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[ 0002] This invention relates generally to the neural interface field, and
nore specifically to an inproved neural interface systemin the neural
interface field.

NEURAL INTERFACE SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of US Provisional Application number
61/252,345, filed 16 October 2009, and US Patent Application number 12/848,828 filed

02 August 2010, which are both incorporated in their entirety by this reference.

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

specifically to an improved neural interface system in the neural interface field.

BACKGROUND
[0003] Chronic Deep Brain Stimulation (DBS) devices, or “brain pacemakers”, is a
treatment of neurological and psychological disorders. Conventional DBS devices
provide electrical stimulation through a lead having four relatively large electrodes that
are implanted in a targeted region of the brain. While conventional DBS therapy is
generally safe and effective for reducing cardinal symptoms of the approved diseases, it
often has significant behavioral and cognitive side effects and limits on performance.
Additionally, the therapeutic effect is highly a function of electrode position with respect
to the targeted volume of tissue, and more specifically, a function of which neuronal
structures are influenced by the charge being delivered. With conventional DBS

electrodes, there are limitations as to how a charge is delivered, and stimulation fields



BACKGROUND [ 0003] Chronic Deep Brain Stimulation (DBS) devices, or "brain
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are limited, as all of the electrode sites involved with stimulation are positioned along a
single axis. Thus, there is a need in the neural interface field to create an improved
neural interface system that provides fine electrode positioning, selectivity, precise
stimulation patterning, and precise lead location. This invention provides such an

improved neural interface system.

BRIEF DESCRIPTION OF THE FIGURES
[0004] FIGURES 1A and 1B are side and perspective schematic views,
respectively, of the neural interface system of a preferred embodiment;
[0005] FIGURE 2 is a schematic of electrode site spacing on the electrode array of
a preferred embodiment;
[0006] FIGURES 3A, 3B, and 3C are an unwrapped planar view, a perspective
view, and a cross-sectional axial view, respectively, of an example activation pattern
activating electrode sites circumferentially around the carrier;
[0007] FIGURES 4A, 4B, and 4C are an unwrapped planar view, a perspective
view, and a cross-sectional axial view, respectively, of an example activation pattern
activating electrode sites partially circumferentially around the carrier;
[0008] FIGURES 5A, 5B, and 5C are an unwrapped planar view, a perspective
view, and a cross-sectional axial view, respectively, of an example activation pattern

activating electrode sites axially along the carrier;



to the targeted volune of tissue, and nore specifically, a function of

whi ch neuronal structures are influenced by the charge being delivered.
Wt h conweot2oonabesBBS el ect rodes, there are |imtationsPag/useotowia’ char ge
is delivered, and stinulation fields WD 2011/046665PCT/ US2010/ 044167 are
limted, as all of the electrode sites involved with stinulation are
positioned along a single axis. Thus, there is a need in the neural
interface field to create an inproved neural interface systemthat provides
fine electrode positioning, selectivity, precise stinulation patterning,
and precise |ead location. This invention provides such an inproved neural

| Nt et [8GG9rY St CRIGHRES SR S O (e Ihnfh G MaRA W etspeed | B

are si d perspeciive sSc I C VI ews,

view, and a cross-sectional axial view, respectively, of a second example activation
pattern activating electrode sites axially along the carrier;

[0010] FIGURES 7A and 7B are an unwrapped planar view and a perspective
view, respectively, of an example activation pattern activating electrode sites around and
along the carrier;

[0011] FIGURE 8 is a schematic drawing of a variation of the trace layout pattern
in the electrode array of a preferred embodiment;

[0012] FIGURE 9 is a schematic drawing of a variation of the substrate shape in
the electrode array of a preferred embodiment;

[0013] FIGURE 10 is a schematic of the wrapping step of forming an electrode
array of a preferred embodiment;

[0014] FIGURE 11 is a schematic drawing of a second variation of the trace layout
pattern in the electrode array of a preferred embodiment;

[0015] FIGURE 12A is a schematic side view of the neural interface system of a
preferred embodiment;

[0016] FIGURE 12B is a cross-sectional view of the electrode array and carrier
taken along the line X-X in FIGURE 12A;

[0017] FIGURE 12C is a detailed cross-sectional view of the electrode array and
carrier taken in panel W in FIGURE 12B;

[0018] FIGURE 12D is a cross-sectional view of the electrode array and carrier

taken along the line Y-Y in FIGURE 12A;



[0019] FIGURE 12E is a detailed cross-sectional view of the electrode array and
carrier taken in panel V in FIGURE 12C;
[0020] FIGURE 13 is an illustration of the steps of making a neural interface
system of a preferred embodiment; and
[0021] FIGURE 14 is a schematic drawing of the neural interface system

implanted in a patient.

SUMMARY

In accordance with a first aspect of the present disclosure, there is provided a neural
interface system comprising a) a substrate that is configured to be formed into a three-
dimensional shape and comprises spaced apart first and second lateral edges extending from a
proximal edge to a distal edge, wherein the first and second lateral edges comprise respective
first and second wavy shapes curving alternatively in opposite lateral directions as they
extend axially at least part way from the proximal edge to the distal edge of the substrate; b) a
plurality of conductive traces patterned on the substrate and adapted to transmit electrical
signals; and c) a plurality of electrode sites supported on the substrate and individually
electrically coupled to one of the plurality of conductive traces; and d) a carrier supporting
the substrate in a three-dimensional shape, wherein the first wavy shape of the first lateral
edge is interleaved with the second wavy shape of the second lateral edge to thereby form an
interleaved boundary at the first and second lateral edges of the substrate supporting the

electrical sites and the conductive traces on the carrier.

In accordance with a second aspect of the present disclosure, there is provided a
method of making a neural interface system, comprising the steps of a) providing a flexible
substrate comprising spaced apart first and second lateral edges extending from a proximal
edge to a distal edge, wherein the first and second lateral edges comprise respective first and
second wavy shapes curving alternatively in opposite lateral directions as they extend axially
at least part way from the proximal edge to the distal edge of the substrate; b) depositing a
first polymer layer on the substrate; c¢) building a plurality of conductive traces on the first
polymer layer; d) depositing a second polymer layer on the substrate; e) building a plurality

of electrode sites that are individually electrically coupled to one of the plurality of
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conductive traces; and f) forming a carrier supporting the substrate including the electrode
array into a three-dimensional electrode array such that the first wavy shape of the first lateral
edge is interleaved with the second wavy shape of the second lateral edge to thereby form an
interleaved boundary at the first and second lateral edges.

In accordance with a third aspect of the present disclosure, there is provided a neural
interface system, which comprises a) an electrode array comprising: i) a substrate provide in a
three-dimensional shape; ii) a plurality of conductive traces patterned on the substrate; and
iii) a plurality of elliptically shaped electrode sites coupled to the plurality of conductive
traces, wherein the electrode sites include at least one of a recording electrode site and a
stimulation electrode site that is configured to electrically communicate with its
surroundings; and b) a carrier that supports the electrode array; c) wherein the plurality of
electrode sites are arranged in a triangular lattice circumferentially around and axially along
the carrier; and d) wherein the substrate includes a longitudinal edge that extends axially
along the carrier and is constrained between a first axial row portion of the plurality of
electrode sites and a second axial row portion of the plurality of electrode sites adjacent to the
first axial row portion; e) wherein the longitudinal edge of the substrate includes a set of
undulatory extensions with a ratio of a major axis of the plurality of electrode sites to a minor
axis of the plurality of the electrode sites being: i) proportional to the amplitude of the set of
undulations; ii) proportional to an outer diameter of the three-dimensional shape of the

substrate; and iii) inversely proportional to the edge-to-edge spacing.

In accordance with a fourth aspect of the present disclosure, there is provided a
method of making a neural interface system, comprising the steps of a) providing a flexible
substrate comprises spaced apart first and second lateral edges extending from a proximal
edge to a distal edge; b) removing selected portions of the substrate to form first and second
lateral edges having respective first and second wavy shapes curving alternatively in opposite
lateral directions as they extend axially at least part way from the proximal edge to the distal
edge of the substrate; c) depositing a first polymer layer on the substrate; d) depositing a
metal layer on the first polymer layer and patterning the metal layer to form a plurality of
conductive traces; e) building a plurality of electrode sites coupled to the plurality of
conductive traces; f) depositing a second polymer layer on the substrate; and g) rolling the
substrate to interleave the first wavy shape of the first lateral edge with the second wavy

shape of the second lateral edge to thereby form an interleaved boundary at the first and
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second lateral edges of the substrate supporting the electrical sites and the conductive traces

on the carrier.

In accordance with a fifth aspect of the present disclosure, there is provided an
electrode array, which comprises a) a substrate that is configured to be formed into a three-
dimensional shape and comprises spaced apart first and second lateral edges extending from a
proximal edge to a distal edge, wherein the first and second lateral edges comprise respective
first and second wavy shapes curving alternatively in opposite lateral directions as they
extend axially at least part way from the proximal edge to the distal edge of the substrate; b) a
plurality of conductive traces patterned on the substrate; and c¢) a plurality of electrode sites
supported on the substrate and individually electrically coupled to one of the plurality of
conductive traces, d) wherein the first wavy shape of the first lateral edge is configured to

interleave with the second wavy shape of the second lateral edge.

In accordance with a sixth aspect of the present disclosure, there is provided an
electrode array, which comprises a) a substrate that is configured to be formed into a three-
dimensional shape and comprises spaced apart first and second lateral edges extending from a
proximal edge to a distal edge, wherein the first and second lateral edges comprise respective
first and second patterned shapes selected from the group consisting of wavy extensions,
rectangular extensions and square extensions as the lateral edges extend axially at least part
way from the proximal edge to the distal edge of the substrate; b) a plurality of conductive
traces patterned on the substrate and adapted to transmit electrical signals; and c) a plurality
of electrode sites supported on the substrate and individually electrically coupled to one of
the plurality of conductive traces, d) wherein the first lateral edge is configured to interleave
with the second lateral edge to thereby form an interleaved boundary at the first and second

lateral edges.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] 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.

[0023] As shown in FIGURE 1, the neural interface system 100 of the preferred
embodiments includes an electrode array 110 having a substrate 120 rolled into a three-
dimensional array shape, a plurality of conductive traces 140 patterned on the substrate
120 and adapted to transmit electrical signals and a plurality of electrode sites 150
coupled to the plurality of conductive traces 140; and a carrier 170 that supports the
electrode array 110. The electrode array 110 is preferably coupled to the carrier 170 such
that the electrode sites 150 are arranged in a triangular lattice eircumferentially around
and axially along the carrier. The substrate 120 preferably includes an edge that extends
axially along the carrier and is constrained between a first axial row portion of the
carrier and a second axial row portion of the plurality of electrode sites adjacent to the

first axial row portion. The electrode sites 150 may include recording electrode sites
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view, and a cross-sectional axial view, respectively, of an exanple
activation pattern activating electrode sites axially along the carrier;
WO 2011/ OW6@66RAEI#68)S2010/ 044167 [ 0009] FI GURES 6A, 6B, amdTAS2&004467

unw apped planar view, a perspective view, and a cross-sectional axial
view, respectively, of a second exanple activation pattern activating

el ectrode sites axially along the carrier; [0010] FI GURES 7A and 7B are an
unw apped planar view and a perspective view, respectively, of an exanple
activation pattern activating electrode sites around and along the carrier;
[0011]FIGURE 8 is a schematic drawing of a variation of the trace |ayout

patt €T3dhd/or stimulation electrode sites, and may be individually activated or simultaneously

activated as a group to create an activation pattern. The neural interface system 100
preferably provides deep brain stimulation and, more specifically, deep brain
stimulation with one or more of the following attributes: fine electrode site positioning,
selectivity, tunability, reduced power consumption, increased fault tolerance, and
precise activation patterning. The system may alternatively be used in any suitable
environment (such as the spinal cord, peripheral nerve, muscle, or any other suitable

anatomical location) and for any suitable reason.

1. The Electrode Array

[0024] The electrode array 110 of the preferred embodiment functions to interface
with tissue, or any suitable substance, that it has been implanted in or coupled to. The
electrode array 110 preferably includes a substrate 120, a plurality of conductive traces
140 adapted to transmit electrical signals, and a plurality of electrode sites 150, such
that a group of the electrode sites may be simultaneously activated to create an
activation pattern. The neural interface system 100 may include a single electrode array
110 with a plurality of electrode sites 150, or may alternatively include a series of
electrode arrays, each with a plurality of electrode sites. The electrode array 110
preferably provides the capability of incorporating feedback control through neural
recordings for eventual on-demand simulation. The electrode array 110 may further
include fluidic channels providing the capability to deliver therapeutic drugs, drugs to

inhibit biologic response to the implant, or any other suitable fluid.



in the electrode array of a preferred enbodi nent; [0012]FIGURE 9 is a
schematic drawing of a variation of the substrate shape in the el ectrode
array of woppefeséesd enmbodi nent; [0013]FI GURE 10 is a sehenstélo/oefiet he
wrapping step of formng an el ectrode array of a preferred enbodi nent;
[0014] FIGURE 11 is a schematic drawi ng of a second variation of the trace

| ayout pattern in the electrode array of a preferred enbodi nent;

[ 0015] FI GURE 12A is a schematic side view of the neural interface system of
a

[0025] The electrode array 110 is preferably has a three dimensional geometry in
which the substrate 120 is rolled into a three-dimensional array shape and the
conductive traces 140 and the plurality of electrode sites 150 are preferably arranged on
and around the three dimensional shape. As further described below, in this variation,
the electrode array is preferably manufactured in such a way that none of the electrode
sites 150 are obscured. The geometry of the electrode array 110 preferably has a circular
or semi-circular cross section, but may alternatively be any suitable geometry with any
suitable cross section such as an eccentric ellipse, v-shaped, or a crescent cross section.
The three dimensional electrode array is preferably formed by pre-forming a planar
electrode array. This is preferably completed by positioning the planar electrode array in
a mold and then placing the mold and electrode array in a furnace to be tempered, but
may alternatively be completed by any suitable process that alters the physical shape of
the planar substrate 120. The three-dimensional electrode array may be wrapped
directly around the tissue to be stimulated, such as a peripheral nerve or spinal cord, or
in any suitable configuration to interface with tissue, or any other suitable substance,
that it has been implanted in or coupled to. In the planar electrode array, the substrate
120 is planar and the conductive traces 140 and electrode sites 150 are arranged on the
planar substrate 120. In some embodiments, the planar electrode array may be
particularly useful for stimulation of surface tissue such as surface stimulation of the
brain or spinal cord. The electrode array may include electrode sites 150 arranged in a
staggered layout pattern, a hexagonal layout pattern, a linear rectangular pattern, or any

suitable pattern.



preferred enbodi nent; [0016] FI GURE 12B is a cross-sectional view of the

el ectrode array and carrier taken along the line X-X in Fl GURE 12A,

[ 0017] FI GUMBB0AG6468 a det ail ed cross-sectional view of Phe/usk@ouqade array
and carrier taken in panel Win FIGURE 12B; [0018] FIGURE 12D is a
cross-sectional view of the electrode array and carrier taken along the
line Y-Y in FI GURE 12A;

[0026] The substrate 120 of the electrode array functions to provide a base
material onto which layers of material forming the electrode array are deposited. As
shown in FIGURES 12 and 13, layers of material deposited on the electrode array
preferably include at least one layer of polymer and at least one layer of metal. More
preferably, the layers include a first polymer layer 126 and a second polymer layer 128, a
first metal layer 130 between the first and second polymer layers used to form the
plurality of conductive traces 140, and a second metal layer used to form the plurality of
electrode sites 150. The first and second polymer layers preferably include silicon
dioxide and silicon nitride, the first metal layer preferably includes polysilicon, and the
second metal layer preferably includes platinum. The layers on the substrate 120
preferably further include a third metal layer, such as gold, used to form bond pads 160
that electrically couple the plurality of conductive traces 140 to the plurality of electrode
sites 150. The layers on the substrate 120 may further include a third polymer layer 162,
such as parylene, that provides an external layer of insulation surrounding the electrode
sites 150. However, the substrate 120 may have any suitable number of layers including
any suitable materials deposited on the substrate.

[0027] Since a triangular lattice or other staggered electrode site pattern cannot
be parted by a single straight line in an axial direction along the carrier, such a staggered
electrode site pattern cannot be laid onto a rectangular substrate without having
obscured or covered electrode sites, extra substrate space unpopulated by electrode sites
150, or overlap of substrate when forming a three-dimensional electrode array from a

planar electrode array. As shown in FIGURES 8-11, to avoid obscuring electrode sites, in



WO 2011/ 046665PCT/ US2010/ 044167 [0019] FI GURE 12E is a detail ed
cross-sectional view of the electrode array and carrier taken in panel Vin
FI GURE 1290 2p00R2646F1 GURE 13 is an illustration of the stepasefiomakdbng a
neural interface systemof a preferred enbodinent; and [0021]FIGURE 14 is a
schematic drawing of the neural interface systeminplanted in a patient.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

some preferred embodiments, the substrate 120 preferably has at least one axial edge
122 that is constrained between a first axial row portion of the plurality of electrode sites
and a second axial row portion of the plurality of electrode sites adjacent to the first
axial row portion. Another way of describing the edge is that the edge 122 preferably has
a shape that circumvents or avoids a portion of the plurality of electrode sites 150 when
the substrate is rolled. The edge 122 is preferably on a lateral side of the substrate 120,
preferably running approximately longitudinally in an axial direction along the carrier.
As shown in FIGURES 8 and 11, the edge 122 may run axially along the entire length of
the carrier. As shown in FIGURE 9, in some embodiments the edge 122 may run axially
along only a suitable portion of the entire carrier length, and may further include
additional similar axial edges along other portions of the carrier length. In a first
variation, as shown in FIGURE 10, the edge 122 extends past and overlaps at least a
portion of the rolled substrate 120, and preferably includes a set of extensions 124 that
interleave with the outline of a portion of the electrode sites 150 on the rolled substrate,
thereby circumventing the electrode sites to avoid obstruction. The set of extensions 124
preferably closely follow the edges of the electrode sites 150 and may, for example, be
contoured in a curvilinear manner to include wavy extensions or shaped to include
rectangular or square extensions, or any suitable extensions. The set of extensions may
be regularly or irregularly spaced, and/or regularly or irregularly patterned.
Alternatively, the edge 122 may be straight or curvilinear, without a set of extensions
124. In another example of the first variation, the substrate further includes a slot

aligned axially along the carrier length, and the edge of the substrate extends past a



[ 0022] The follow ng description of preferred enbodi nents of the invention
is not intended to limt the invention to these preferred enbodi nents, but
rat her towenatlme@sy person skilled in the art to nmake &nd/uss&oinils?

i nvention. [0023]As shown in FIGURE 1, the neural interface system 100 of
the preferred enbodi nents includes an el ectrode array 110 having a
substrate 120 rolled into a three-dinensional array shape, a plurality of
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to the plurality of conductive traces 140; and a carrier 170 that supports

th I . [ : th
carri G008 o8 S S Re 203 BbEATE i Yefor kel BLEER By SEURIE S, L °
latti e cj nf, tiall d i all I t.h ier. Th
B e T R TR T T e

. 9 ived b £i Cal : ¢ th .
and o ‘BEBgRdeaNTaR e aS Boriies APGRaL Hehascep Hhe perustmEnol sz n 88€ a-acent
to the first axial row portion. The el ectrode sites 150 may i ncl ude

r ecor 0028Je! ect dode sedondsvarigiar b/ dwees BPETGUBHD 9/a0uli 116 Thasubsirate 120
stinulation electrode sites, and may be individually activated or

si mul tramefwsher metidead sekonsl @dggr @igp oppositetiefien edgtirea] il epedridsraxiallhe
neural interface system 100 preferably provides deep brain stinmulation and,

nore &g the ehirier AREM&¥RIRe ﬁréﬂ’@ﬂ%”é 199 iid BordPRerRéntdBy €adMion RehdrotheOW ng
[

attributes: fine electrode site positioning, selectivity, tunability,

reduced,pones 1%%?8@&&.%miia@%eﬁ§ﬁ% Bg#' Yarddt} Al acp)ﬁlefbrsf‘%ﬁdgéﬁgé&)%d edee o

activation patterning. e system nay alternative e used inany s
o SRR a4 AR B0 A GRTEL el HE ok o
Bl ect re?edc%roe{ers?t%, thereby circumventing the electrode sites 150 to avoid obstruction.

[0029] The plurality of conductive metal traces 140 in the electrode array 110
function to transmit electrical signals, such as recording and/or stimulation signals to
the plurality of electrode sites 150. To improve electrode array efficiency and
functionality, the traces 140 preferably have equal and minimized impedance, to avoid
irregularities of charge distribution and to reduce overall power consumption. Since
each trace preferably terminates at an electrode site associated with that trace, there are
more traces towards the proximal end of the electrode array than towards the distal end
of the electrode array. Therefore, to achieve equal impedance among the traces 140,
trace width preferably varies with respect to trace length, and more preferably, as shown
in FIGURE 11, the trace width is preferably increased for longer traces. For example,
between a first conductive trace having a first distal end and a second conductive trace

longer than the first conductive trace and having a second distal end, the second distal

end is preferably wider than the first distal end. To minimize overall impedance, the



[ 0024] The el ectrode array 110 of the preferred enbodi nent functions to
interface with tissue, or any suitable substance, that it has been
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[0027] Since a triangular lattice or other staggered el ectrode site pattern
cannot be parted by a single straight line in an axial direction along the
carrier, wWocehtia4sdeagger ed el ectrode site pattern cannot Po@/usadid/oensd a
rectangul ar substrate w thout having obscured or covered el ectrode sites,
extra substrate space unpopul ated by el ectrode sites 150, or overlap of
substrate when form ng a three-di nensional electrode array froma pl anar

el ectrode array. As shown in FIGURES 8-11, to avoid obscuring el ectrode
sites, in WD 2011/ 046665PCT/ US2010/ 044167 sone preferred enbodi nents, the
substrate 120 preferably has at | east one axial edge 122 that is
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portion of the plurality of electrode sites 150 when the substrate |s
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preferably running approximately longitudinally in an axial direction along
t he carpkxianal s distahvralomg FhasmbSirateango) contimeingdgléd the2presymaliendxofathey
along the entire length of the carrier. As shown in FIGURE 9, in sone
enbodisobsiratet 1. ddghisl@Riation, the teaceshhy” preforpbdybye pasilliel abtlee pxint edge of
the entire carrier length, and may further include additional simlar axial
edges 1abongd FbNEW (e Efdfﬂ@ off actife eé?é nber th&ksi hpetéiﬂirﬂ% il dovirigeadf gy as
shown in FIGURE 10, the edge 122 extends past and overlaps at |east a

porti %ﬂb@tfraffggr taﬁ g(% 48wat ﬁ%ﬁaf&"ﬁ ?n&%ﬁa?ﬁééd%ﬁ%ﬁ{ﬁiﬁgﬂ YralcBEhYHe s ﬁleetﬁeer%i)ly

ext ensi ons Interl eave W Ine of a portion of 't

el ectrode sit 1 on_the.nalled trateg,. the i.rgu nt | h

ol oot rguierriE e gl B vt BikpSh Sab i Bup BB ofif BHCMETH Pckufto
closely follow the edges . of the eI.ecflrode%]Ziites 150 and n%g for exanpl e,
be cortbedirelgvatiatipn, Jubsbate Ao i the seqand traee RAVS L XAEALGTH KsP er@ﬁf}bed
to include rectangul ar. or square extensions, or any suitable extensions.
The sdengsr lkudt eagPyas thay the snbguatgr12p by the fissfuira¢d padeac eeriatien fer the
regularly or irregularly patterned. Alternatively, the edge 122 nay be

st r ai gameofindshed [threeadimensidmalt ekecaetle ofirrayt shregieonSodruction arod hthree-
exanple of the first variation, the substrate further includes a slot

al i gnelimexkinby eRlcandetdreayc atth Pighedoid) tradd iye ieggefepdblyemslubss thbe
extends past a WO 2011/ 046665PCT/ US2010/ 044167 portion of the substrate 120

and i §o} BAGAEQPodd hfraly ReitR 19erdll K8cd 14D, kPt §RXt BRCWiigh@ding trhéReryoend
of the rolled substrate that contains the edge. In this exanple, the edge

may inglu ] i h nt, .. of
the edfs PrerrRONTSE AgBsR il 85 oot Rh ARGER Ife WhE R o
and ii, {h&}substratf 120 may .fuyrther include.a second ﬁdge 123, opposite
the filFgteradilyeaqanged nilt omer Oh dlieski WAaNansoRh PHET Sy A r ARt élt Mdhe
fi rst@idge 12 'hn a conpl.enentary_ fashion en the substrate 120_.is roll ed.
Si mi | &ltefpatively e arranged\iganysudtable pattenny tor condpeting steshaca sinady & Braabl y
includes a set of extensions that interleave with the outline of a portion
of t helesteasgter vths 150t s showmeby FIGUREa he mjurdlisy of eonduciévesiraess 1BDare
avoi d obstructi on.

preferably patterned from the first layer of metal on the substrate 120, sandwiched

between the first and second layers of insulating polymer, and are preferably made of
polysilicon, although the conductive traces 140 may alternatively be made of any

suitable conductive material.
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[ 0029] The plurality of conductive netal traces 140 in the el ectrode array
no function to transmt electrical signals, such as recording and/or
stinul at iwo28ilgedes to the plurality of el ectrode sitesPCPAIS2000/08419T OVe

el ectrode array efficiency and functionality, the traces 140 preferably
have equal and m nim zed i npedance, to avoid irregularities of charge
distribution and to reduce overall power consunption. Since each trace
preferably term nates at an el ectrode site associated with that trace,
there are nore traces towards the proxi mal end of the electrode array than
towards the distal end of the electrode array. Therefore, to achieve equal

tovar . to_achi eve
to 1 3088 et n. R RILEARESE P Bl R08 HELPuR SR bRl el B et
Fi st thoHEEADECa R BE Rt AR S G iBRs Rt SBRlsRe (R P

trace _longer than the first conductive trace and having a second di st al

end, theendaydanted; By ar cennpledstqyr B elgsincalicosrmupiatiopeistpretaraplysa dighngd.
To minimze overall inpedance, the WO 2011/ 046665PCT/ US2010/ 044167 traces
ar e priefgeaby ypulsedelgeidtia currént; slesticadistinndatien i mdreipoldre bipadaw dripolasy  as
much substrate surface area as possible, while providing electrical

i sol atandiiobquadeipord] modes; 4 revoeding[ AIQ3&dimibal signle) dit tohnsinizgiodt iavd/ o aces
140 may be arranged on the substrate 120 in at |east one of several

var i atgn9aitablardtdteicAecorhugiiéMdn. N FIGURE 8, in a first variation, the
traces 140' are preferably arranged laterally along the substrate 120,

cont i g of f i bs: J tiLi zi t he
cnti v QPS80 HIEERNC Ry U h PR ek PRl el BeNbup AR Lo
substrate 120 grea. In thi riation, lateral traces 140),are preferably
ahor t 4P S A5 Rani o iR Ml QRuiuly SRR 8¢ AR BrelabhhiFaBhiL B

| ower i npedance, ﬁ§ sho in F] GURE 10, c%?struct'on of a three-dinmensi onal
cyl i nditcemtesndrllysaund thy coirier waradaxialinalons the cagierigoan 3 stagegtes

wr appi ng the planar el ectrode array, such that the lateral trace ends that
are "ftrigagulandattige pdgdrn %%l@bm@éowm@sﬁl(ﬁﬂﬁmnpéhe wiangular lagtied 252 r ode
array and pre-formed into an arrangenent of circunferential rings on the
carri as praferably anprqgfilatel yriamguihe(setdiimes agfpimed tbhes Indxaganalplletice pbhet
array, positioning the planar electrode array in a nold and then pl acing

t he nahgl; ahereliRely Bearnidosyeled) tdah@ilAAEFhdAbRE 14®IFREbL G, sddlénd B¥angular
alternatively be conpleted by any suitable process that alters the physical

TP pianet) SR Ui SRS DO R,
Lg?”s%ﬁcuﬁiﬁfeﬁ{da‘fl %@hﬁﬁgﬂh%réeaf%%? ‘176 &&%ﬁﬁl@lp@@ﬁlﬁé’ tCﬁmsr J@gﬁ ;aagggﬁr ray

The “'ntérconnec erabl'y pass ax ero Fat e
120 and preferabl coqﬁinue axially within the carrier. As shgwn in El GURE
12, ¢ RECAREWRE gh sHuee lahieegpatferagt gny ndiiable SaUGR Hiorsdmé crberiigentisthe wo
2011/ 046665PCT/ US2010/ 044167 i nterconnects are preferably nade of titanium
and/ orelesgrade siigs 1nRyMaY E ErEHIRedynghenBbination, ofdifforany la%tqeerd@ra@ga%mlm abl e
material. As shown in FIGURE 11, in a second variation, the traces 140"
pr ef eroaligl poréixnefdheelexhitode(aaray. magxnelnderagportiog efidéectaddeysifesorpoparwangel t o
distal) along the substrate 120, continuing off the proximl end of the
subst riat & Hed@gohal 1ditise,vaihilat hoothet hporttioace$ dld@rody sites aioy nadaye heaidld el
to the axial edge 122 and follow the profile of axial edge 122, thereby

ret ai Hapgldloglansyelgee. afhe dt8gSitba! fr?ét%u‘i’dlel%tt‘i& bR Q¥esRlkctrHBESRECE.
Longi tudi nal "traces 140" are preferably 1onger and therefore have slightly

hi gher. i 4l d t i Lation.
The. SUBGrTaY B oe Bt Ao raas A tHe BHoRAEE A ASaRES Miter B LidkBlrdihyBh

| onger__but narrower than.t.he substrate 12Q in the first trace pattern

var P aBegii & CqRESE ABRRiAEEH OF Hh bRert s fawanriaet o feE TR )i
Construction of a, three-d|nensional ?Iectr de array with Lonthudin

t r aceSItena50;fQr skyeay Aliopy INGreasing resolution of simation conigl Having adugher

| ateral traces 140', except that the longitudinal traces 140 are preferably
not wapped within the el ectrode array. Al though the traces 140 are
preferably arranged in one of these variations of patterns, the traces 140
may alternatively be arranged in any suitable pattern for conducting

el ectrical signals to the electrode sites 150. As shown in FIGURE 12, the
plurality of conductive traces 140 are preferably patterned fromthe first
| ayer of netal on the substrate 120, sandw ched between the first and
second | ayers of insulating polyner, and are preferably nade of

pol ysilicon, although the conductive traces 140 may alternatively be nade

e



WO 2011/ 046665PCT/ US2010/ 044167 [0031] The plurality of electrode sites 150
of the preferred enbodi nents functions to electrically comunicate with the
ti ssue, owoany/@séser suitabl e substance, that it has beenTiuspéiansgad? i n or
coupled to. The electrical comunication is preferably a high-frequency,

pul sed electric current; electrical stinulation in nonopolar, bipolar,
tripolar, and/or quadrapol ar nodes; a recording of electrical signals; data
transm ssion; and/or any suitable electrical comunication. [0032] The

el ectrode array of the three-dinensional variation may be coupled to the
carrier. As shown in FIGURE 1, the electrode sites 150 are preferably

arran I r I r i.er .all g
The caprgfod of el HIuEsAEI R iR eIl B i BT Ay e B1
shown .in FI.GURES 8-11,..the triangular . lattice 152 is prefergbly an

oqui | 40at dPICTcRnSea i  BomutuIfeacrSpar S bESomes nadBaftirn s et dlosely,

may alternatjvely be an . isosceles triangular (rhonbig) lattice, or a .

scal efe1gh Oaﬁgﬁmﬁ‘@tr@éar%memfgmw €) utibizad wdth Lutﬁ}é)rda Eepseyin thegapewis r ode
sites 150 may be arranged circunferentially around the carrier 170 and

axi al lejfeal. ohgeednsl edvarnitege is7thdtrthe dtaggeaed daondppitean 62 gghudes dleatrodse
pattern, or any suitable pattern. In sone enbodi nents, the el ectrode sites
150 maytebarmmgaddaca higleraamhbeaast diffetntahfelae positaitsi aeandAhe deangpde,
one portion of the electrode array may include a portion of electrode sites
150 a&ﬁ?gg%ﬂohﬁngiﬁ@éﬁﬁﬁﬂabzﬁﬁhﬁhﬁﬁathhh@(ﬁﬂQ&ﬂﬁ@hﬂDﬂkﬁQﬁb@%x@h@k&ﬁﬁdﬁ

sites 1 may be in a parallelogranmc lattice. The staggered, triangul ar

|atti e RALEALRGAR oPlay bEAbEOUR: SEE RN, TILRREYirlE S0RrSle BREIATod Ne

foll ow ng advantages. First, the stadgered’layout “pattern 1s conpact,

optim zi use of th de arr surface ar f re glectr sites
150 1 sPhliRySEaRlyh s MIGIARES R M LGRS B AL e PlaelBi R BHBRLPRRFHT! g
a hi gher 2011/ 046665PCT/ US2010/ 044167 ,resol uti on aof el ectypde sit.e
|ayout153|aﬁ§ws ‘?“é%&‘g‘é‘Ff‘éltPa}B‘iVPieﬂyl‘ﬁﬁtapﬁéd%?'é‘&"tea%é%‘%‘P&%ﬂh‘P’{ﬂ?gﬁ FES
tolerance, since if a particular electrode site becones non-functional,

ot her iBtegadion heiwgasopdiagert electrode sies a501 sachrifathenigtendede affogts lue ta | e
difference in therapeutic effect. A second advantage is that the staggered

| ay outunegtitkbomasyEPmetridali dlestretle stte tuteradtiomsarareduggsld i n a hi gher nunber of
di fferent angul ar positions around the el ectrode array, allow ng the

el ect [o0B3Jar r ay The phialifIPOE eldctrrdel S 15y dahabe detivadaimdieidublly arl imear
rectangul ar array of electrode sites, thereby enabling finer el ectrode

Sti ”Uls@feeg 1€ 8PSUY of é@@ct?é@@lt«%spg%%lﬁﬁltgne&st ﬁﬂtfv%ti%ﬁ"(?fh’ht gtg)%g' & di8@toddre

st agger ayout "pattern 152 a el ectrode sites to ha qui di st ant
edge-t

sft Sd&@%t%%%g&iéaﬁﬁ%n ‘(f!%ttt%Pn egé{fér 3l ré?&&lﬁgt%aa i?le{ﬁ’ée?i'és &Rl
el ectrode Srtes ., Suc at” unrhtendéd effects due to unequal of
as mnitr'cal el ectrode,sj.te interacti,on.are r ed.

y aving a spa 1ai distribution of current densr?y, and gn%uences the pattern of neural
excitation. This will provide dynamic tunable electrical stimulation ranging from
macroscale activation to more selective directional activation patterning using smaller
subarrays or groups of sites along or around the carrier. Activation patterns of the
electrode sites 150 of the electrode array 110 may be translated in several different
dimensions, as exemplified in FIGURES 3-7. The activation pattern from the electrode

array may be translated circumferentially entirely around the carrier (shown in FIGURE

3), which emulates a ring electrode for macroscale activation; circumferentially partially
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[0033] The plurality of electrode sites 150 can be activated individually or
in selectable groups of electrode sites. The sinmultaneous activation of a
group of wWbDeetwma®ssites creates an activati on pattern, PENS2@EDA$418N
electric field in the tissue medium having a spatial distribution of
current density, and influences the pattern of neural excitation. This wll
provi de dynam c tunable electrical stinmulation ranging from nmacroscal e
activation to nore selective directional activation patterning using
smal | er subarrays or groups of sites along or around the carrier.
Activation patterns of the electrode sites 150 of the el ectrode array no

may b : » . o Cans o ,
i cuREb B Tkt R RHE LT FICURTERS Al RS, oS RUENHL W LESURES 5
transl ated, ci rcunf er.enti al entirely ar e.carrier (.shown in Fl GJRE
5y " R Ok B o) bl GhEWOR PGP 26 Ok ity s or' desite
circunferentially partj.ally. WO 2011/ 046665PCT/ US2010/ 044167 aroupnd,t he

car r i @ctiyalgRpattriE onal;ly,&%plap%ﬂleaﬂsﬁgo f&itenrq B}aYﬁ%Grﬁf\Kh’aFf‘rd] wti?mes 5
and 6); any conbination thereof (shown in FIGURE 7); or any suitable or
desi r éndepandeat pohvaian srtansind dachaetivhiion daiensisy majebe individvally slistizct 150
may be activated with an independent activation intensity. Each activation
i nt ensrtgronpy obelectrddw isitasil 4y natiyséddhchaveothegnavpsctofatiendatemsity. Thissforib0
may each have the sane activation intensity. This formof multi-dinmensional
sti mulgRt hRiiRBhie@sTbrAl OSimtT G phltlchn t prodthSifinge witAnsuhdilé Udiniéh o | al
and activation intensity, provides a |arge tunable range of the neural

of ol Té@??gfﬁé?%ﬁ“eaé U8 fcfakih ibéé%ﬁﬁg??%ﬁﬁéi%ﬁér é&ﬁféﬁ‘éﬁdlﬁ%ﬁe} SR el Y
Ex . i i . i . Vi Y
sur r ounarfise ShueE JH o hy 45 BLARRDERAET BT S APl T Mo <o

ti ssue _encapsyl atioon qr other reasons, ,and nakjn | i ght .correctiopon or a
mal podhPi Ao aliane ot aAStPEBEApsT Rl CBR A TREAT, aerle Bb adirHBeRts wgtfl&#

el ectrode site is determned by factors including conductivity of the

t i ssuadaptiagte cbtegasdaithp eapepnment sarronadingdihgedieparods argay, sueh gp plieradd by
geonetric properties of the entire electrode array and carrier assenbly.
For artissie@onddetivity alpenia hisswy enedpssllatin odeothiet esasmtsi \aagethaking slight

si mul t aneously, the activation pattern, and therefore the current flow

sur r owdgidedoh$ forel eRlpBitonddseclea@ipdax, resulting in an equally conplex
pattern of tissue excitation. At a basic |level, the spreadi ng resistance of

an el qgpsde Si tigTBYCietod 5 ﬁ@sx}é‘@uﬁ%hhhfdg %h d&&r&dd Sitd s URbdrySined By g€

i
to excitable tissue. Wien several electrode sites on an electrode arrdy are

I S R G Rl R

and activation pa ation ern

nmodul aieg fth the a&i vat i on of WD 201%(@4666 PCT/ US2010/ 044167, a second

di st i msCtinds e Ang; B geometer RoPeLis ALIS Anbirg epEods ay; 9ad dgrrier

el ectrode sjtes can be overlapping or nogn-over/l appi ng., )
assembly. For an electrode array with several electrode sites activated simultaneously,
the activation pattern, and therefore the current flow surrounding the electrode, is
complex, resulting in an equally complex pattern of tissue excitation. At a basic level, the
spreading resistance of an electrode site may determine the ability of the site to deliver
charge to excitable tissue. When several electrode sites on an electrode array are

activated simultaneously, there is an interaction of the electrode sites and activation

patterns. For example, a first activation pattern may be modulated with the activation of
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[ 0035] The el ectrode sites 150 are preferably in the shape of ellipses,
which may include circles and ellipses with an eccentricity between o and
1. Howevewo 20hi@4ed68ct r ode sites may be any suitabl e shapeT/uSesiomeaentric
elliptical electrode sites, the minor axis is preferably aligned axially
along the carrier (electrode sites are "stretched" circunferentially), but
the major axis may alternatively be aligned axially along the carrier

(el ectrode sites are "stretched" axially). In other alternative

enbodi ments, the lattice pattern of electrode sites 150 nay be angl ed such
that maj or and m nor axes of the electrode sites 150 are neither

circu i . j Laned. e ! . I

ci 1 o5 u85ond AstifeRpfofEhP bl iR plrth e RaTRRE} ARPkal GREQHE
adjusting the | engths of the major and m nor axes of the elliptical shapes
in re§HF?8ﬁn SCWﬁﬂaHWPSPr&Q%ﬁﬁ'35mwn$he carrier and/or desired el ectrode
site spacing. Assum.ng a.,cylindrical carrier 170, equidjstant spacing,

i dent B85kl ect rﬂ@eﬂlgaf@d% File15m are Prelerabhy i the slaancadt etipses el 161y t he
el ectrode sites 150 relative to the carrier (axes of ellipses running

axi al ligcladd coicles amideslbpsdsaritly ap echentrieitathietwedn p amel wdtowees, deodentrods ty E
of elliptical electrode sites (in ternms of "x" and "y", the axis lengths in
t he axiteb naayobe hnyg suii slsle shhpé. Korrexetnieisellipdsgadédivale/ditest tiee miher axds &ret er
"D' of the carrier, and the electrode site spacing "a" may be summarized as
(Y/X) prefePhiy- dlignelihefxiaBy dglonghetheatd@rief (Beciebds URTftes eatd aksipbichege
axis to the axial ellipse axis I's preferably proportional to the outer

di anet : ri i q t.&: : I ite
paci g cuffehrisfR b PRSP BEAThk,PRRRRIVERThe b £1AR aRHR B,
of the_substrate 120. WO 2011/ 665PCT US20104 044167 (e.q...the degrge to
ohi on ceree S adi St nie S ERAE Ry g thR AhP e RsPapbpdiipgRY! B
proportional to the rati ([ X, For exanple, for iven site spacing "a",
Phe. sitIce Pattean of elgcirods; digsi 160 may ba Helad such dedlmajer anbnghor a%iﬁ?scaﬁa
el ectrode sites nust be, "stretched" in the axial direction, in order to
have ithe radegieaflec pitesaf e ravat neithespeicewmferentialihmar raxially eligned sEawidigpnie
spacing "a". As the electrode sites becone nore eccentric in the axial

di r ectspacingtdfielacatode siiks the inmayabxescHigved byahsdng ellippacabshaped elecandakites

el lipse axis "x" becones |onger than the circunferential ellipse axis "y",
and t hedamhstingdehedengii® oPthensdjonandminbe asedof thatedligige sHepesasetatism | t
may nore closely resenble a straight line to avoid obscuring any the

pl uralghtige Qi(ué@[l Sﬁltn’i(?gf’ ofithé %aljr%é- eg%%%% QRlesited @l&ﬁfddlédﬁtes b}gfc?n%f%s%hﬁng a

preferably identical 1n size an in particular to mal

pe
equi di_si.apl. .gdge-.t 0-edg i j,m itd ORi ffi.cle of
ot a AR PRSe 200G RORELYRL S RITRIATehFuBRE e OHaPE ld i REY,
al ternat, vel y.include el ectrqde sites of different sizes,and/or e. The
o ¢ 1 Cartiggouil angntiioeef et dedadls e kb rrEreRs o FaBicttsetopolers | on
of the electrode array surface area wth the el ectrode sites, balancing the
advantHgBNgagially suel sinewgierentiallyy dBe reladionshin betwaesctheogecentn@ly E o
particular, larger electrode sites may have the ability to deliver |arger
st i nuledliptical clecteoes siteofin helims @l alx” elnsk 'y o ddiesatie dengidisom theoapial gind
el ectrode sites, thereby allowi ng nore options for current distribution and
act i vaircamfpadritiail dsreciuny) @spéaively)nwloeouteardigmyterf I3t ofimbeadareies, antithe
t herapi es. Larger electrode sites also may experience | ess el ectrochem cal

st r es]dthdeRN spaligd®” $esbé s@anididedSsBly) € ~ €Des). TREEh& Werdsf Bie Aatf) ven

anount of delivered current, by distributing the energy across a | arger
_ desi . , Cian: .
may b8 W 28 ptP R et RN BT TE sl S BlRE i Pl ChRAABORARIA 2,
|1 er. Spall. | ecttod it . | | f fficient .
popul 30t o ghsford bR PRkl SRR Pondh T B Refiode S basineos
Th |.ect.rod [ f bl tt d f th d tal |
132 ddieehaBTenthaanpliblde ok b leisives ji4pB eI shdas AihubhRg 120
al t hough the el ectrode sites 150 may alternatively be made of any suitable
conductive materi al
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[ 0037] As shown in FIGURE 1, one specific variation of the el ectrode array
preferably includes sixty-four stinulation elliptical electrodes positioned
ci r cunf erwotbaldsgesar ound and axi ally al ong the carri er, pamaSeand4416ef er abl y
the sixty-four stimulation electrodes are arranged in sixteen staggered
rings of four stimnulation electrodes, such that each el ectrode site is
longitudinally aligned with one el ectrode site fromeach of seven other
rings and laterally aligned with three other electrode sites in the sane
ring. The electrode array may alternatively and/or additionally include
recording el ectrodes or any suitable kind of electrode. As shown in FI GURE

2, th I r i r . LI . . t\hey

cqui S ant s ¢ STRhR S BRillnSbid BIER 3E0 I in e 8 prtabyy,

el ectrode sites ar refera elliptical in shape, with,ga pmmajor axi

I engt Praporiaal 18 pfis P v ek Srameleafit BIveRevs: PAE i i HormalFs Heengt b
of preferably approxinmately o0.666 ml| i te:eil" Zc;alhe Carrier, [0038]As
shown @FieN dipmeter ¢ Re, daer mere 1 secenirie hhep edirdicad gelepsede nekass stc beons
to support the electrode array. The carrier 170 may further function to
shut t [“etretebed] st thedeiahdirgytian.oini ender o dwwe inereasast pisecursiirenbihlespaehng tnce.
The shape of the carrier WO 2011/ 046665PCT/ US2010/ 044167 170 is preferably
t ubul anaimtdih thb@guidisthntwitdispaeingr a”bAs tirmyleatrode sites betymbenareyeantrid| e
shape of any suitable dianeter for the desired functions. The carrier 170

may i Aglthelaxial anekeRenetheaRtioastaRbe tixkd “pPARNQSREEerbiRstdsThb axaN dl1gisd dxis t he
insertion of the carrier and the electrode array 12 into the tissue. The

o e R S kSRR 01 S ATP v

provi di ng annels thro rugs, drugs to
i nhi bi t . hiol ogi e se to,the inplant,. or an t her . suitabkle flui.d, may
ot r SSHREEDE hF SRBRE e Rerfie: Fhe? Bt Rlas” Rorf VBRSSPI i it
phar mgceut i cal , conpounds tg | ocal.i ze{:l lrgtgi (ins. of the body, such as the
ner voddiedpavald ob§eyring any thy plyrality af elegiyods sites 190-i nt r aoper at i ve mappi ng
procedures or |long-termtherapeutic inplant devices. The fluidic channels
may all8@3@k ovi de’he Elsetrodensitdsr e Hrahpisierabbt id¢mivat innsizeranst ghape,ny be
inserted to aid with inplantation. Alternatively, the carrier nmay further
i ncl ugartacwepdo aheintaimeequidistantheddd-thedpe spadiif emekr tomatiylizg posiyiobhing
i nserted.
efficiency of a staggered layout pattern, but the plurality of electrode sites 150 may
alternatively include electrode sites of different sizes and/or shape. The particular size of
the electrode sites 150 preferably optimizes population of the electrode array surface
area with the electrode sites, balancing the advantages and disadvantages of larger and
smaller electrode sites. In particular, larger electrode sites may have the ability to
deliver larger stimulation currents from individual electrode sites and/or groups of
electrode sites, thereby allowing more options for current distribution and activation
patterns, such as for a wider variety of stimulations and therapies. Larger electrode sites
also may experience less electrochemical stress and lower charge densities than smaller

electrode sites for a given amount of delivered current, by distributing the energy across

a larger area. However, undesirable electrical interaction between electrode sites may be
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[ 0039] The carrier is preferably one of several variations. In a first
variation, the carrier is a polyneric carrier. The carrier is preferably
made of awpabymasessuch as pol yi mide or silicone, but napChasadmweusatively
made from any other suitable material. The carrier may al so include

addi tional insulating polyners, such as parylene, that insulate conductive
i nterconnects. The carrier is preferably flexible, but nay alternatively be
rigid or sem rigid. In a second variation, the carrier is a netal carrier.
The carrier in this variation may be a solid netal tube or cylinder, or it
may alternatively be perforated or not solid in any other suitable fashion.

.2 SRR hOec PR SHL AL sl [SAMBAILALSA L maP &k for

resorb | ssue arfter a pe ,
2011/ 046665RCT/ US2010/ 044167 i ., th | i i1l be left
Co 11 Bt oBgept DAD RIS ol sbER LR AceDired A i kel Bes X lafion cohfral”

resorbable carrier is preferably nmade of inplantable nmedjcal fabric woven
or Kkni e¢lregs sites %ﬁ%@r&fﬁagfyep%rwérfmm@emeé%@ @a%abiaéfeb%% feposited

preferably polyglycolide or polylactide, but may alternatively be nmade from
any st sl wblstr@msmdb@blm‘efmab%fi rahde of pladingin dehaougly therelegrpdesitesatioy one

of these three variations, the carrier may alternatively be any suitable
el enenhay altamatively Hehaadé ef onpsieitable ayndnetitehmatariabect or into ti ssue or
ot her substances and provide structural support. 3.Additional Conponents

[ 0040][d@g7ineur alAd Bh&WHake FIGSIRIN 1T8hd YpEAE VaRfdiEe of thel dePgodt QFeRt

that positions the series of electrode arrays in a three di mensional
o1 nSIRAL, o hARGEl CCLLRI AT imoA! | ENRRLYEl Mo Bls BRE
pat ent AT PRARIR bRt By g the s &R bare Bt ity BeciNt e
i MIECAE R TR S EE R S WL E
el ect reilecc%l‘odes, such that each electrode site is longitudinally aligned with one electrode site
from each of seven other rings and laterally aligned with three other electrode sites in
the same ring. The electrode array may alternatively and/or additionally include
recording electrodes or any suitable kind of electrode. As shown in FIGURE 2, the
electrode sites are preferably positioned such that they have equidistant edge-to-edge
spacing of approximately 0.20 millimeters. The electrode sites are preferably elliptical in

shape, with a major axis length of preferably approximately 0.80 millimeters and a

minor axis length of preferably approximately 0.666 millimeters.

2. The Carrier

[0038] As shown in FIGURE 1, the carrier 170 of the preferred embodiments
functions to support the electrode array. The carrier 170 may further function to shuttle

the electrode array 110 into tissue or another suitable substance. The shape of the carrier
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subsystem that functions to operate with the electrode array. The second
el ectrical subsystemis preferably at |east one of several variations of
sui t abl e wheotwmamics subsystens to operate with the el ecPCcodsS2@onaedr any
conbi nati on thereof. The second el ectrical subsystemmay be a printed
circuit board with or without onboard integrated circuits and/or on-chip
circuitry for signal conditioning and/or stinulus generation, an WO

2011/ 046665PCT/ US2010/ 044167 Application Specific Integrated G rcuit
(ASIC), a multiplexer chip, a buffer anplifier, an electronics interface,
an inplantabl e puI se generator (that produces a high-frequency, pulsed

el ect rZS 18?51%@%} ﬁﬁnﬂ lawi?t@;[ aBof Belcﬂf?ﬁ Qﬁéﬂe?ex?%rt dhiy all a'lt%h‘?agc x?e‘l}‘(?%e an

el ectronic I'me” sl rrocess recorde ed)
or output, {stinu i on . s d eI ni cs r cantrol of the
1 uf aisBablrs i (ift e AidnelddipE st BeeFed i Q{hsrﬁaﬂaﬁr g may
conbi nat.iqn thereof._ [0042] The neural interface sy further cl ude
a connBelpge & pmﬁsﬂc@m ﬁéapt?dcf@ml@tw@ the Béweo@lﬁ aﬁ{n Hynﬁlf‘olllsﬁ%tl@b@f)alf

el ectrical subsystem The connector is preferably a ribbon cable, and nore
pr ef ercabligr andhtigetectrodd hoay dabine, thedissirayThe carreatlyo engy ﬁa‘tlwwext@md i e
kind of ribbon cable or other suitable elenent to couple the el ectrode

ar r ay functidrealitg ©btble aystehr i@aly mobilisg €midis whhnaslswhresglowhidntherhpstetic
i nterconnects. [0043] The neural interface systemmay further include a

styl etdrhbatdrii9 e ishibittoReNEtdspbAsd RetHe iB$plane 'orHnesthst blhidkBle fRid$h

and/or to provide structural support for the neural "interface system ur| ng

i npl ?‘rbteatnlk??l@mlﬁgﬁ SIth\fé rovid yﬁLIert?@ c% eb%%efl%lf\%ry NP o eélggeﬁhﬁfmﬁ&%tlcal

carrier may alter ative |nse to any sultabl e
ComD O i DU, R 7 ot A TR o ORAABILS, D8 o i 202
facilitate, for example, intraoperative mapping procedures or long-term therapeutic
implant devices. The fluidic channels may also provide a location through which a
stiffener and/or stylet may be inserted to aid with implantation. Alternatively, the
carrier may further include a separate lumen through which the stiffener or stylet may
be inserted.
[0039] The carrier is preferably one of several variations. In a first variation, the
carrier is a polymeric carrier. The carrier is preferably made of a polymer such as
polyimide or silicone, but may be alternatively made from any other suitable material.
The carrier may also include additional insulating polymers, such as parylene, that
insulate conductive interconnects. The -carrier is preferably flexible, but may
alternatively be rigid or semi rigid. In a second variation, the carrier is a metal carrier.
The carrier in this variation may be a solid metal tube or cylinder, or it may alternatively
be perforated or not solid in any other suitable fashion. In a third variation, the carrier is

a resorbable carrier, which is resorbed into tissue after a period of time, and upon
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functions to facilitate the insertion of the electrode array and/or to
provi de structural support for the neural interface systemduring

i mpl ant atworzo11/@6eb5] | n addition to the above details, tReTaAScanM4abeCctrica
subsystem connector, stylet, and guide tube are preferably simlar to

t hose described in U S. Patent WD 2011/ 046665PCT/ US2010/ 044167 Application
11/932,903, as referenced above, but may alternatively be of any suitable
design, structure and/or build. 4. Method of Inplanting a Neural Interface
System [0046] A nethod of inplanting an neural interface system as shown
in FI GURE 14, preferably conprises any conbination of the follow ng steps

(or a%s&b}ﬁ%h, B 'éf%lajtr%dﬁta?f)f}) will be left to float freely in the brain or other suitable

tissue or material. The resorbable carrier is preferably made of implantable medical
fabric woven or knitted from a bioresorbable polymer. The bioresorbable polymer is
preferably polyglycolide or polylactide, but may alternatively be made from any suitable
bioresorbable material. Although the carrier is preferably one of these three variations,
the carrier may alternatively be any suitable element to shuttle the electrode array and

the connector into tissue or other substances and provide structural support.

3. Additional Components

[0040] The neural interface system may further include a guiding element that
positions the series of electrode arrays in a three dimensional arrangement, or the
electrode arrays may alternatively be arranged in a three dimensional manner without
an additional guiding element. The guiding element is preferably similar to the guiding
element described in U.S. Patent Application No. 11/932,903, filed on 31 October 2007
and entitled “Neural Interface System”, which is incorporated in its entirety by this
reference.

[0041] The neural interface system may further include a second electrical
subsystem that functions to operate with the electrode array. The second electrical
subsystem is preferably at least one of several variations of suitable electronic
subsystems to operate with the electrode array or any combination thereof. The second
electrical subsystem may be a printed circuit board with or without onboard integrated

circuits and/or on-chip circuitry for signal conditioning and/or stimulus generation, an
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attac
a pat

hing a chanber 180 to the skull (preferably in a cranial burr-hole) of

lent; inplanting, through the guide tube and/or with a stylet, an

el ect r odewanoay46@8pl ed via a connector to a second el eeCriusad1o®uisyst em

r enov
r enov
chanb

[ 0047] Al t hough omitted for conciseness,

every
vari o
vari o
Syste

ing the guide tube over the second el ectrical subsystem and/or

ing the stylet; placing the second electrical subsystemwthin the

er 180; and sealing the electrical subsystens within the chanber

conbi nati on and pernutation of the various el ectrode arrays, the
us carriers, the various electrical subsystens and connectors, and

'rifp;ﬁféh%n‘Sf)%‘éﬁic%‘?egsrh%’éde&r‘fcuﬁ (XBEELY AldyREkDenip ety MAPREEAGH

electronics interface, an implantable pulse generator (that produces a high-frequency,
pulsed electric current), an implantable rechargeable battery, integrated electronics for
either real-time signal processing of the input (recorded) or output (stimulation)
signals, integrated electronics for control of the fluidic components, any other suitable
electrical subsystem, or any combination thereof.

[0042] The neural interface system may further include a connector that functions
to couple the electrode array to the second electrical subsystem. The connector is
preferably a ribbon cable, and more preferably a polymer ribbon cable, but may
alternatively be any suitable kind of ribbon cable or other suitable element to couple the
electrode array to the second electrical subsystem, such as wires or conductive
interconnects.

[0043] The neural interface system may further include a stylet that functions to
penetrate the tissue or other suitable substance and/or to provide structural support for
the neural interface system during implantation. The stylet is preferably inserted into a
lumen of the carrier, but may alternatively be located and/or inserted into any suitable
component of the system in any suitable manner.

[0044] The neural interface system may further include a guide tube that
functions to facilitate the insertion of the electrode array and/or to provide structural
support for the neural interface system during implantation.

[0045] In addition to the above details, the second electrical subsystem,

connector, stylet, and guide tube are preferably similar to those described in U.S. Patent

20

180.

the preferred enbodi nents include
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WD 2011/ 046665PCT/ US2010/ 044167 [0048] I n general, the techni ques for
fabrication of the electrode array and the electrode sites are preferably
simlar twothoggessed to create integrated circuits andPCharsediones167
preferably use simlar substrate, conductor, and insulating materials.
Except as described below, the fabrication process and materials for the
el ectrode array and electrode sites are preferably simlar to those
described in U S. Patent Application 11/932,903, as referenced above, but
may alternatively be any suitable process and/or be nmade of any suitable
materials. As shown in FIGURES 10 and 13 t he met hod of making a neural

interf e C bl e
subst a8 h LG a0 R S ager eslptiR Bl ARErlEhou S A AGBR 0%
flrst | a er n the ubstrate 8220, bui l di ng on the first polyner
| ayer %%h?gPF 8 Bflve traces that conduct electrical signals
S230; depositing a second pol ynmer |ayer on the substrate S240; building a
plurality of electrode sites, coupled to the plurality of conductive
traces, in a trlanoular Iattlce S250; and rolling the substrate towards the
edge 9 hodrofds : getfacaiBystemay such that the
plurality of electrode sites face externally and the set of extensions
i nt erl[eo48] W t h Aanmohdd ofi implddtingohn halirdlVintdrfaek egticadeassiHoed it REGERE
allowing the triangular lattice to be uninterrupted. [0049] The step of
provi dyngréfefdbiy b@h@rﬁs@@%h&%ﬁltﬁﬁ&ﬁoﬂ%\f'tﬁg fallowRigestéhd lorPaBe bt stftaBlsi ons
functions to provi dé a base material onto which subsequent | ayers are
dep05|(§g and patterned to forman electrode array. Step 210 of providing a
erX|b gUbstrate preferably includes providing a substrate and renovi ng
sel ected portion t he .subst e to formthe set of extens set
of extensions araita}gi1 5152}19% H’%%ﬁﬁ%‘%@?@%ﬁw B@B% jﬂ% )h(gfsa
descri bed above |n Sectlon 1. Renoval of substrate material to formthe set
of extensions n@AtEBLperfornmed by cutting, grinding, sanding, polishing,
and/or any suitable process. Alternatively, the set of extensions nay be
fornmed by nol ti ngplaaingpbreughstheguideiuba anddor avigr asedet, amietectiose; dstay
substrate may include two or nore edges with a set of extensions.

coupled via a connector to a second electrical subsystem;

« removing the guide tube over the second electrical subsystem and/or
removing the stylet;
« placing the second electrical subsystem within the chamber 180; and
« sealing the electrical subsystems within the chamber 180.
[0047] Although omitted for conciseness, the preferred embodiments include
every combination and permutation of the various electrode arrays, the various carriers,
the various electrical subsystems and connectors, and the various guide tubes and

stylets.

5. Method of Making a Neural Interface System
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[ 0050] The step of depositing a first polynmer |ayer on the substrate S220
functions to provide a | ower |ayer of insulation for conductive materials
i ncl udi ngwohelioas@act i ve traces. The step of depositi ngPaTfuiseew/opabymer

| ayer preferably includes depositing at |east one |ayer of silicon dioxide
and/or silicon nitride. As shown in FIGURE 12, the first polyner |ayer
preferably includes multiple layers of silicon dioxide, silicon nitride,
and/ or any suitable insulating polynmer, and nore preferably in an
alternating manner. The |l ayers are preferably approximately 10 m croneters
t hi ck, and deposited generally uniformy on the substrate. [0051] Step 230,
whi ch udes

ol ot OB gnf}ﬁée‘ﬂeﬁ‘ Flodlinads B 6 31‘3%@% bR b
interc nnec hat conmul ate t of el ectrode S|tes The
st ep &‘fe%’[ﬂ edfii arepPB“r‘ 81"5} Y S VYBBHBJ?‘PF%&SF aIBe eBWef‘HP%W# iR end
depositing a first_ |ayer of_ netal onto the first polyner | ayer, and

pat t ertheneiorerireferably neg aimilay subshiato copdyetar; apd dnsEakng dpatesials: d€ept The
| ayer of netal preferably includes polysilicon, but may additionally and/or
al t er matdeseribed ﬁmlm@et}mngabmatlablm‘onaisean@materlalsofwabel alecteddse artay and
signals. Patterning the netal |ayer may be one of or a conbination of

sever allectardeasit@nare Ipreferably s¢imikri @t tloose @ederidedi ing U.Be Pasdml Appli@ition
includes formng a plurality of lateral WO 2011/ 046665PCT/ US2010/ 044167
conduqtl)/%@ b6 BCRSr¥EFend8E Abble, tainay alltedhAtPedy PR AENRTiBIbIY pPEdcloanfpbr t 0

the edge. I'n other words, in this variation, the laferal direction is

pr ef enabl v qang ate ttm {dr8s. AL AR ﬁlhﬁlé RE%a o %Hefgl tBB Abddesst a
Stk Bater Wi inpPIGE

pr oxi mal port| on -“a portl on the ectrode arra I'n a second

vari at | patter e net.al | des { urallt

| ong CHANREI 5K %cirﬁsﬁ" R SRu B, oL Rt BP0 RehORT B ePe O dub St
gener | el he,edge. .In this valatlo t he, | ongi t udi, nal

di recﬁeé}yblg téatsrso%apf}i I eree shapesl Yithe st AhAxiesions BPRFHRRI A AP
direction may pass froma proximal_ portion to a distal portion of the

el ect modaner taygr onnthe subisirate §epar buidingaen hefingt polgmestayer| apbiralineplides
forming a plurality of angled conductive traces arranged in a

non- orcohdgaiined tzegs ¢hatecandwa ¢loctaicpl signaid Sepd; diposiding] ® seecatk patyrmagr
[0052] The step of depositing a second polynmer |layer on the substrate S240

I's prehyirabh thei sibs@faté S4e sdiklingfa sﬂﬁﬁ)@illtj’ igfgelactrbd & tsites) yompsled apethedn
the substrate, except that portions of the second pol yner Iayer preferably

cover dih@i @i{ WraddrldvicAbe SRRAYCH] Yetrid ?e?r faQUEé) 'Stng“ ahtlerdﬂlﬂg %hl?téﬁbgfrate

conductive traces between the first and second polyner |ayers

e b e
e T e U

conductive traces and electrode site
portion of the plurality of electrode 51tes thereby allowing the triangular lattice to be

con%}bct ive

uninterrupted.

[0049] The step of providing a flexible substrate S210 having an edge with a set of
extensions functions to provide a base material onto which subsequent layers are
deposited and patterned to form an electrode array. Step 210 of providing a flexible
substrate preferably includes providing a substrate and removing selected portions of

the substrate to form the set of extensions. The set of extensions are preferably shaped
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[ 0053] Step 250, which includes building a plurality of electrode sites

coupled to the plurality of conductive traces, functions to construct

el ect r odesot2hato4pdodvi de neural stinul ation and/ or recor @cmgiS2fibesabep of

buil ding preferably includes depositing a second netal |ayer on the

substrate S252 and patterning the second netal layer to form WO

2011/ 046665PCT/ US2010/ 044167 a plurality of electrode sites S254. The

el ectrode sites are preferably forned in a triangular |attice, and

preferably have equi di stant edge-to-edge spacing. As described in the

neural interface systemin Section 1, the triangular lattice is preferably

an_eaui! AlerBba MARIH RecfifiFX2900AbYal 8 SbGralVinalaaald eonatinselot BE 2N
ngular (rhonbic) lattice, of a ar

i sosceles tria scal ene"tri angu

| | el ' | atti.ce. t tivel th | ect r ode. sit b
a1 anGBLPTe LDy bar bl EFRRuE S iR Ry S A s AP BF T o
o EHBBEIeBCEss- edHboebodBe et of R b doTHed RORIR Bie of

different lattices. For exanple, one portion of the electrode array may

i ncl udebsirpiss of eny shitableqirooers. ‘The Elexible swlordrhte may inekedyolved ot mrore edgesnhi | e
anot her portion of electrode sites may be in a parallelogranmc lattice.

[ 0054 witle a get dfcekteusddres.abl y further includes the step of building an
external polyner |ayer S270, which preferably includes depositing a third

pol yngook@yer omHengteplFt ddiidnsd Latkermylftiet Nayshiond tRe! s Erat@yBIod 0

expose the electrode Sites. The polyner layer is preferably an insulating

pol yn?{é{leb Ggfpx\?ﬁﬁ{icg%%ﬂ‘éwepg@zéi‘%f iﬁgﬁﬁ{igﬂltﬂ)y%%égﬁ&i@%ﬁwié}gq%lﬁlgﬁg{ggﬂflt'

[ 0055] _ chincludes rolling the substrate towar

t b oe- RO GiETos SBertR G PEpCRRE L fupt SPhBRY Mg RsTulbly nghudes

et cr rzpPyitingngt Seosh o BT iafcliFen e el 2r 1 Seor i &1 SBventt ons

on the edge of the substrate to interleave with a portion of the plurality

of el @dﬁrlg%@ 12 thedirst pelysisy layarawefegablyanelndanguiliple layens oé silisopalioxide,

uni e glgclz)?lt (r%liqcride, and/or any suitable insulating polymer, and more preferably in an
alternating manner. The layers are preferably approximately 10 micrometers thick, and
deposited generally uniformly on the substrate.
[0051] Step 230, which includes building a plurality of conductive traces that
conduct electrical signals on the first polymer layer, functions to form conductive
interconnects that communicate with the plurality of electrode sites. The step of
building a plurality of conductive traces preferably includes depositing a first layer of
metal onto the first polymer layer and patterning the metal layer to form the plurality of
conductive traces. The layer of metal preferably includes polysilicon, but may
additionally and/or alternatively include any suitable material for conducting electrical

signals. Patterning the metal layer may be one of or a combination of several variations.

In a first variation, patterning the metal layer includes forming a plurality of lateral
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WO 2011/ 046665PCT/ US2010/ 044167 circunferentially around and axially al ong
the electrode array. The electrode array is preferably cylindrical, but my
have any WwoOi20all4e666r 0Ss- secti onal shape, such as an eccenfriseoelokdilpse, a
v-shape, or crescent cross section. In a first variation, in which the
conductive traces are arranged in a lateral direction, the step of rolling
the substrate preferably includes wapping the |ateral conductive traces
arcuately within the rolled substrate such that the | ateral conductive
traces are arranged in circunferential rings. In rolling the substrate
towards the lateral edge, the lateral edge is the "free" end overl apping a

porti . P riat i i i tyve
P nceLonfhclte LRUAshhAhGed 1R £)RERErefRob T onfitany PrEBfal I (HPRALE 1 C
substrat e prefer.ably includes .allow ng,.the |ongitudi hal conductive ttaces
o padthé RaFds B by VERaPRy ui ItHialditeionaR birteta bR pig ShES haC b e
end to a distal end of .the electrode array. The nethod preferably further

i ncl udEawpl lé.lcﬁﬁ‘gfqtﬁ@? rddmcwns&mc{qsa@ @rpwnéalrmraloan@nf &@@F'«}lr@orﬁl@@ phihed
substrate, such as in furnace. [0056] The nethod preferably includes

coupl ielepteodeaanrhpr It @ sdeend| wetatione patteagingotheumetalt layére indledes tsaming raay,
whi ch functions to assenbl e conponents of the neural interface system
Coupl iphgradity af laregituidindllvenduieiite ndeesarraygedin a hoiginelinadydiodctionegenelralbm ng
steps, any suitable additional steps, and any conbination of steps thereof:

connegiarallel tthehe! cRigk! Relehid vadatios, te 162G Ar dir&ivnest pragerabsestNsuch
el ectrical subsystemto the connector, pre-formng the el ectrode array,

ConERAPY iy LSRRG RSV LD O g gt

o % Sl BB JRRLAMOOR S, ATV 6 e Mo s
includes forming a plurality of angled conductive traces arranged in a non-orthogonal
angle relative to a proximal end of the electrode array.
[0052] The step of depositing a second polymer layer on the substrate S240 is
preferably similar to the step of depositing a first polymer layer on the substrate, except
that portions of the second polymer layer preferably cover the plurality of conductive
traces to contain the plurality of conductive traces between the first and second polymer
layers for insulating purposes. In some embodiments, the method may further include
the step of building a plurality of bond pads that couple the electrode sites to the
conductive traces. The bond pads may be patterned from gold or any other suitable
conductive material in a manner similar to the conductive traces and electrode sites.
[0053] Step 250, which includes building a plurality of electrode sites coupled to
the plurality of conductive traces, functions to construct electrodes that provide neural
stimulation and/or recording. The step of building preferably includes depositing a

second metal layer on the substrate S252 and patterning the second metal layer to form
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the preferred enbodi nents of the invention w thout departing fromthe scope
of this invention defined in the following clains. WD

2011/ 046686RQTI/04&56810/ 044167 CLAIMS W Claim 1. A neur alPCirniserhasgesyst em
conprising: an electrode array including: a substrate rolled into a

t hr ee- di nensi onal shape;

a plurality of electrode sites S254. The electrode sites are preferably formed in a
triangular lattice, and preferably have equidistant edge-to-edge spacing. As described in
the neural interface system in Section 1, the triangular lattice is preferably an equilateral
triangular (hexagonal) lattice, but may alternatively be an isosceles triangular (rhombic)
lattice, or a scalene triangular (parallelogrammic) lattice. Alternatively, the electrode
sites may be arranged arcuately around the carrier and axially along the carrier in a
linear rectangular or square lattice pattern, or any suitable pattern. In some
embodiments, the electrode sites may be arranged in a combination of different lattices.
For example, one portion of the electrode array may include a portion of electrode sites
arranged in a hexagonal lattice, while another portion of electrode sites may be in a
parallelogrammic lattice.

[0054] The method preferably further includes the step of building an external
polymer layer S270, which preferably includes depositing a third polymer layer on the
substrate and patterning the third polymer layer to expose the electrode sites. The
polymer layer is preferably an insulating polymer such as parylene, but may
alternatively be any suitable material.

[0055] Step 260, which includes rolling the substrate towards the edge to form a
three-dimensional electrode array, functions to form a three-dimensional electrode
array. The step of rolling the substrate preferably enables the plurality of electrode sites
to be arranged facing externally. The step of rolling the substrate allows the set of
extensions on the edge of the substrate to interleave with a portion of the plurality of

electrode sites, thereby allowing the triangular lattice to be uninterrupted
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a plurality of conductive traces patterned on the substrate and adapted to
transmt electrical signals; and a plurality of elliptically shaped

el ect r odewsi2oasd6@oupl ed to the plurality of conducti vePCTASe®L/084181
electrically communicate with their surroundings, wherein the plurality of
el ectrode sites includes at |east one of a recording electrode site and a
stinulation electrode site; and a carrier that supports the el ectrode
array; wherein the plurality of electrode sites are arranged in a
triangular lattice circunferentially around and axially along the carrier;
and wherein the substrate includes an edge that extends axially along the

cor 1 S5O A0S PIS By SNl ANPPIL AR Bl e

pluralit e Si ond axi‘al row
L il SHERGEIE o Al AR gl R ™
extensions that intersperse with at | east ogne of the first and sec¢cqnd axi al
row pSLEsBRS Qdhpiha Wﬁﬁw,iqrycréﬁce@lté%@srsoﬁétlgpt b3 a variation, n W%IC the
2011/ 046665PCT/ US2010/ 044167 3. The neural interface systemof C aim 2,
wher eicondhetieetraceés exe anwinged inralateral elivectivoh théatept bereltine the swherate
Shape(i)'referably includes wrapping the lateral conductive traces arcuately within the rolled
substrate such that the lateral conductive traces are arranged in circumferential rings.
In rolling the substrate towards the lateral edge, the lateral edge is the “free” end
overlapping a portion of the substrate. In a second variation, in which the conductive
traces are arranged in a longitudinal direction, the step of rolling the substrate
preferably includes allowing the longitudinal conductive traces to pass axially along the
three-dimensional array, running from a proximal end to a distal end of the electrode
array. The method preferably further includes placing the rolled substrate in a mold and
tempering the rolled substrate, such as in furnace.
[0056] The method preferably includes coupling a carrier to the electrode array to
support the electrode array, which functions to assemble components of the neural
interface system. Coupling a carrier to the electrode array may include any of the
following steps, any suitable additional steps, and any combination of steps thereof:
connecting the electrode array to the connector, connecting a second electrical
subsystem to the connector, pre-forming the electrode array, connecting a set of
interconnects, and injection molding a silicone element.

[0057] 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

26



4. The neural interface systemof Claim1, wherein the edge overlaps a
portion of the rolled substrate. 5. The neural interface systemof Caim
1, whereiwotha/®odsst rate further includes a second edgePoppsgima44ibe fir st
edge, wherein the second edge extends axially along the carrier and
conplenentarily joins with the first |ongitudinal edge. 6. The neural
interface systemof Caim1, wherein the plurality of conductive traces are
arranged in circunferential rings around the carrier. 7. The neural
interface systemof Claim®6, wherein the plurality of conductive traces
includes a first conductive trace having a first distal end and a second
conduci.j I S L di. St [Nt S&CO Q clive
trace%bé%ﬁgﬁéggﬁ?ﬁgﬁaﬂﬂgﬁ?iré@ﬂggﬂh§%§+&@ #&Cgﬁgﬁgﬂﬁﬁgﬁggﬁ%ﬁg%gﬁs a %%nd
is wider than,the first distal end. 8. The neural interface system of

a ainfﬂYeWH&ﬂgﬁéb%44?t%FJ? PVHP ©#M%%nducti ve traces extend axially al ong
the carrier. WD 2011/ 046665PCT/ US2010/ 044167 9. The neural interface
systemof Claim@8, wherein the plurality of conductive traces are parall el
to the edge of the substrate.
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CLAIMS

1. A neural interface system, comprising:

a) a substrate that is configured to be formed into a three-dimensional shape and comprises
spaced apart first and second lateral edges extending from a proximal edge to a distal edge, wherein
the first and second lateral edges comprise respective first and second wavy shapes curving
alternatively in opposite lateral directions as they extend axially at least part way from the proximal
edge to the distal edge of the substrate;

b) a plurality of conductive traces patterned on the substrate and adapted to transmit electrical
signals; and
C) a plurality of electrode sites supported on the substrate and individually electrically coupled to

one of the plurality of conductive traces; and

d) a carrier supporting the substrate in a three-dimensional shape, wherein the first wavy shape
of the first lateral edge is interleaved with the second wavy shape of the second lateral edge to
thereby form an interleaved boundary at the first and second lateral edges of the substrate supporting

the electrical sites and the conductive traces on the carrier.

2. The neural interface system of claim 1, wherein the second lateral edge overlaps a portion of
the substrate at the first lateral edge.

3. The neural interface system of claim 1, wherein the plurality of conductive traces are arranged
in circumferential rings around the carrier.

4. The neural interface system of claim 3, wherein the plurality of conductive traces includes a
first conductive trace having a first distal end and a second conductive trace having a second distal
end, wherein the second conductive trace is longer than the first conductive trace and the second
distal end has a wider cross-section perpendicular to an axial extent of the second conductive trace
than the first distal end.

5. The neural interface system of claim 1, wherein the plurality of conductive traces extend
axially along the carrier.

6. The neural interface system of claim 5, wherein the plurality of conductive traces are parallel
to at least one of the first and second lateral edges of the substrate.

7. The neural interface system of claim 5, wherein the plurality of conductive traces includes a

first conductive trace having a first distal end and a second conductive trace having a second distal
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end, wherein the second conductive trace is longer than the first conductive trace and the second
distal end has a wider cross-section perpendicular to an axial extent of the second conductive trace
than the first distal end.

8. The neural interface system of claim 1, wherein at least one of the plurality of electrode sites

is eccentric and has a minor axis and a major axis that is longer than the minor axis.

9. The neural interface system of claim 8, wherein the minor axis is aligned axially along the

carrier.

10.  The neural interface system of claim 1 wherein the carrier has a substantially circular cross-
section perpendicular to a longitudinal axis of the carrier.

11. The neural interface system of claim 10 wherein the plurality of electrode sites are arranged in

a triangular lattice circumferentially around and axially along the carrier.

12. The neural interface system of claim 11, wherein the triangular lattice is an equilateral

triangular lattice.

13. The neural interface system of claim 11, wherein the plurality of electrode sites are distributed

in the triangular lattice with equal edge-to-edge spacing.

14, The neural interface system of claim 13, wherein a ratio of the major axis to the minor axis of
the plurality of the electrode sites is:

a) proportional to an amplitude of the first and second wavy shapes comprising the respective
first and second lateral edges;

b) proportional to an outer diameter of at least one of the electrode sites; and

C) inversely proportional to the edge-to-edge spacing.

15. The neural interface system of claim 1 wherein the interleaved boundary extends axially
along the carrier between a right axial row portion of the plurality of electrode sites adjacent to the
first lateral edge and a left axial row portion of the plurality of electrode sites adjacent to the second

lateral edge of the substrate.

16. The neural interface system of claim 1 wherein the plurality of electrode sites includes at least

one of a recording electrode site and a stimulation electrode site.
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17. The neural interface system of claim 1 wherein the plurality of electrode sites are arranged in

a triangular lattice circumferentially around and axially along the carrier.

18. The neural interface system of claim 1 wherein the electrode sites have either a circular or

elliptical shape with an eccentricity ranging from 0 to 1.

19. A method of making a neural interface system, comprising the steps of:

a) providing a flexible substrate comprising spaced apart first and second lateral edges extending
from a proximal edge to a distal edge, wherein the first and second lateral edges comprise respective
first and second wavy shapes curving alternatively in opposite lateral directions as they extend axially
at least part way from the proximal edge to the distal edge of the substrate;

b) depositing a first polymer layer on the substrate;

C) building a plurality of conductive traces on the first polymer layer;

d) depositing a second polymer layer on the substrate;

e) building a plurality of electrode sites that are individually electrically coupled to one of the
plurality of conductive traces; and

f) forming a carrier supporting the substrate including the electrode array into a three-
dimensional electrode array such that the first wavy shape of the first lateral edge is interleaved with
the second wavy shape of the second lateral edge to thereby form an interleaved boundary at the first

and second lateral edges.

20. The method of claim 19, including removing selected portions of the substrate to form the

first and second lateral edges comprising the respective first and second wavy shapes.

21. The method of claim 19, wherein the step of building a plurality of conductive traces includes
depositing a metal layer on the first polymer layer and patterning the metal layer to form the plurality

of conductive traces.

22. The method of claim 21, wherein the step of patterning the metal layer to form the plurality of
conductive traces includes forming a plurality of lateral conductive traces arranged in a lateral

direction generally orthogonal to at least one of the first and second lateral edges.
23. The method of claim 21, wherein the step of patterning the metal layer to form the plurality of

conductive traces includes forming a plurality of longitudinal conductive traces arranged in an axial

direction generally parallel to at least one of the first and second lateral edges.
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24, A neural interface system, which comprises:

a) an electrode array comprising:
i) a substrate provide in a three-dimensional shape;
i) a plurality of conductive traces patterned on the substrate; and

iii) a plurality of elliptically shaped electrode sites coupled to the plurality of conductive
traces, wherein the electrode sites include at least one of a recording electrode site and a stimulation
electrode site that is configured to electrically communicate with its surroundings; and
b) a carrier that supports the electrode array;

C) wherein the plurality of electrode sites are arranged in a triangular lattice circumferentially
around and axially along the carrier; and

d) wherein the substrate includes a longitudinal edge that extends axially along the carrier and is
constrained between a first axial row portion of the plurality of electrode sites and a second axial row
portion of the plurality of electrode sites adjacent to the first axial row portion;

e) wherein the longitudinal edge of the substrate includes a set of undulatory extensions with a

ratio of a major axis of the plurality of electrode sites to a minor axis of the plurality of the electrode

sites being:
i) proportional to the amplitude of the set of undulations;
i) proportional to an outer diameter of the three-dimensional shape of the substrate; and
iii) inversely proportional to the edge-to-edge spacing.

25. The neural interface system of claim 24 wherein the triangular lattice is an equilateral

triangular lattice.

26. The neural interface system of claim 24 wherein the plurality of electrode sites are distributed

in the triangular lattice with equal edge-to-edge spacing.

217. A method of making a neural interface system, comprising the steps of:

a) providing a flexible substrate comprises spaced apart first and second lateral edges extending
from a proximal edge to a distal edge;

b) removing selected portions of the substrate to form first and second lateral edges having
respective first and second wavy shapes curving alternatively in opposite lateral directions as they
extend axially at least part way from the proximal edge to the distal edge of the substrate;

C) depositing a first polymer layer on the substrate;

d) depositing a metal layer on the first polymer layer and patterning the metal layer to form a
plurality of conductive traces;

e) building a plurality of electrode sites coupled to the plurality of conductive traces;

f) depositing a second polymer layer on the substrate; and
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0) rolling the substrate to interleave the first wavy shape of the first lateral edge with the second
wavy shape of the second lateral edge to thereby form an interleaved boundary at the first and second

lateral edges of the substrate supporting the electrical sites and the conductive traces on the carrier.

28. The method of claim 27 including arranging the electrode sites in a triangular lattice on the

substrate.

29. The method of claim 28 including interleaving the extensions with a portion of the plurality of
electrode sites, thereby providing the triangular lattice being uninterrupted.

30. An electrode array, which comprises:

a) a substrate that is configured to be formed into a three-dimensional shape and comprises
spaced apart first and second lateral edges extending from a proximal edge to a distal edge, wherein
the first and second lateral edges comprise respective first and second wavy shapes curving
alternatively in opposite lateral directions as they extend axially at least part way from the proximal
edge to the distal edge of the substrate;

b) a plurality of conductive traces patterned on the substrate; and

c) a plurality of electrode sites supported on the substrate and individually electrically coupled to
one of the plurality of conductive traces,

d) wherein the first wavy shape of the first lateral edge is configured to interleave with the

second wavy shape of the second lateral edge.

31. The electrode array of claim 30 wherein the plurality of electrode sites includes at least one of

a recording electrode site and a stimulation electrode site.

32. The electrode array of claim 30 wherein the plurality of electrode sites are arranged in a

triangular lattice circumferentially around and axially along the carrier.

33.  The electrode array of claim 30 wherein the electrode sites have either a circular or elliptical

shape with an eccentricity ranging from O to 1.

34. An electrode array, which comprises:

a) a substrate that is configured to be formed into a three-dimensional shape and comprises
spaced apart first and second lateral edges extending from a proximal edge to a distal edge, wherein
the first and second lateral edges comprise respective first and second patterned shapes selected from
the group consisting of wavy extensions, rectangular extensions and square extensions as the lateral

edges extend axially at least part way from the proximal edge to the distal edge of the substrate;
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b) a plurality of conductive traces patterned on the substrate and adapted to transmit electrical
signals; and

c) a plurality of electrode sites supported on the substrate and individually electrically coupled to
one of the plurality of conductive traces,

d) wherein the first lateral edge is configured to interleave with the second lateral edge to

thereby form an interleaved boundary at the first and second lateral edges.

35.  The electrode array of claim 34 wherein the first and second patterned shapes are either
regularly or irregularly spaced along the respective first and second lateral edges.

36.  The electrode array of claim 34 wherein the first and second patterned shapes are either
regularly or irregularly patterned along the respective first and second lateral edges.
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