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(57) Abstract: The present invention is an implantable electrode array (10) having electrodes with variable pitch and 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 receptors near the fovea. Those receptors are spaced farther apart,

farther away from the fovea. Further, the amount of electrical current required to stimulate the perception of light increases with
distance from the fovea. Hence, larger electrodes (16) are required to transfer the necessary current farther away from the fovea.
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VARIABLE PITCH ELECTRODE ARRAY

Field of the Invention

The present invention is generally directed to electrode arrays, and

more particularly to implantable electrode arrays for medical devices.

Background of the Invention

Arrays of electrodes for neural stimulation are commonly used for
a variety of purposes. Some examples 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
electrode 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.

It is well known that the resolution of light perception on the retina
is highest at the fovea, and significantly lower at the periphery of the
retina. Resolution reduces gradually across the surface of the retina
moving from the fovea to the periphery.

Applicant has discovered, through experimental 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 electrode to neural
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tissue, to create the perception of light. As electrode size decreases, or
power increases, charge density on the electrode increases. At high
charge densities, 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.

Summary of the Invention

The present invention is an implantable electrode array having
electrodes with variable pitch and 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 perception of light increases with distance from the fovea.
Hence, larger electrodes are required to transfer the necessary current
farther away from the fovea. By placing small, closely spaced low power
electrode near the fovea, and larger widely spaced electrode at the
periphery, resolution is maximized.

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
drawings.

Brief Description of the Drawings

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

The following description is of the best mode presently contemplated

for carrying out the invention. This description is not to be taken in a
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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.

The present invention provides an array of variable 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
begin very small and close together with a center electrode 12 at the
fovea. A first circle of electrodes 14 approximately 10 microns in width
are placed 5 microns apart. The size and pitch of the electrodes
increases proportionally 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.

It should be noted that Fig. 1 is not drawn to scale as a scale
drawing would be impossible, given PTO accepted dimensions. Further,
the preferred electrode array would have far more electrodes than those
shown. Several different types of electrode are possible in a retinal
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 designs.
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.

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
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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 stimulating electrode array 10 and return electrode 30,
to complete an electrical circuit.

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

The present invention ié not limited to the retina, but is applicable
to may parts of the human body as show in the alternate embodiment of
FIG 3.

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
electrodes on the cortical electrode array 40 begin very small and close
together with a center electrode 42 at the 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 electrodes
increase proportionally moving away from the center of the visual portion
of the cortex. It is not necessary that the center of the visual portion of
the cortex be at the 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 electrode size could be quite effective.

Accordingly, what has been shown is an improved electrode array
for neural stimulation with electrodes of variable pitch and variable size.
While the invention has been described by means of specific embodiments
and applications thereof, it is understood that numerous modifications and
variations could be made thereto by those skilled in the art without
departing from the spirit and scope of the invention. For example, while it is

preferable to vary both pitch and size, varying only pitch will have
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advantageous results. It is therefore to be understood that within the scope
of the claims, the invention may be practiced otherwise than as specifically

described herein.
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CLAIMS

What is claimed is:

1. An implantable electrode array comprising:
an array body;
a plurality of electrodes spaced across said array body at varying

intervals.

2. The implantable electrode array according to claim 1,
wherein said electrodes are of varying size.

3. The implantable electrode array according to claim 1,
wherein said varying pitch is small toward a central portion of said array
body and increases toward an outer edge of said array body.

4. The implantable electrode array according to claim 2,
wherein said varying size of said electrodes is small toward said central
portion of said array body, and increases toward an outer edge of said
array body.

S. The implantable electrode array according to claim 3,
wherein said varying pitch of said electrodes increases proportionally to a
distance from said central portion.

6. The implantable electrode array according to claim 4,
wherein said varying size of said electrodes increases proportionally to a
distance from said central portion.

7. The implantable electrode array according to claim 1,
wherein said electrodes are elongated electrodes.

8. The implantable electrode array according to claim 7,

wherein said elongated electrodes are mushroom shaped electrodes.
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9. The implantable electrode array according to claim 7,

wherein said elongated electrodes are spike electrodes.

10. The implantable electrode array according to claim 7,

wherein said elongated electrodes are of varying size.

11.  The implantable electrode array according to claim 7,
wherein said varying pitch is small toward a central portion of said array

body and increases toward an outer edge of said array body.

12. The implantable electrode array according to claim 7,
wherein said varying size of said elongated electrodes is small toward
said central portion of said array body, and increases toward an outer
edge of said array body.

13.  The implantable electrode array according to claim 7,
wherein said varying pitch of said elongated electrodes increases

proportionally to a distance from said central portion.

14. The implantable electrode array according to claim 7,
wherein said varying size of said elongated electrodes increases

proportionally to a distance from said central portion.

15.  Animplantable retinal electrode array comprising:
an array body;
a plurality of electrodes spaced across said array body at varying

intervals.

16. The implantable retinal electrode array according to claim
15, wherein said electrodes are of varying size.



WO 03/082404 PCT/US03/09701

10

15

20

25

30

17. The implantable retinal electrode array according to claim
15, wherein said varying pitch is small toward the fovea and increases

toward the outer edge of the retina.

18. The implantable retinal electrode array according to claim
16, wherein said varying size of said electrode is small toward the fovea
and increases toward the outer edge of the retina.

19.  The implantable retinal electrode array according to claim
18, wherein said varying pitch of said electrodes increases proportionally
to a distance from the fovea.

20. The implantable retinal electrode array according to claim
18, wherein said varying size of said electrodes increases proportionally

to a distance from the fovea.

21. Animplantable cortical electrode array comprising:
an array body;
a plurality of spike electrodes spaced across said array body at varying
intervals.

22. The implantable electrode array according to claim 21,
wherein said spike electrodes are of varying size.

23. The implantable electrode array according to claim 21,
wherein said varying pitch is small toward a central portion of said array

body and increases toward an outer edge of said array body.

24, The implantable electrode array according to claim 21,
wherein said varying size of said spike electrodes is small toward said
central portion of said array body, and increases toward an outer edge of
said array body.
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25. The implantable electrode array according to claim 24,
wherein said varying pitch of said spike electrodes increases
proportionally to a distance from said central portion.

26. The implantable electrode array according to claim 25,
wherein said varying size of said spike electrodes increases proportionally
to a distance from said central portion.
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