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Description

Field of the Invention

[0001] The present invention is generally directed to
electrode arrays, and more particularly to implantable
electrode arrays for medical devices.

Background of the Invention

[0002] Arrays of electrodes for neural stimulation are
commonly used for a variety of purposes. Some exam-
ples include: US Patent 3,699,970 to Brindley describes
an array of cortical electrodes for visual stimulation. Each
electrode is attached to a separate inductive coil for signal
and power. US Patent 4,573,481 to Bullara describes a
helical electrode to be wrapped around an individual
nerve fiber. US Patents 4,837,049 to Byers describes
spike electrodes for neural stimulation. Each spike elec-
trode pierces neural tissue for better electrical contact.
US Patent 5,215,088 to Norman describes an array of
spike electrodes for cortical stimulation. US Patent
5,109,844 to de Juan describes a flat electrode array
placed against the retina for visual stimulation. US Patent
5,935,155 to Humayun describes a retinal prosthesis for
use with the flat retinal array described in de Juan.
[0003] It is well known that the resolution of light per-
ception on the retina is highest at the fovea, and signifi-
cantly lower at the periphery of the retina. Resolution
reduces gradually across the surface of the retina moving
from the fovea to the periphery.

[0004] Applicant has discovered, through experimen-
tal use of a retinal prosthesis, that a very small amount
of power is needed to stimulate the perception of light
near the fovea; while a much larger amount of power is
needed to stimulate the perception of light further from
the fovea. The resolution of a retinal electrode array is
limited by the size and spacing of the individual retinal
electrodes. The size of a retinal electrode is limited the
amount of power that must be transferred from the elec-
trode to neural tissue, to create the perception of light.
As electrode size decreases, or power increases, charge
density on the electrode increases. At high charge den-
sities, electrodes tend to corrode, or dissolve in a saline
environment. Charge density is the primary limit on how
small electrodes can be made and how closely that can
be placed.

[0005] US 4 837 049, US 5 643 330, WO 99/56818,
US 6 091 979 and David H Liang et al: "The Nerve-Elec-
trode Interface of the Cochlear Implant: Current Spread"
published in IEEE TRANSACTIONS ON BIOMEDICAL
ENGINEERING, vol. 46, no. 1, January 1999, all describe
further examples of electrode arrays for medical applica-
tions.

Summary of the Invention

[0006] The present invention is an implantable elec-
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trode array as set forth in claim 1, having electrodes with
variable pitch and preferably also variable size. Electrode
arrays of the prior art provide electrodes with a common
spacing and size. However, this is not how the human
body is arranged. As an example, the retina has closely
spaced retinal light receptors near the fovea. The light
receptors are spaced farther apart, farther away from the
fovea, near the periphery of the retina. Further, the
amount of electrical current required to stimulate the per-
ception of light increases with distance from the fovea.
Hence, larger electrodes are required to transfer the nec-
essary current farther away from the fovea. By placing
small, closely spaced low power electrode near the
fovea, and larger widely spaced electrode at the periph-
ery, resolution is maximized.

[0007] The novel features of the invention are set forth
with particularity in the appended claims. The invention
will be best understood from the following description
when read in conjunction with the accompanying draw-
ings.

Brief Description of the Drawings

[0008]

FIG. 1 is a view of the preferred retinal electrode
array.

FIG. 2 is a view of the preferred retinal prosthesis.
FIG. 3 is a view of an alternate electrode array used
in a cortical stimulator.

Detailed Description of the Preferred Embodiments

[0009] The following description is of the best mode
presently contemplated for carrying out the invention.
This description is not to be taken in a limiting sense, but
is made merely for the purpose of describing the general
principles of the invention. The scope of the invention
should be determined with reference to the claims.
[0010] The presentinvention provides an array of var-
iable pitch, variable size electrodes. FIG. 1 shows the
invention applied to a retinal stimulator for artificial sight.
Electrodes on the preferred retinal electrode array 10 be-
gin very small and close together with a center electrode
12 at the fovea. A first circle of electrodes 14 approxi-
mately 10 microns in width are placed 5 microns apart.
The size and pitch of the electrodes increases propor-
tionally moving away from the fovea. It is not necessary
that the fovea be at the center of the electrode array. The
preferred electrode array extends further from the fovea
in the direction opposite from the optic nerve (not shown),
with the largest electrode 16 at the furthest point from
the optic nerve. The largest electrode is 1 millimeter in
width and 4 millimeters from the nearest electrode. The
preferred array body is curved to match the curvature of
the retina.

[0011] It should be noted that Fig. 1 is not drawn to
scale as a scale drawing would be impossible, given PTO
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accepted dimensions. Further, the preferred electrode
array would have far more electrodes than those shown.
Several different types of electrode are possible in a ret-
inal electrode array such as spikes (as shown in Fig. 3)
mushrooms or other elongated or recessed shapes. The
present invention is independent of the type of electrode
used. The variation of electrode size is due to limitations
in the charge density supported by current electrode de-
signs. Future electrode designs may improve charge
density capability obviating the need to vary electrode
size. In such a case, it would still be advantageous to
vary electrode pitch.

[0012] FIG 2 shows the preferred retinal prosthesis for
use with the variable pitch electrode array of the present
invention. The variable pitch electrode array 10 is placed
against the outer surface of a retina 22 (epiretinally). A
cable 24 pierces a sclera 26 and attaches to an electronic
control unit 28. The electronic control unit is attached to
the sclera and moves with the sclera. A return electrode
30 is placed outside the sclera and distant from the retina
22. Electricity travels through the body between the stim-
ulating electrode array 10 and return electrode 30, to
complete an electrical circuit.

[0013] The retinal prosthesis also includes a coil 32
around the front of the sclera and coupled to the elec-
tronic control unit 28. The coil 32 receives an inductive
signal from an external unit (not shown). The signal in-
cludes the video information provided to the stimulating
electrode array 10.

[0014] The presentinvention is notlimited to the retina,
butis applicable to may parts of the human body as show
in the alternate embodiment of FIG 3.

[0015] FIG. 3 shows an alternate embodiment of the
invention applied to a cortical brain stimulator. In a cortical
brain stimulator, the electrode must pierce the cerebral
cortex. Hence spike electrodes are used. Spike elec-
trodes on the cortical electrode array 40 begin very small
and close togetherwith a center electrode 42 atthe center
of the visual "area" of the cerebral cortex. A first circle of
electrodes 44 approximately 5 microns in width are
placed 2.5 microns apart. The size and pitch of the elec-
trodes increase proportionally moving away from the
center of the visual portion of the cortex. It is not neces-
sary that the center of the visual portion of the cortex be
atthe center of the electrode array. The furthest electrode
46 is also the largest. Charge density is less of an issue
in cortical stimulation than in retinal stimulation. Hence
an array that varies electrode pitch without varying elec-
trode size could be quite effective.

[0016] Accordingly, what has been shown is an im-
proved electrode array for neural stimulation with elec-
trodes of variable pitch and variable size. While the in-
vention has been described by means of specific embod-
iments and applications thereof, it is understood that nu-
merous modifications and variations could be made
thereto by those skilled in the art without departing from
the scope of the invention, as defined by the appended
claims. For example, while it is preferable to vary both
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pitch and size, varying only pitch will have advantageous
results. It is therefore to be understood that within the
scope of the claims, the invention may be practiced oth-
erwise than as specifically described herein.

Claims
1. Animplantable electrode array (10, 40) comprising:

an array body;

a plurality of electrodes (12, 14, 16, 42, 44, 46)
spaced across said array body at varying pitch,
characterised in that,

said varying pitch is small toward a central por-
tion of said array body and increases along a
radial direction moving away from the central
portion toward an outer edge of said array body;
and

said varying pitch increases proportionally with
distance along the radial direction moving away
from said central portion.

2. The implantable electrode array (10, 40) according
to claim 1, wherein said electrodes (12, 14, 16, 42,
44, 46) are of varying size.

3. The implantable electrode array (10, 40) according
to claim 2, wherein said varying size of said elec-
trodes is small toward said central portion of said
array body, and increases toward an outer edge of
said array body.

4. The implantable electrode array (10, 40) according
to claim 3, wherein said varying size of said elec-
trodes increases proportionally to a distance from
said central portion.

5. The implantable electrode array (10, 40) according
to any one of claims 1 to 4, wherein said electrodes
are elongated electrodes.

6. The implantable electrode array (10, 40) according
to claim 5, wherein said elongated electrodes are
mushroom shaped electrodes.

7. The implantable electrode array (10, 40) according
to claim 5, wherein said elongated electrodes are
spike electrodes (42, 44, 46).

8. An implantable retinal electrode array (10) compris-
ing an implantable electrode array according to any
one of claims 1 to 4.

9. The implantable retinal electrode array (10) accord-
ing to claim 8, wherein a central portion of said array
is configured to be located toward the fovea and an
outer edge of the array is configured to be located
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toward the outer edge of the retina.

Animplantable cortical electrode array (40) compris-
ing an implantable electrode array according to any
one of claims 1 to 4, wherein said plurality of elec-
trodes are spike electrodes (42, 44, 46).

Patentanspriiche

1.

Implantierbare Elektrodenanordnung (10, 40), die
Folgendes umfasst:

einen Anordnungskorper;

eine Vielzahl von Elektroden (12, 14, 16, 42, 44,
46), die in variierendem Teilungsabstand auf
dem Anordnungskorper angeordnet sind,
dadurch gekennzeichnet, dass

der variierende Teilungsabstand in Richtung ei-
nes zentralen Teils des Anordnungskorpers
klein ist und entlang einer radialen Richtung,
sich von dem zentralen Teil in Richtung einer
AuBenkante des Anordnungskoérpers wegbe-
wegend, zunimmt; und

der variierende Teilungsabstand entlang der ra-
dialen Richtung, sich von dem zentralen Teil
wegbewegend, proportional mit dem Abstand
zunimmt.

Implantierbare Elektrodenanordnung (10, 40) nach
Anspruch 1, worin die Elektroden (12, 14, 16,42, 44,
46) eine unterschiedliche Grof3e aufweisen.

Implantierbare Elektrodenanordnung (10, 40) nach
Anspruch 2, worin die unterschiedliche GroRe der
Elektroden in Richtung des zentralen Teils des An-
ordnungskdrpers klein ist und in Richtung einer Au-
Renkante des Anordnungskdrpers zunimmt.

Implantierbare Elektrodenanordnung (10, 40) nach
Anspruch 3, worin die unterschiedliche GrofRe der
Elektroden proportional zu einem Abstand von dem
zentralen Teil zunimmt.

Implantierbare Elektrodenanordnung (10, 40) nach
einem der Anspriiche 1 bis 4, worin die Elektroden
langliche Elektroden sind.

Implantierbare Elektrodenanordnung (10, 40) nach
Anspruch 5, worin die langlichen Elektroden pilzfér-
mige Elektroden sind.

Implantierbare Elektrodenanordnung (10, 40) nach
Anspruch 5, worin die langlichen Elektroden Spike-
Elektroden (42, 44, 46) sind.

Implantierbare Netzhaut-Elektrodenanordnung
(10), die eine implantierbare Elektrodenanordnung
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10.

nach einem der Anspriiche 1 bis 4 umfasst.

Implantierbare Netzhaut-Elektrodenanordnung (10)
nach Anspruch 8, worin ein zentraler Teil der Anord-
nung konfiguriert ist, in Richtung der Sehgrube po-
sitioniert zu sein, und eine Au3enkante der Anord-
nung konfiguriert ist, in Richtung des Rands der
Netzhaut positioniert zu sein.

Implantierbare Cortex-Elektrodenanordnung (40),
die eine implantierbare Elektrodenanordnung nach
einem der Anspriiche 1 bis 4 umfasst, worin die Viel-
zahl von Elektroden Spike-Elektroden (42, 44, 46)
ist.

Revendications

1.

Réseau d’électrodes
comprenant :

implantables (10, 40),

un corps de réseau ;

une pluralité d’électrodes (12, 14, 16,42, 44, 46)
espacée au travers dudit corps de réseau selon
un pas variable,

caractérisé en ce que

ledit pas variable est petit vers une partie cen-
trale dudit corps de réseau, et augmente le long
d’'une direction radiale s’éloignant de la partie
centrale vers un bord extérieur dudit corps de
réseau ; et

ledit pas variable augmente proportionnelle-
ment avec la distance le long de la direction ra-
diale en s’éloignant de ladite partie centrale.

Réseau d’électrodes implantables (10, 40) selon la
revendication 1, dans lequel lesdites électrodes (12,
14, 16, 42, 44, 46) sont d’'une taille variable.

Réseau d’électrodes implantables (10, 40) selon la
revendication 2, dans lequel ladite taille variable des-
dites électrodes est petite vers ladite partie centrale
dudit corps de réseau, et augmente vers un bord
extérieur dudit corps de réseau.

Réseau d’électrodes implantables (10, 40) selon la
revendication 3, dans lequel ladite taille variable des-
dites électrodes augmente proportionnellement a
une distance depuis ladite partie centrale.

Réseau d'électrodes implantables (10, 40) selon
I'une quelconque des revendications 1 a 4, dans le-
quel lesdites électrodes sont des électrodes allon-
gées.

Réseau d’électrodes implantables (10, 40) selon la
revendication 5, dans lequel lesdites électrodes al-
longées sont des électrodes en forme de champi-
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gnon.

Réseau d’électrodes implantables (10, 40) selon la
revendication 5, dans lequel lesdites électrodes al-
longées sont des électrodes en forme de pointe (42,
44, 46).

Réseau d’électrodes rétiniennes implantables (10)
comprenantunréseaud’électrodes implantables se-
lon I'une quelconque des revendications 1 a 4.

Réseau d’électrodes rétiniennes implantables (10)
selon la revendication 8, dans lequel une partie cen-
trale dudit réseau est configurée pour étre position-
née vers la fovéa, et un bord extérieur du réseau est
configuré pour étre positionné vers le bord extérieur
de la rétine.

Réseau d’électrodes corticales implantables (40)
comprenantunréseau d’électrodes implantables se-
lon 'une quelconque des revendications 1 a 4, dans
lequel ladite pluralité d’électrodes sont des électro-
des en forme de pointe (42, 44, 46).
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