanpardiieadlanive nifiube Hfaied) tmm£b®m1gnt e@uplingtfoagired in
any order. In a first variation, as shown in FI GURE 15C, step S350 includes
coupl ipguibergygoui de and the circuit board to forma waveguide-circuit
board stlrlulct a%% S362 and coupling the neural probe and the

waveqguyj i rcui oar tructure S3 n. thy i atyi coupl. i. t.he
vvavegttpggg];nd tkﬁel %i%&gl{l %%5%t§)%3q§sogﬁgy ilnncltyl}@éjﬁéoulp fﬁgetwgv‘%él\}ggu%%e to
an optical face of the circuit board havjng,optical conponents.and coupling
the ndFirable prendsdatgrally Beonddhe derttdsrubRlals ok-oiher BaHien AbGIReural

el ectrjical conponents. In a_second varijation, as shown in Fl GURE 15D, step
S350 ids¥iceri®, apdpnprypreferabdy g opicalbedissipating porteni222pefahe waveassida a
neural device-circuit board structure S372 and coupling the wavegui de and

t he ne@oatxtdeds taerllycheyondodnecelettrode sulestB8F4As Ishownt ini FIGWRESat2Bem2Das
shown in FI GURE 15E, step S350 includes coupling the wavegui de and the

neur althdelésipated lightpraferably 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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WO 2011/ 057137PCT/ US2010/ 055720 wavegui de-neural device structure S382 and
coupling the circuit board and the wavegui de- neural device structure S384.
I n sumarwyoahitdsel3vari ati ons of step S350, any order of pasdasedulomszpo t he
neural device, waveguide and circuit board may be used: (1) couple the
wavegui de and the circuit board, then couple the neural device and the
wavegui de-circuit board structure, (2) couple the neural device and the
circuit board, then couple the wavegui de and the neural device-circuit
board structure; or (3) couple the wavegui de and the neural device, then
couple the circuit board and the wavegui deneural device structure. In any
of th . i atl f N £O i . I i r o]
veveor S R o Eng GREERISIZE EERAF Wb R Tk el the ¢ om
a Iigﬁt %ﬁur%ﬁ to the waveguide. In any of these variations of step S350,
coupl i ¢REHE tRE WAYE8UiHGard to the neural device may include coupling an
interconnect (e.g., a flexible interconnect) between the neural device and
the cilP@49% boarld 2 dhird dstagiong [ag shopayin HéHzB%S. 1 angoti), i thg waggushso
may include |layering or stacking two of the conponents (e.g. layering the
neur al22deisi preferably mioanied egui fiest,side ap pherdevine 20orfe@etite 10p. of. thewdepes ng
the neural device over the waveguide), connecting end to end (e.qg.,

coupl i2ng).tImethis variatioahe dpticaky dsipltingnsbreibntibéodaeed ah the wasegwide that
wavegui de), and/or any suitable coupling step. Furthernore, in other

embodisiER tthaf gtitAIBN AissipHRIgTBOHATY cAAFPRSIINHSoURH the didk rPdneslade@uide
indirectly couple any two o he structures. For exanple, both the neural

devi c ' I : ier,
i t hoa ol s U BT BRI B 1 e R R Ry R, A SR B LS
ot her. 58] Stiep .S350 of ¢ | ing may b erf.or . manual | nd/or with
e AeEDrtIRRy  Buten SFuR Wil THESRLRLET digr e ek Blavels [
ai d caomponent WO 2011/ 057137PCT/ US2010/ 055720, al i, gnnent, su s fi.duci al
mar ks JOTTRBS Ongy siite Pr%’@ﬁoﬁl&iﬁenaﬂgf ‘i’rgfoﬁ‘ﬁ@ 16 drpit dghlrRanst ghtable %@@&Bpnng
any two of the structures may include applying an epoxy such a nedical
gr ade Sepdbay t¢ gheysecoadonyiation, Hroravegwidanay inpluds 4 singlesioghiadons optcaly
light) or a UV-curable epoxy, or using fasteners, or any suitabl e adhesive
or ot hissipatangs pooriow arptwoagr oee steppratefoptinafllyi digsipating vortibns e create
structures may additionally and/or alternatively include applying a polymer
over c@adcontidwods Mumeiior MWongfthe Nengthrafahevaseptiden©n@r fantage of such a
device is to create uniform intensity of light in a local tissue volume near 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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[ 0059] As a person skilled in the art will recognize fromthe previous
detail ed description and fromthe figures and cl ains, nodifications and
changes ca02ba/05a3¢ to the preferred enbodi ments of thePCmusSaei0085728 t hout
departing fromthe scope of this invention defined in the follow ng cl ains.
WO 2011/ 057137PCT/ US2010/ 055720 CLAIMS W Claim 1. A wavegui de neural

I nterface device, conprising: a neural device inplantable in tissue and
including an array of electrode sites that electrically communicate with
their surroundings, wherein the array of electrode sites includes at |east
one recording el ectrode site; and

[0051] Additional variations of the waveguide neural interface device may include
any suitable combination of the neural device 210, array of electrode sites, and
waveguide 220. For example, the waveguide neural interface device may include both a
light direction element of the first preferred embodiment and an optically dissipating
portion of the second preferred embodiment.

[0052] In some embodiments, similar to that of the first preferred embodiment,
the waveguide neural interface device of the second preferred embodiment may include
multiple branches and/or multiple waveguides configured to interface with different
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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a wavegui de fornmed separately fromand coupled to the neural device,
wherein the wavegui de carries |ight along a | ongitudinal axis and incl udes
a |light dwoeetiosgisel enent that redirects the carried |i gotr/uSeaniosireo
waveguide to illum nate selectively targeted tissue; wherein at |east a
portion of the redirected light is directed laterally away fromthe

| ongi tudinal axis; and wherein the recording electrode site is configured
to sanple illumnated tissue. 2. The wavegui de neural interface device of
Claim 1, wherein the neural device is a neural probe. 3. The wavegui de
neural interface device of Glaim1, wherein the redirected light is ainmed

sub S\t,&%a&e indll Fodihf %he thilH i%eﬂ%eao(#l? & ste?ecrt:%lf dl20Gb4 ¢! Eﬁire&)é{isllght

The vegui e neur a |nter ace device wherein a
ortion ,of the arr ectrode sites _is located on,a first, face of, the
hour aldeguRlng gaf é‘%@%@éé Cs8TOHE 9829/ HEMRESPETHS S Hlodesy the

waveguide, and the circuit board to at least one of the other structures in the group, in
which coupling includes fixing the waveguide at the predetermined angular orientation
relative to the neural device S352.

[0054] The method of making the waveguide neural interface device S300 is a
modular, cost-effective approach that has several potential advantages. First, the
method may provide high spatial resolution, since the waveguide can be rotated along
any axis to transform a planar x-y dimension into an effective z-axis dimension that
would otherwise be difficult to achieve. Second, the method may enable manufacture of
custom waveguides neural interface devices that are capable of region-specific
illumination, while avoiding cost and yield problems that would otherwise occur. In
other words, if the waveguide and neural device are integrated at the wafer-level, then
the number of desirable/useful permutations of waveguide neural interface device
design is so large that it impedes the profitability of the sale of such a device. The
method can overcome this problem, transcending the practical limits of a wafer-level
approach. Third, the method may separate yield issues in one aspect of either the neural
device or waveguide fabrication, thereby improving average yield and lowering overall
cost of the final combination waveguide neural interface product. However, in
alternative 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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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 |ight through the aperture of the neural device. 7. The wavegui de

nour al . Nt g6 GRARVSREAL. ha B prASRELBhid FRRLs@oPAdENR B le

(58
el ectro@é srtes an wavegul e sane race

neur al i ce. i.de neural i rf.ace..devi.ce of m.Jl,

wher eitretRtatEaa ol ofd SosHatrial i Agenrable 4ESTUEY 1 critheR bigRhdFome
neural device, 9. The wavequi de neural interface device of Claiml,

wher eie¥anpde, |thgmuﬁﬁ1rd@&qer@ reavesBrdeRay haeisated forsthersa RAHERERRT or
that refracts Iight away fromthe longitudinal axis. WO

2011/ ea7ingprardissactore) 6@ 2ben 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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10. The wavegui de neural interface device of Claim1l, wherein the |ight
directing el enent of the waveguide includes a reflector that reflects |ight
away fromvoheltsngrt udi nal axis. 11. The wavegui de neuralr/uspaiensziee of
Claim9, wherein the reflector includes a roughened surface that scatters
light. 12. The wavegui de neural interface device of Claim1, wherein the

| ight directing el enment of the wavegui de includes a | ens that mani pul ates
light away fromthe |ongitudinal axis. 13. The wavegui de neural interface
device of Caiml1, wherein the light directing elenent of the wavegui de

I ncludes an optically dissipating portion that dissipates the carried |ight

to illum : . . L er. : ' :
1 uncl BeRtdE SR g, Jorkhudlef, RGO anFy SR, it SR cPrRG A <.
wh [ | ght. di ti | t di . ti f th Jied

1 Ght "TPGRRCqlT RS REnHGt ATCraR ey ok dBensi of segtinkgarene

I nterface device of Caim14, wherein each |light directing el enent .

redi r 4QRS ANYIAET gls, pRrtigdady fegtures tygrallyin angxvrRlpae to deeompdeatarenist t he

| ength of the waveguide. WD 2011/057137PCT/US2010/ 055720
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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16. The wavegui de neural interface device of Claim1l, further conprising a
second wavegui de coupled to the neural device. 17. The wavegui de neural

i nterfacewoevilgs7s7 C ai m 16, wherein the neural devi cePCmaiSaeiesns3126 i r st
branch and a second branch. 18. The wavegui de neural interface device of
Claim17, wherein the first waveguide is coupled to the first branch and
second waveguide is coupled to the second branch. 19. The wavegui de neur al
interface device of Claiml1, wherein the waveguide is rigid. 20. The
wavegui de neural interface device of Claim1l, wherein the wavegui de further
I ncl udes an inner core and a cl addi ng | ayer over the core, and wherein the

¢l addi ”&zek@?’ i n%é%frali)ﬂdc({v?% cﬂu%ebg%E' Xﬁhycc?&iﬁg%e ti?E cifQhiE b 8 LAG h}eght

di recthg e exp séd“core e mavegu e neura

interface dev |ceo furt conpri sin circuit rd.t
|t or MEBESUCCUAl fEviSE et SpRE Lt sy of ot Foitiats detEngbeReany
wavegui de. _22. The wavegui de neural interface _ device of Claim?2l, wherein
the ciorder of pesenebly of dbamesrabdevce nyayesaidriand sivcaiteheardampy hecesadaithg
el ectrical conponents that interface

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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WO 2011/ 057137PCT/ US2010/ 055720 with the array of electrode sites and an
optical face having conponents that interface with the waveguide. 23. The
wavegui dewoeorials7i3nt er f ace device of C aim 22, wherein Phg/usee1aps3700

el ectrode sites is located on a front face of the neural device that is in
comuni cation with the electrical face of the circuit board, and the
wavegui de is |located on a back face of the neural device that is in
comuni cation with the optical face of the circuit board. 24. The

wavegui de neural interface device of Caim23, wherein the circuit board
further includes a |ight source that provides light to the waveguide. 25.
The aai : ; e . . .

el cct PRRAHLGE SRl 26 AU AR TbST oS FuRshontR RfobRELHAS, Be .
26. A wavegui de neural jnterface device, conprising:. ,a neural device

ol Sl G CRUPHIE G (G o5 R THFCS, YA, s dbphde 4 FREY Aufh a
electrically communicate with their surroundi ngs, wherein the array, of

el ect rBgracali grade epexy fe 8., dPorE dek Iéﬂ‘éET%@bBaPn@fh&he‘étqf‘éw@egit@es;hlféﬂélghé)
wavegui de coupled to the neural device, wherein the waveguide carries |ight
al ong oat 4 biVgeunablenepoxyxios uamg fastdners soraanyoguiialde laghdsise iopathemymeans ifon
that dissipates the carried light to illum nate selectively targeted

t i ssuepupling. 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 wherein at |east a portion of the
dissipated light travels laterally away fromthe |ongitudinal axis fromthe
opti cal | ywoi2esl/gsatsrng portion; and wherein the recordi RgTAISeewN6tIR0 Site isS
configured to sanple illumnated tissue. 27. The wavegui de neur al
interface device of Claim26, wherein the neural device is a neural probe.
28. The wavegui de neural interface device of Caim26, wherein the neural
device includes an el ectrode substrate that is |ayered over the wavegui de,
wherein at |least a portion of the array of electrode sites is |ocated on
the el ectrode substrate. 29. The wavegui de neural interface device of

Cl aim 28, wherein the waveguide is d to the el ectrode substrate such
that the optically dissipating portionI's adjacent to at |east a portion of
t he aR&a¥Hof.electrode sites. 30. The wavegui de neural interface device of
Caim28“WHrein at least a portion of the optically dissipating portion

extends | aterally beyond the el ectrode substrate.
1. 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 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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31. The wavegui de neural interface device of Cl aim 28, wherein the

el ectrode substrate is wapped around the wavegui de. WO

2011/ 057 80RI/0383010/ 055720 32. The wavegui de neur al paTarsb@omsifevi ce of
Claim 28, wherein the electrode substrate includes an aperture that
corresponds to the optically dissipating portion of the wavegui de such that
dissipated light is scattered through the aperture. 33. The wavegui de
neural interface device of Claim32, wherein the recording electrode site
is adjacent to the aperture. 34. The wavegui de neural interface device of
Claim 32, wherein the waveguide includes a second optically dissipating

porti h evl I re . ds
o t naouERELI5"8 sEFALF Tas Pt BR Lt OB £, RESE  ESEHC s oBRBHEERS
di ssi gat e{:i |ight is scattered through the second optically dissipating
porti oHSt138%: “The wavegui de neural interface device of O aim 32, wherein
the aperture is elongated in the direction of the |ongitudinal axis of the
wavegui de. 36. The wavegui de neural interface device of Caim28, wherein
t he wavegui de includes a reflector tip that reflects carried |light along

t he | égngi t ddienwiavegiide 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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37. The wavegui de neural interface device of Cl aim 36, wherein the
reflector may include a selectively roughened surface that nodul ates the

pat h of rwol2ecesai3ri ght. WO 2011/ 057137PCT/ US2010/ 0557 POT/UB3010/DB3%520

wavegui de neural interface device of C aim 26, wherein the dissipated |ight
passi ng through the optically dissipating portion has substantially uniform
intensity as a function of distance along the |ongitudinal axis of the
optically dissipating portion. 39. The wavegui de neural interface device

of Claim 26, wherein the wavegui de further includes an inner core and a

cl addi ng | ayer over the core. 40. The wavegui de neural interface device of

O Mg AR fhledlife HAMH Diel AP hiclfeNE LREACE AT SBE Y aRERRRE LN

core, Wwherein Ssipating portion of e i nt S
the exposed care. 41. The wavequi de negural interface devjce of .C aim 40,
wher TR Gy fieamayeamis: BIITAE SorerenObthihdeuSo ek Fut femi M9 udes
a layer of gptjcally dissipating material patterned on the exposed core.

42. TH@US}EH%@BQ #dS-neural interface device of Caim4l, wherein the
optically dissipating material is alum num oxi de.

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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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 electrode substrate. 47. The wavegui de neur al
interface device of Claim46, wherein the el ectrode substrate includes at

| east one aperture that corresponds to the exposed core, such that

di i ted Light is. tt dt h.th t . 48. The ) id
oo Bt ot ameIfaveryaE Sebrl G Ay I ot DS & Birtels corapEshe: § speond

i ncludes an, optically dissipating material.
waveguide coupled fo 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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49. The wavegui de neural interface device of Claim47, wherein the
wavegui de includes a second optically dissipating portion and the neural
devi ce i meburdamsaizgecond aperture that corresponds to tReTAScandspeically
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
Claim 26, further conprising a circuit board that is double-faced and

i ncludes an electrical face having electrical conponents that interface
with the array of electrode sites and an optical face having conponents

that i i i.de. . i i
dovi oo bF U Bl O clFodE R LT an. Sical IR RAGRY CBRR, il REREE, |
optically diffusive portion that diffuses light. 52. The wavegui de neural
interf g}ét}EFeWF‘%'égué ©daim1, wherein the optically dissipating portion
i ncludes an optically scattering portion that scatters light. 53. A nethod
of assenbling a wavegui de neural interface device, conprising the steps of:
provi ding a neural device that includes a plurality of electrode sites;

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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provi di ng a wavegui de, separate fromthe neural device, that is configured
to carry light along a longitudinal axis and includes a |ight directing

el enent twetoriedirects the carried |light away fromthe Ravaseoidess720
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; WD 2011/057137PCT/ US2010/ 055720 orienting the
light directing elenment 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 redirected |ight;

savegu do, “ARcia: BbtfrbaRof e ARG PR ISR HBH R

wavegui de, e Circui oar east e o ures in

t he group, ,wherei.n coupl.ing..i nclud .0 xing the wavequi de at the
br et or ni ASREE AR FioBf e ST dips i ed DR Gl devi co. 54, The
nmet hod of C.aim53, wherein orienting. the |ight directing el enment includes
rotating®t eherainldgirgeorshag elecweade sigis canfigared e sampple iHanipgeddissie: o t he
predeterm ned angul ar orientation. 55. The nethod of C aim53, wherein
coupling includes coupling the waveguide to the circuit board and coupling
the neural device to the circuit board.

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.
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56. The nethod of C aim55, wherein coupling the waveguide to the circuit
board i ncludes coupling the waveguide to a nulti-faced circuit board

i ncl udi ngvarroopisrsal face and an el ectrical face, whereiPaTasa@biosiy24e he
waveguide to a nulti-faced circuit board includes: coupling the wavegui de
to the optical face of the circuit board having optical conmponents; and WO
2011/ 057137PCT/ US2010/ 055720 coupling the neural device to the electrical
face of the circuit board having el ectrical conponents. 57. The nethod of
Cl ai m 53, wherein coupling including coupling the wavegui de and the circuit
board to forma waveguide-circuit board structure and coupling the neural

devicgto by W%%?g%ﬁidgeh&&@g“fn‘teﬁﬁ’&r ‘E’ie@{cﬁ“SF Cliim g%/iv%%?%i%tﬂ?%gelgétr(%eai m

53, erein cou i'nc s coupling e neura circuit
board to form a, neural device-circuit boar ruct.ur nd. coupl i ng. t he
e Re s bR L DS Bt Petpondn e the PobrhTe ARSHGRIR AOan SE o
Cl aim 53, wherein coupling.includes, coupling.the waveguide to the neural

devi cdhe yavegwids syel Baali diesipalgd dighyis scattered trough the/dpgdust i ng the circuit

board to the wavegui de-neural device structure.

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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60. The nethod of C aim 53, wherein coupling the wavegui de to the neural
probe includes layering the neural device over the waveguide. 61. The
nmet hod ofwa@l2aimsé0;7 wherein | ayering the neural device ®@CErUSRI®/08ET2@QUI de
i ncl udes wrappi ng the neural device around the wavegui de.

38. The waveguide neural interface device of Claim 26, wherein the dissipated light
passing through the optically dissipating portion has substantially 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.
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44. The waveguide neural interface device of Claim 40, wherein the waveguide is a

thin-film structure.

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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50. The waveguide 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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» orienting the light directing element of the waveguide to a predetermined angular
orientation relative to the neural device, wherein the predetermined angular
orientation is based on a selected direction of redirected light; and

* 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 having

electrical components.

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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