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(7) ABSTRACT

An ocular device that can more safely and effectively
perform all functions needed of a retinal prosthesis with
electronic components that are placed outside the wall of an
eye, are powered wirelessly provided by an external power
source, and which provide a patient with a view determined
by natural motion of the eye and triggered by natural
incident light converging at the retina. In one aspect, the
invention is an externally powered, light-activated, sub-
retinal prosthesis in which natural light entering the eye
conveys visual details to the sub-retinal prosthesis, while
wireless radiofrequency transmission provides the power
needed to stimulate the retina, which would be insufficient if
it were obtained from the intensity of incoming light alone.
In another aspect, the present invention provides means for
controlling and communicating, from outside a patient’s
body, a transformation algorithm and parameters of the
algorithm by which an optical pattern incident on the
prosthesis is converted to a pattern of electrical stimulation
of the retina that conveys useful information to the patient
and influences visual function.
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FIG. 2A
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FIG. 2B
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MINIMALLY INVASIVE RETINAL PROSTHESIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to U.S.
Provisional Application No. 60/349,687, filed Jan. 17, 2002,
the teachings of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention is directed to the field of
ocular devices and more particularly to an apparatus and
method for a minimally invasive retinal prosthesis.

BACKGROUND OF THE INVENTION

[0003] A reference list is appended hereto. Citation num-
bers identified in parentheses refer to this reference list. All
of the teachings of the references identified in the reference
list are incorporated herein by reference.

[0004] A visual prosthesis is a device that captures aspects
of the visual environment and uses this information to
stimulate nerves within the visual pathway to influence
vision. (40, 60, 61, 76, 77, 85, 114, 115, 116, 136, 142). A
visual prosthesis may be placed within the eye or at some
location on the path toward or within the visual part of the
brain. Visual prosthetic devices within the eye can be
positioned on the inner surface of the retina (i.e. epi-retinal)
or under the retina (sub-retinal). Every option for placement
provides certain advantages and creates certain disadvan-
tages that must be addressed if vision is to be created in a
manner that would be useful to a blind patient.

[0005] A retinal prosthesis is designed to replace the
function of degenerated nerve cells of an eye that causes in
blindness. The retinal prosthesis has the capability to stimu-
late surviving nerve cells in a manner designed to convey
information about the visual world. The surviving nerve
cells of the eye carry the artificially induced nerve signals to
the visual part of the brain through the optic nerve. The
broad concept of utilizing a retinal prosthesis to restore
vision to the blind was first described in U.S. Pat. No.
2,760,483 to Tassicker and later in U.S. Pat. No. 4,628,933
to Michelson, the teachings of both of which are incorpo-
rated herein by reference.

[0006] At least two significant forms of blindness occur
because of a loss of the photoreceptive cells of the retina, i.e.
those cells that normally convert the energy from light that
enters the eye into a nerve signal that is carried to the brain.
Age-related macular degeneration is the leading cause of
blindness in the industrialized world, and retinitis pigmen-
tosa is the leading cause of inherited blindness throughout
the world. Age-related macular degeneration results in a loss
of central vision, which eliminates a person’s ability to read
or recognize faces. Retinitis pigmentosa results in a slow
loss of peripheral and then central vision. Patients with
retinitis pigmentosa are more severely affected because of
the loss of both central and peripheral vision. A worthy goal
of treatment for patients with retinitis pigmentosa is resto-
ration of some peripheral vision, which would enhance a
patient’s ability to ambulate independently and more safely
in unfamiliar environments. A retinal prosthesis has the
potential to restore vision to patients with these and poten-
tially other forms of blindness caused by a dysfunctional
retina.
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[0007] Retinal prostheses can be broadly divided into two
categories: epi-retinal (30, 63, 64, 66, 81, 83, 105, 106, 109,
111, 136, 142) and sub-retinal. (14, 15, 26, 28, 29, 119, 120,
121, 129-132). Epi-retinal devices are placed on or near the
inner surface of the retina, that is, the side which is first
exposed to incoming light rays and along which the nerve
fibers of the ganglion cells pass on their way to the optic
nerve. Sub-retinal devices are placed under the retina,
between the retina and the underlying retinal pigment epi-
thelium or other deeper tissues. Although devices in either
location are capable of effectively stimulating retinal nerve
cells, there are advantages and potential disadvantages to
each strategy. One very significant advantage of a sub-retinal
prosthesis is the opportunity to implant the device by
approaching the sub-retinal space from outside of the eye
(i.e. ab externo, through the sclera covering the back of the
eye), rather than having to perform any (or any significant)
surgery within the center of the eye, which is much more
likely to result in chronic inflammation, infection or a host
of other problems that might compromise the safe implan-
tation or effectiveness of a prosthesis.

[0008] Retinal prostheses can also be divided into the
means by which they receive power for their operation. Any
retinal prosthesis must embody the means to: 1) capture a
visual image; 2) translate the details of a captured visual
image into a pattern of stimulation of the retina; and 3)
obtain sufficient power to both operate the electronics and
stimulate the retina. Retinal prostheses have been disclosed
which use electromagnetic energy obtained either from light
(119-132) or radiofrequency (136-142) transmission.

[0009] A third division of retinal prostheses is by the
location at which the image from the external world is
acquired. An external camera located on a pair of glasses or
elsewhere outside the body is one possibility, while an
imaging system implanted within the eye is another. An
external camera has the advantage of faithfully capturing
details of a visual scene but this signal must be then be
transformed to a pattern of stimulation commands sent to the
implanted prosthesis. An additional disadvantage is that, in
simple implementations, the view the patient sees is deter-
mined artificially by motion of the external camera rather
than by the natural motion of the eye. An internal imaging
system has the advantage of allowing the direction of the eye
to determine what the patient sees, but the imaging system
must be implanted within the body and the exact stimulation
pattern applied to the retina is not known from outside.

[0010] The goal of creating “useful” vision is extremely
challenging, primarily because of the intricacy of human
vision, the complexity of the nerve circuitry that provides
vision, and because of the potential for the body to reject
implantation of a foreign object, especially near the retina,
which is as delicate and complex as the rest of the brain.
Creation of anything like normal vision by a prosthesis
would require the ability to generate images that contain at
least the attributes of spatial detail (i.e. to permit reading or
other fine work), color vision and variations of contrast
(which improve the resolution in an image). These qualities
are normally provided by nerve cells in the center of the
retina (i.e. the macula) and, as such, these attributes of vision
can be considered to represent “central vision”. The area of
the macula, however, is only a small fraction of the total area
of the retina. The majority of primate vision is actually
“peripheral” vision that is designed simply to detect the



US 2003/0158588 Al

presence of objects in the environment. Once alerted, a
person would then move the eye so that the center of the
retina (with its much higher density of nerve cells and hence
greater capacity to resolve visual detail) fixates on the target
of interest. Peripheral vision provides an especially good
ability to detect motion because of the presence of nerve
cells with relatively large receptive fields (i.e. the area within
which the cells will respond to moving objects). Ideally, a
visual prosthesis should be designed in a manner to permit
restoration of both central and peripheral vision, depending
upon the needs of individual patients. A visual prosthesis
could also be used to influence light-induced circadian
rhythms, modulate pupillomotor responses to control the
amount of light entering the eye, or, if a prostheses were
placed in homologous regions of the retina in both eyes,
provide stereopsis (i.e. depth perception).

[0011] The requirements differ for a prosthesis able to
generate useful central vision as compared with useful
peripheral vision. The relatively high resolution of central
vision can only be delivered by a prosthesis if the electrode
array that abuts the retina contains a relatively high density
of stimulating elements. Driving the larger number of elec-
trodes needed for this purpose imposes greater demands
upon the power delivery of the prosthesis, which must in
turn obtain that power from an artificial, external source,
given that the intensity of the incident light that illuminates
the retina is woefully insufficient to electrically activate
nerve cells (which evolved to respond with high sensitivity
to light, not electricity)). The relatively intense power source
required has the potential to damage the retina because of the
unavoidable loss of energy at a secondary coil of a radiof-
requency system that produces heat. Similarly, attempts to
obtain sufficient energy from light entering the eye (as from
a prosthetic device that provides electronically filtered light
from the outside) also have the potential to damage the retina
because of the well-described phototoxicity that would
occur with the levels of light needed to power a prosthesis.

[0012] Restoring peripheral vision (i.e. mainly detection
of objects in the environment) is also a challenging goal,
although the challenges differ in several respects from those
described above with respect to central vision. The normal
range of peripheral vision equals approximately 150 degrees
in each eye (90 degrees from the center to the farthest extent
to the side of the head, and 60 degrees from the center
toward the nose). As is known from clinical experience with
patients who are going blind from retinitis pigmentosa, a
patient’s ability to navigate within unfamiliar environments
becomes limited when the full extent of the field of periph-
eral vision becomes less than ten degrees of visual angle. As
such, a retinal prosthetic must provide at least ten degrees of
peripheral vision, and preferably much more.

[0013] There is, however, a severe barrier to achieving
larger degrees of peripheral vision. Fundamentally, the abil-
ity to achieve degrees of visual field depends upon the ability
to stimulate the nerve cells within an area of retina that
corresponds to that area of visual field. Ten degrees of visual
field corresponds to roughly 3 mm over the retinal surface.
Hence an array would have to cover at least a 3x3 mm region
of retina to meet the most minimal criteria for delivering an
adequate degree of benefit to severely blind patients. It
would be preferable to provide substantially more peripheral
vision than 10 degrees, given that 150 degrees is the normal
amount of vision that humans can experience. Inserting large
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stimulating arrays is problematic, since an incision in the
wall of the eye must be at least as large as the width of the
stimulating array. Larger incisions are known to be associ-
ated with greater risk for surgical complications, and hence
there would seem to be a practical limit on the degree of
peripheral vision that could be achieved.

[0014] Solutions to the challenges in providing a relatively
large degree of peripheral vision have been proposed in the
prior art. Polyimide films with embedded microelectrodes
have been used for neural recording in animal experiments
(25). The present inventors and their associates first taught
the use of such thin and flexible microfilms for use in human
retinal stimulation (See U.S. Pat. Nos.: 6,324,429 to Shire et
al.; 6,120,538 to Rizzo et al. and 5,800,530 to Rizzo, the
teachings of which are incorporated herein by reference).
These microfilms can be placed into an eye through a
relatively small incision in the wall of the eye. Once inside
of the eye, these films can be flattened onto the retina to
provide a relatively large surface area of nerve stimulation.

[0015] Another solution, also taught by the present inven-
tors, is the use of an inflatable microelectronic device (see
U.S. Pat. No. 6,368,349 to Wyatt et al., the teachings of
which are incorporated herein by reference), which can also
be inserted through a small incision and then expanded
within the eye so that the array contacts the epi- or sub-
retinal surface. Further solutions are still needed to address
the issues inherent in providing large degree peripheral
vision.

[0016] Prior art retinal prostheses have been created
through the various choices of stimulation location (i.e. epi-
vs. sub-retinal), various means of powering the device (i.e.
use of light vs. radiofrequency transmission), and various
locations for obtaining an image (i.c., extraocularly or
intraocularly). In particular, Chow et al. have taught the use
of sub- or epi-retinal devices that use light for transmission
to the prosthesis of spatially specific visual detail and power.
(See, for example, U.S. Pat. Nos.: 6,075,251; 6,069,365;
6,020,593, 5,949,064; 5,895,415; 5,837,995, 5,556,423; and
5,397,350). Michelson, referenced above, has taught the use
of an epi-retinal device that utilizes both light and radiof-
requency transmission. Subsequently, Humayun et al. taught
the use of epi-retinal devices that use radiofrequency trans-
mission alone. (See U.S. Pat. No. 5,935,155). The teachings
of all of the references cited above are incorporated herein
by reference.

[0017] There is therefore still a need for an improved
ocular device capable of more safely and effectively per-
forming the needed functions of a retinal prosthesis by
minimizing the anatomical disruption of the delicate interior
of the eye while maximizing the safe delivery of the energy
needed to drive a large number of stimulating elements.

SUMMARY OF THE INVENTION

[0018] The present invention discloses an ocular device
that can more safely and effectively perform all functions
needed of a retinal prosthesis with electronic components
that are placed outside the wall of an eye, are powered
wirelessly provided by an external power source, and which
provide a patient with a view determined by natural motion
of the eye and triggered by natural incident light converging
at the retina. In one aspect, the invention is an externally
powered, light-activated, sub-retinal prosthesis in which



US 2003/0158588 Al

natural light entering the eye conveys visual details to the
sub-retinal prosthesis, while wireless radiofrequency trans-
mission provides the power needed to stimulate the retina,
which would be insufficient if it were obtained from the
intensity of incoming light alone. In another aspect, the
present invention provides means for controlling and com-
municating, from outside a patient’s body, a transformation
algorithm and parameters of the algorithm by which an
optical pattern incident on the prosthesis is converted to a
pattern of electrical stimulation of the retina that conveys
useful information to the patient and influences visual func-
tion.

[0019] In one embodiment, the invention is a retinal
prosthesis comprising an RF coil attached to the outside of
and moving with an eye to receive power from an external
power source. Electronic circuitry is attached to and moves
with the eye and is electrically connected to the RF coil. A
light sensitive array is electrically connected to the elec-
tronic circuitry and located within the eye for receiving
incident light and for generating an electrical signal in
response to the incident light. A stimulating array abuts a
retina of the eye and is electrically connected to the elec-
tronic circuitry to stimulate retinal tissue in response to the
electrical signal from the light sensitive array. In another
embodiment, the present invention further comprises wire-
less control means for specifying, from outside a body of a
patient, transformation by which electrical signals from the
light-sensitive array are transformed into a set of electrical
patterns to the stimulating array to influence visual function.

BRIEF DESCRIPTION OF THE DRAWING

[0020] The invention is described with reference to the
several figures of the drawing, in which:

[0021] FIG. 1 is a schematic illustration of a retinal
prosthesis according to one embodiment of the invention;

[0022] FIGS. 2A and 2B are perspective illustrations of a
retinal prosthesis according to one embodiment of the inven-
tion with the extraocular muscle shown in place and
reflected;

[0023] FIG. 3 is a cross-sectional view of a structure for
neural tissue stimulation according to one embodiment of
the invention;

[0024] FIG. 4 is a systems diagram illustrating the flow of
information and power between subsystems of a neural
tissue stimulation structure without a data coil according to
the embodiment of the invention shown in FIG. 3;

[0025] FIG. 5 is a cross-sectional view of a structure for
neural tissue stimulation with data coil shown according to
one embodiment of the invention; and

[0026] FIG. 6 is a systems diagram illustrating the flow of
information and power between subsystems of a neural
tissue stimulation structure with a data coil according to the
embodiment of the invention shown in FIG. 5.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0027] A retinal prosthesis is disclosed that is designed to
emulate the natural workings of the eye (for instance, by
using natural light entering the eye to trigger the spatial
pattern of nerve stimulation) while also enhancing the
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biocompatibility (16, 27, 70, 103) of the device by virtue of
its low profile, flexible configuration, and implantation
almost entirely outside of the eye. The eye is especially
prone to inflammation, which over time can be destructive
and, in the worse cases, can cause loss of the eyeball. In a
preferred embodiment, the present invention utilizes mate-
rials and a structure that minimizes the potential for ocular
damage. In particular, this present invention seeks to alter
the normal anatomy of the eye as little as possible and to
remove potentially harmful mechanical and thermal (43, 87)
stress from the retina, which is the most delicate element of
the eye.

[0028] Enhanced biocompatibility is achieved by placing
almost the entire retinal prosthesis outside of the eye. In a
preferred embodiment, only an ultra-thin and flexible, light-
sensitive and stimulating array is placed inside of the eye. In
this configuration, more than 90% of the mass and more than
90% of the area of the device is implanted external to the
eye, and preferably more than 99% of the mass and 95% of
the area is so implanted. The external surface of the eye (i.c.
the sclera) is made of collagen and is extremely tough, and
is thus able to withstand chronic implantation of the device.
This preferred embodiment also maintains a secondary RF
coil outside of the eye which, given the significant power
requirements of a prosthesis having a large number of
stimulating elements, protects the retina from the inevitable
and damaging heat generated by the secondary coil. The
success of this embodiment is dependent upon use of
materials that permit fabrication of a flexible prosthesis that
is able to match the natural curvature of the eye. Addition-
ally, because of its relatively low profile (a very few milli-
meters or even a single millimeter or less) the prosthesis will
be able to move freely in the orbital space in concert with
naturally occurring eye movements.

[0029] A preferred method of implantation places the
prosthesis along the lateral side of the eye (i.c. the side
facing the side of the skull). In this location the more delicate
structures in the front of the eye (i.e. in front of Tenon’s
fascial layer) are largely or entirely avoided. Operating and
implanting behind the Tenon’s fascial layer is advantageous
because this retro-orbital space (i.e. the space behind the
eye) is sterile, unlike the front of the eye, and because it is
filled with soft adipose tissue that is compliant and easily
able to accommodate the presence of an external prosthesis.
A prosthesis could not be as safely or comfortably placed
further toward the front of the eye because of the potential
for infection and because of interference with the more
complicated external anatomy of the front of the eye (i.c.
which provides a delicate and conformal layer of tissue
which extends under the lids and over the front parts of the
eye that are visible), among other features. The preferred
embodiment includes an elongated bridge (which can be of
variable length from 0.5-15 mm) that connects the second-
ary coil to the discrete and integrated active electronic
components. This bridge exists to allow the surgeon oppor-
tunity to attach the segments containing the coil and elec-
tronics on either side of one of the extra-ocular muscles,
without having to dis-insert and re-attach the muscle to
attach the prosthesis to the eye. In this regard, the placement
of the secondary coil over the side of the eye (rather than
around the front of the eye, for instance) is particularly
important since such forward placement of a coil would
require dis-insertion of at least four extra-ocular muscles to
achieve a deep enough placement so as to be medically
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acceptable (i.e. if the coil were placed in front of the
muscles, the coil could extrude through the soft tissues in the
front of the eye and be medically hazardous). As is widely
appreciated by ophthalmologists, dis-insertion of four extra-
ocular muscles at one sitting, even if they are promptly
re-inserted, causes anterior segment ischemia because of an
unacceptable decrease in blood delivery to the front of the
eye.

[0030] A retinal prosthesis requires substantial power,
which is primarily used to drive electrical pulses to the
stimulating array. In the prior art, power receiving coils have
been placed inside of the eye but far from the retina in an
intraocular platform located just behind the iris. (See, for
example, U.S. Pat. Nos. 6,120,538 and 5,800,530, refer-
enced above). In a preferred embodiment of the present
invention, the secondary receiving coil is placed outside of
the eye. This external position takes advantage of the dense
sclera and the high volume blood flow of the choriocapillaris
to shield the retina from any significant heating. In this
preferred embodiment, the secondary coil is positioned on
the lateral side of the eye (i.e. facing the temporal region of
the skull), where power transfer from a primary coil attached
to the frame of a pair of glasses (or even placed under the
skin, where it would be protected and perhaps more cos-
metically acceptable, as is done with cochlear prosthetics)
would be facilitated by the relatively close apposition of the
two coils. The secondary receiving coil is integrated with the
remainder of the prosthesis in a monolithic fashion and
includes a mostly microfilm structure (made of polyimide or
parylene, for instance) which is flexible. This flexibility
permits the surgeon to attach the device to the outside of the
eye where the prosthesis is able to match the contour of the
eye, which permits the implanted structure to rotate in kind
with the natural movements of the eye.

[0031] A novel solution to the problem of providing
stimulation to a relatively large area of retina so as to restore
vision to a large area of the visual field is the use of a
flexible, wide-field stimulating electrode array and the nec-
essary surgical methods to implant the array. A novel sur-
gical method teaches the creation of a large (greater than %
circumference) region of retinal detachment by cutting the
attachment of the peripheral retina from the underlying or a
serrata. Modern intraocular surgical methods permit a con-
trolled retinal separation (including up to 360 degrees).
Once created, a very large electrode array (e.g. with a
surface area of roughly 100 mm® area, or greater, with
potentially thousands of electrodes) can be placed under the
retina, which would then be re-attached by standard surgical
means. (A wide-field stimulating array of this type could
also be placed over the epi-retinal surface, in which case the
retina would not be detached but the vitreous humor of the
eye would be removed by standard surgical techniques). The
wide-field, sub-retinal electrode array would be fixed in
position simply by virtue of its placement within the sub-
retinal space (i.e. between the retina and retinal pigment
epithelium). The wide-field, sub-retinal electrode array
could be constructed to be porous (perhaps with thousands
of pores), mesh-like (to facilitate diffusion of ions, nutrients,
cellular waste, and other biochemical compounds between
the retina and the pigment epithelium, as normally occurs)
or fimbriated (i.e. having a large number of thin, flexible
extensions each having an electrode which is connected by
a microwire to a central pod that contains a demultiplexor—
these numerous fimbria could be pre-operatively imbedded
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in an ultra-thin, pliable, biodegradable substrate, like an
agar, which would allow the composite structure to be rolled
into an elongated shape to pass through a small opening in
the eye, wherein the composite structure could be unrolled
to stimulate a wide array of neural tissue). A wide-field,
epi-retinal electrode array would require a means of attach-
ment to the retina, which can be achieved with microtacks
(140), adhesives, compression by silicone oil filling the
vitreous chamber, biologically active compounds that gen-
erate local reactions of tissue to cause adhesion (with or
without the use of intraocular gas), or other means.

[0032] A wide-field stimulating array, which could exist as
an integral component of a preferred embodiment of the
retinal prosthesis described herein, would also contain
intrinsic microcircuitry, including but not limited to, photo-
diodes or other light responsive elements, radiofrequency
coils to receive power and visual signal, and one or more
demultiplexors. The connecting wires to each of the large
number of electrodes contained on the wide-field array
would produce an impractically thick cable, which would
not be conducive to chronic use in the eye since that cable
must penetrate the wall of the eye to connect to external
electronics. As such, one or more demultiplexors can be
used to receive signals from a small number of incoming
wires and then issue stimulus commands to an large number
of stimulating electrodes. The intrinsic microcircuitry con-
tained with the wide-field stimulating array could also
contain custom microcircuitry that could provide: 1) stimu-
lus control in a manner that mimics natural retinal function;
2) stimulation that creates center-surround neural responses;
3) spatial filtering; 4) stimuli that generate retinal responses
like those influenced by natural light-dark adaptation; 5)
algorithmic commands as received from external sources; 6)
stimuli that track movement of objects with the visual
environment; 7) reverse telemetry of hardware and biologi-
cal function, including but not limited to electrode resis-
tance, temperature, pH, neural activity, presence neurotrans-
mitters or other biochemicals; and 8) and other functions
that would either contribute to creation of vision or monitor
the safety or effectiveness of the implanted device.

[0033] The wide-field array, especially with imbedded,
active microcircuitry, would need to be made of or coated
with material(s) that provided hermetic encapsulation (80,
97-103) to protect the microcircuitry from the destructive
effects of bodily fluids, particularly sodium and potassium
ions. The wide-field stimulating array could also contain
higher and lower density regions of stimulating elements to
more closely resemble the natural architecture of the recep-
tive fields of the retinal nerve cells, which vary considerably
with respect to the eccentricity of the cells within the retina.
For example, the peripheral retina is composed of larger
cells that are arranged in populations of lower density than
those found in the central retina. This architecture, as well as
other features, makes the peripheral retina proficient in
detection of objects, especially moving objects, within the
visual environment. In a preferred embodiment, the wide-
field stimulating array is made of flexible components
including imbedded microcircuitry, hermetic sealing, vari-
ous sizes and densities of stimulating elements and the
surgical methods needed to implant through relatively small
openings in the wall of the eye.

[0034] Referring now to the figures of the drawing, the
figures constitute a part of this specification and illustrate
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exemplary embodiments of the invention. It is to be under-
stood that in some instances various aspects of the invention
may be shown exaggerated or enlarged to facilitate an
understanding of the invention.

[0035] FIG. 1 is a schematic illustration of a retinal
prosthesis according to one embodiment of the invention.
Incident light rays 1 enter an eye 10 through a cornea 12 and
crystalline lens 14 and strike a retina 16. A prosthesis, as
described below, is attached to the exterior wall of the eye
10 on the temporal side (i.e., the side away from the nose).
One example of the positioning of the prosthesis is shown
with respect to the fovea 18 which is located at the center of
the retina 16, near the optic nerve 20. The prosthesis
comprises a component on which both retinal stimulating 26
and light-sensitive 28 elements are arrayed, which is
inserted through an ab externo incision through the outer
wall of the eye, the sclera 22, near the back of the eye 10,
so that the active components of the array element abut the
under surface of the retina 16. In a preferred embodiment,
the retinal stimulating 26 and light-sensitive 28 elements are
arrayed either near the end or along the length of the
component. Examples of prior art retinal stimulation arrays
are disclosed in references (13, 62, 67, 68, 73-75, 78, 82) and
prior art light-sensitive arrays are disclosed in references
(120,121, 128-130).

[0036] In a preferred embodiment, the retinal stimulating
array elements 26 and light-sensitive array elements 28 are
interlaced together in a grid-like pattern on a single array
component. In one embodiment, the stimulating array ele-
ments 26 comprise electrodes, preferably including micro-
electrodes, and the light-sensitive array elements 28 com-
prise photodiodes forming an electrode-photodiode array 26,
28. In another embodiment, all electronics of the prosthesis
positioned within the eye contact the retina only in a region
defined by a surface area of the retina 16 covered by the
stimulating array 26 (or retina stimulating/light-sensitive
array 26, 28). In another embodiment, the electronic com-
ponents of the prosthesis in contact with the exterior of the
eye are attached so as to conform to the eye’s curvature, as
shown. The insertion site and the array site can be aligned
nearly over one another, so as to minimize the extent of
retina in contact with the foreign object.

[0037] An exterior RF primary coil 34 is mounted on the
side of a pair of eyeglasses 38 (or on a similarly placed
supporting structure, or, in an alternate embodiment, under
the skin) near and parallel to an implanted RF secondary coil
32 so that electromagnetic fields from the former easily
reach the latter to enable more efficient transmission from
the primary coil 34 to the secondary coil 32. Examples of
prior art coils are disclosed in references (54-57). The
primary coil 34 is driven by an external transmitter circuit
(not shown), carried by the patient in a convenient location
such as a pocket, along with batteries to power the trans-
mitter. The transmitter is attached to the primary coil via a
cable 36. Light from scenes in the external world passing
through the portion of retina immediately above the array
26, 28 is converted to an electrical signal representation of
that scene by the photodiodes and conveyed by wires to a
stimulator chip or other electronic circuitry 30 located
outside of the eye. The electronic circuitry 30 produces a set
of electrical patterns in response to the electrical signal that
is conveyed by wires back to the microelectrodes in the
stimulating array 26 to stimulate approximately the same
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portion of retina 16 through which the incident light had
passed. Examples of prior art stimulator chips are disclosed
in references (42, 44, 46-48, 69, 72). In one embodiment, the
secondary RF coil 32 that receives power from the primary
coil 34 delivers only power to the electronic circuitry 30 and
no image information or information to govern the trans-
formation of optical input to retinal stimulation is delivered.

[0038] In this design, the entire implanted portion of the
prosthesis lies in a sterile region of the body entirely under
the conjunctiva, minimizing the likelihood of infection of
the eye through the chronic ab externo incision. The major-
ity of the mass of the implanted prosthesis lies on the
exterior of the eye and is contained in the eye socket, which
is filled with fat and thus sufficiently compliant to allow for
an implant thickness of one or several millimeters without
resulting in mechanical damage to tissue. Furthermore, in
this embodiment, the majority of the heat dissipation from
the electronics also occurs outside the eye. This design thus
protects the delicate retina from both thermal and mechani-
cal sources of stress.

[0039] In another embodiment, the present invention fur-
ther includes a method and control mechanism 39 for
specifying and communicating, from outside a body of a
patient, transformation by which electrical signals from the
light-sensitive array are transformed into a set of electrical
patterns to the stimulating array to influence visual function.
One or more primary coils 34 serve as devices for the
wireless communication of one or more transformation
algorithms and parameters of the algorithms by which the
optical pattern incident on the photodiode array is converted
to a pattern of electrical stimulation of the retina that
conveys useful information to the patient and influences
visual function. Alteration of the transformation algorithm
may be based on inputs from a patient (i.e. tuning) or
alternatively may be based on known medical specifications
promulgated to doctors and researchers.

[0040] FIGS. 2A and 2B are perspective views of the
placement of implanted and external components of the
prosthesis according to one embodiment of the invention.
FIG. 2A shows an extraocular muscle 24 in place for
moving the eye, while FIG. 2B shows the extraocular
muscle 24 reflected (i.e. pulled back) revealing the stimu-
lating and light-sensitive array 26, 28, that are inserted
through a small incision (or flap), both of which can be
sutured closed after insertion. The thinness of the array
requires only a slit-like opening in the wall of the eye which
is then readily sealed by natural tissue reactions which
protect against infection.

[0041] FIG. 3 is a cross-sectional view of one embodi-
ment of the invention illustrating a integrated neural tissue
stimulation structure 40 having a unibody construction. The
structure 40 must be tested in experimental animals before
use with human patients, and the dimensions provided
below are approximately appropriate for experimental
implantation in a pig; however, these dimensions approxi-
mate those needed for implantation in a human.

[0042] The neural tissue stimulation structure 40 com-
prises three modules that are flexibly connected: a coil and
array module 50, a connection module 68, and a control
module 70. The coil and array module 50 comprises an RF
power coil 52 for receiving power from a power source, and
an array on which electrodes 56 and photodiodes 58 are



US 2003/0158588 Al

integrated in a grid-like pattern. The electrode array/photo-
diode array 56, 58 is flexibly attached to the power coil 52
by a flexible wire connection bus 54 that is connected to the
power coil via the bonding attachment area 60. The flexible
wire connection bus 54 has surgical handles 62 and the
power coil has surgical handles and/or holes 64 for manipu-
lation of the prosthesis by the surgeon. The design allows for
surgical access space 66 within the power coil 52. Photo-
diodes on the photodiode array 58 are the input devices for
optical signal to the prosthesis 40, and microelectrodes on
the electrode array 56 are the output devices through which
current is passed to the retina to stimulate it and thereby
convey useful visual information to the patient. In a pre-
ferred embodiment, the electrode-photodiode array 56, 58
measures 2 mm in length and the power coil 52 has an inner
diameter of 6 mm and an outer diameter of 12 mm. The
flexible wire connection bus 54, from attachment area 60 to
array 56, 58, measures 10 mm in length. All of these
components are ultra-thin, having a height preferably less
than 1 mm.

[0043] The connection module 68 comprises a flexible
bridge for sending the electrical signals to and from a
stimulator chip. The connection module is thin and smooth
and of a length such that it may be positioned underneath an
extraocular muscle for moving the eye without negatively
affecting operation of the muscle. In a preferred embodi-
ment, the connection module measures 9 mm in length and
3 mm in width.

[0044] The control module 70 comprises a stimulator chip
or other electronic circuitry 72 for receiving input signals
from the photodiode array components 58 and controlling
the electrical signals delivered to the electrode array ele-
ments 56 for retinal tissue stimulation. The stimulator chip
72 contains rectifier circuitry to rectify the oscillating volt-
age obtained from the power coil 52, and the control module
70 further comprises discrete power supply capacitors 74 for
smoothing the rectified voltage and delivering it to the
stimulator chip. As a result of the substantial currents
required for each electrode to reach perceptual threshold in
blind human subjects (at least 350 microamperes for 400
micron diameter electrodes with 1 millisecond pulses in our
own experiments), the filter capacitors will be quite physi-
cally large, preferably several microfarads, if a number of
electrodes are to be driven at once. Such large capacitances
cannot be readily obtained on a chip, which therefore
requires the use of these separate discrete devices. In this
embodiment, signal information for the conversion param-
eters of the transformation algorithm is also received by the
power coil 52 and delivered to the stimulator chip 72. In an
alternate embodiment the rectification is done more effi-
ciently by discrete Schottky diodes also located in the
control module 70. In a preferred embodiment, the control
module has dimensions of 6 mm in length and width.

[0045] Optical communication from the external world is
wireless in this invention, as it is in the normal functioning
of a healthy eye. The RF secondary coil 52 is the input
device for transmission of power to the prosthesis by mag-
netic coupling from the RF primary coil outside the body.
Electrical power from the RF secondary coil 52 electrical
signals from the photodiodes 58 are sent to the stimulator
chip 72 through a set of embedded wires. The stimulator
chip 72 receives transformation information from the RF
secondary coil 52 through the same set of wires that carry
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power. The stimulator chip 72 processes the data from the
photodiode array 58 in accordance with a transformation
algorithm and uses this information to apply current pulses
to the microelectrodes 56 to stimulate the retina in a pattern
that conveys to the patient useful visual information. In this
embodiment, the RF secondary coil 52 also serves as the
input device for the communication of a transformation
algorithm and parameters of the algorithm by which the
optical pattern incident on the photodiode array is converted
to a pattern of electrical stimulation of the retina that
conveys useful information to the patient and influences
visual function.

[0046] In other embodiments, retinal stimulation could be
achieved through chemical means by the controlled release
of neurotransmitters, neuromodulatory agents, or ionic spe-
cies from the output portion of the array. The operation of a
system utilizing chemical stimulation means operates in a
similar manner to that described above; however, in this
embodiment, the electronic circuitry supplies an electrical
signal to the stimulation array which activates the chemical
release mechanisms on the stimulation array (which would
require a microfluidic or other device and a reservoir to
deliver the chemicals over a prolonged period of time).

[0047] FIG. 4 is a systems diagram illustrating the flow of
information and power between subsystems of a neural
tissue stimulation structure without a separate coil for the
transformation data, according to the embodiment of the
invention shown in FIG. 3. Wired connections are repre-
sented by solid arrows and magnetic field linkages are
represented by dashed arrows. By means of a time-varying
magnetic field, an external RF primary coil 100 wirelessly
supplies power and a signal for information conversion
parameters for the transformation algorithm to an implanted
RF secondary coil 110. The power and transformation signal
are delivered to the stimulator chip 120. The stimulator chip
receives an image signal from the photodiode array 130 and
delivers retinal stimulation currents to the electrode array
140 as controlled by the transformation algorithm.

[0048] In the embodiment shown in FIG. 5, the elements
are the same as those described above with respect to FIG.
3, except that instead of the stimulator chip 72 receiving
transformation information from the RF secondary coil 52
through the same set of wires that carry power, the trans-
formation information reaches the stimulator chip 72
through embedded wires from a separate RF data secondary
coil 78, allowing power and transformation information to
be communicated through separate channels. In a preferred
embodiment, the data coil 78 has an outer diameter of 2 mm.
This alternate design has the advantages of removing the
somewhat complex and frequently power-inefficient cir-
cuitry needed to modulate the transmitted power and of
allowing the transformation information to be received on a
physically separate coil that is less subject to interference
arising from the large amplitude power transmission. The
disadvantage is the need for entirely separate, but much
lower power, data transmission and reception circuitry. With
or without the data coil, the transmission of both power and
transformation information is wireless in the sense that no
wires run from the implant to any external device lying
outside the eye socket.

[0049] The external RF primary coil and the implanted RF
secondary coil are designed so that a periodic (typically
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sinusoidal) current drive to the primary coil creates a time
varying magnetic field which passes through the RF sec-
ondary coil and thereby induces a voltage which is used to
provide RF power to the stimulator chip and other electronic
circuitry. To communicate or update the algorithm for trans-
forming the image input to stimulating array output, the
current drive to the primary is modulated in amplitude or
frequency to convey information.

[0050] FIG. 6 is a systems diagram illustrating the flow of
information and power between subsystems of a neural
tissue stimulation structure with a data coil according to the
embodiment of the invention shown in FIG. 5. By means of
a time-varying magnetic field, one external RF primary coil
200 wirelessly supplies power and another external primary
coil 201 supplies the signal for information conversion
parameters for the transformation algorithm The power is
delivered to the implanted RF secondary power coil 210,
while the transformation algorithmic signal is delivered to
an implanted RF data secondary coil 212. Power delivered
by the RF secondary power coil and the transformation
algorithmic signal delivered by the RF secondary data coil
are received by the stimulator chip 220. The stimulator chip
receives an image signal from the photodiode array 230 and
delivers retinal stimulation currents to the electrode array
240 as controlled by the transformation algorithm.

[0051] In a preferred embodiment of the system illustrated
in FIG. 6, power will be transmitted to the implanted RF
secondary power coil at a frequency of 125 KHz and the
transformation signal will be transmitted at a frequency of
13.56 MHz. The frequencies 13.56 MHz and 125 KHz are
among those allowed by the FCC for Industry, Scientific,
and Medical (ISM) use. ISM applications are allowed,
subject to field strength limits, in any band over 9 KHz
except those prohibited in FCC Code 47 part 18.303. The
13.56 MHz frequency is one of those allocated specifically
for ISM under part 18.301.

[0052] Power is delivered at the lower frequency of 125
KHz for a number of reasons. Current crowding and skin
depth effects in the wires of the secondary coil increase with
frequency. These effects increase the effective resistance of
the wires, and therefore power consumption and the result-
ing production of heat. Parasitic capacitances in the coil may
also yield negative effects at high frequencies, exciting
resonances which serve only to burn power in the parasitic
resistances. In addition, using a lower frequency allows the
use of synchronous rectifiers controlled by comparator cir-
cuits. At higher frequencies, these circuits would use too
much overhead power to be useful.

[0053] Improved biocompability of the prosthesis is
achieved by creating a sufficiently thin, flexible, waterproof
device. In order for an implantable portion of the prosthesis
40 illustrated in FIGS. 3 and 5 to function as required,
microfabrication techniques are essential for its construc-
tion. The methods of attaching the silicon integrated circuit
to the flexible substrate containing the interconnection wir-
ing are described below. In one embodiment, the integrated
circuit has solder bumps evaporated onto its bonding pad
surfaces using a photolithographic masking process. The
bumped die is then flipped over and soldered to the flexible
substrate by reflowing the solder, briefly heating the assem-
bly above the eutectic temperature of the solder mixture
chosen. This same procedure may also be applied to leadless
discrete components such as Schottky diodes.
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[0054] In an alternate embodiment, the integrated circuit
and/or discrete components may be attached to the flexible
substrate using a stud bumping process. This procedure
involves first compressing a gold ball onto the surface of
each of the bonding pads of the circuit and/or component
using a wire bonder. The wire is sheared off just above the
bond, leaving a gold ball behind. This ball is then coated in
conductive epoxy by dipping the bumped die into the epoxy
paste, then the coated bumps are compressed in place onto
the flexible circuit. The final step involves an oven cure of
the completed assembly to set the epoxy and cure the
optional non-conducting under-fill adhesive which may be
used to further hold components in place.

[0055] The discrete chip capacitors which are part of the
power supply circuit may be assembled to the remainder of
the circuit in one of two ways. If soldering is to be used for
the remainder of the components, conventional pre-tinned
ceramic chip capacitors (e.g., Panasonic ECJ series) may be
soldered to the flexible circuit together with the other
components. An alternate embodiment is to use conductive
epoxy to attach these components to the substrate, oven-
curing the epoxy as above.

[0056] The flexible substrate itself is made in one possible
embodiment as follows. A supporting silicon substrate has a
polyimide layer (e.g., HD Microsystems PI-2611) spun onto
its surface and cured. The copper or chrome/gold conducting
layer is then added and patterned using wet chemical etching
or a photoresist lift-off process. Next, a second polyimide
layer is spun on, and the regions where circuit components
are to be added are exposed by selective dry etching or laser
ablation of the upper polyimide layer in the desired areas.
Finally, the completed components are removed from their
supporting substrate. The stimulating electrode arrays may
be fabricated in an identical manner, only the stimulating
electrode surface material used in that case is activated
iridium oxide. In an alternate embodiment of the flexible
circuit fabrication technique, pre-fabricated polyimide
sheets may be used, as in conventional thick film circuit
manufacturing;

[0057] Since polyimide is not resistant to the incursion of
bodily fluids over long periods of time and because salty
body fluids are destruction to electronic components, an
additional layer of encapsulant material is required. Rather
than encapsulating polyimide in yet another material, in an
alternate embodiment of the flexible circuit encapsulation
technique, the spun-on polyimide films in the above may be
substituted by any of the following more impermeable films:
layers of parylene may be vapor-deposited onto the host
substrate using a room temperature CVD process; medical-
grade silicone films may be spun onto the host substrate and
oven-cured; or superhydrophobic, Teflon-like fluorocarbon
films deposited by spin coating or plasma enhanced chemi-
cal vapor deposition may also be used. By using one of these
latter or similar films, a single material can serve as both
electronic insulator for the microelectronics and hermetic
encapsulant. Use of one rather than two or more materials
that would need to be effectively bonded to one another
significantly simplifies the manufacture of such device and
improves reliability of the process.

[0058] 1t is relevant that the most promising patients for a
retinal implant are almost surely those who have had normal
vision at one time in their lives. Absent normal vision in
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childhood, the visual cortex of the brain does not to develop
normally for processing retinal input. However, the stimu-
lating array provides an extremely unnatural form of neural
stimulation to the retina, resulting in a pattern of neural
pulses traveling down the optic nerve to the brain that are
unlike those to which the brain adapted during childhood.
Furthermore, the precise relation between the impulse pat-
terns in the optic nerve and the image those patterns convey
to a healthy human is still a very active research area with
many issues not yet resolved.

[0059] An additional problem is that no practical method
is known for determining in a patient precisely what type or
health of neurons that lie under or in proximity beneath each
electrode or of determining how each specific neuron in a
patient responds to the unnatural electrical stimulation an
electrode provides. (34, 37, 38, 62, 82). Furthermore, the
combined effects of stimulation through a collection of
nearby electrodes in an array is not well understood.

[0060] In light of these problems and unknowns, it is
likely that for a substantial period of time the only practical
approach will be to perform retinal stimulation experiments
with implanted prostheses by intermittant changes in the
functioning of the algorithm (in distinction to the real-time
control of the processing of these images) to vary the
transformation from incoming image to electrical stimula-
tion in response to patients’ reported perceptions. Examples
of prior art retinal adjustment methods are disclosed in
references (30-33, 35, 36, 39, 41). The information gained is
then used to alter and improve the transformation algorithm
to improve its ability to transmit useful information. The
best transformation or algorithm is likely to vary from one
patient to another and also over time with aging or the
progression of the disease. The ability to conveniently and
safely alter from outside the body the transformation method
by which images are transformed or encoded as electrical
stimulation patterns is a significant improvement offered by
this invention over existing designs for retinal prostheses.
Communicating and altering this transformation by RF
requires extremely low bandwidth compared with transmis-
sion of visual data, since the transformation would normally
remain unaltered for long periods, from minutes to weeks or
perhaps longer, in contrast to the much higher bandwidth
required to convey a continuous moving image of the
rapidly changing visual world we observe. Eventually, per-
haps, medical standards will be developed to allow a pros-
thesis to function with pre-determined transformation
parameters. It is envisioned that testing sessions with
patients will allow communication of the quality of visual
images which will provide information used to alter stimu-
lation algorithms which are then wirelessly transmitted to
the implanted device. In this way a highly versatile stimu-
lator can be achieved without the need for replacing the
implanted hardware.

[0061] In an alternative embodiment, a neural stimulator
according to the present invention may be used to stimulate
neural tissue other than the retina. For example, a wireless,
chronically implantable neural tissue stimulator may be
implanted elsewhere along the visual pathway, including the
optic nerve, primary visual corteX, secondary visual cortices,
chiasm, the optic tract, lateral geniculate body, and optic
radiations. Other areas of the body suitable for implantation
of a neural stimulator according to the present invention
include but are not limited to the auditory pathway, the
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spinal cord, the diaphragm and nerves to the diaphragm,
nerve regulating bladder and bowel function, and peripheral
nerves. In these various embodiments, the photodiode array
is replaced with a different sort of array that delivers an input
signal to the stimulator chip to provide the necessary elec-
trical patterns to the electrode array for stimulation of the
particular neural tissue, or alternatively input information
may be wirelessly provided from a data source.
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What is claimed is:

1. A retinal prosthesis, comprising:

an RF coil attached to the outside of and moving with an
eye to receive power from an external power source;

electronic circuitry attached to and moving with the eye
and electrically connected to the RF coil;
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a light sensitive array electrically connected to the elec-
tronic circuitry and located within the eye for receiving
incident light and for generating an electrical signal in
response to the incident light; and

a stimulating array abutting a retina of the eye and
electrically connected to the electronic circuitry to
stimulate retinal tissue in response to the electrical
signal from the light sensitive array.

2. The retinal prosthesis of claim 1, further comprising:

wireless control means for specifying, from outside a
body of a patient, transformation by which electrical
signals from the light-sensitive array are transformed
into a set of electrical patterns to the stimulating array
to influence visual function.

3. The retinal prosthesis of claim 1, wherein said light-

sensitive array comprises an array of photo diodes.

4. The retinal prosthesis of claim 1, wherein said stimu-
lating array comprises an electrode array.

5. The retinal prosthesis of claim 1, wherein said power
source is a primary RF coil positioned external to a body of
a patient and adapted to deliver power to said RF coil
attached to the eye.

6. The retinal prosthesis of claim 1, wherein all electronics
positioned within the eye contact the retina within a region
defined by a surface area of the retina covered by said
stimulating array.

7. The retinal prosthesis of claim 1, wherein the stimu-
lating array, the light-sensitive array, the electronic circuitry,
and the RF coil are attached to the eye so as to conform with
the eye’s curvature and movements.

8. The retinal prosthesis of claim 1, wherein said stimu-
lating array and said light-sensitive array form an integral
component having interlaced elements.

9. A retinal prosthesis, comprising:

electronic circuitry attached to and moving with an eye;

an RF coil attached to the outside of and moving with the
eye and adapted to receive power from a power source
and deliver only power to the electronic circuitry; and

a stimulating array positioned within the eye and electri-
cally connected to the electronic circuitry for stimulat-
ing retinal tissue.

10. The retinal prosthesis of claim 9, further comprising:

a light-sensitive array electrically connected to the elec-
tronic circuitry and located within the eye for receiving
incident light and for generating an electrical signal in
response to the incident light.

11. A retinal prosthesis, comprising:

electronic circuitry attached to and moving with an eye;

an RF coil attached to the outside of and moving with the
eye and adapted to receive power from a power source
and deliver power to the electronic circuitry; and

a stimulating array positioned sub-retinally within the eye
and electrically connected to the electronic circuitry for
stimulating retinal tissue.

12. A retinal prosthesis, comprising:

electronic circuitry attached to and moving with an eye;

a radio frequency coil attached to the outside of and
moving with the eye and adapted to receive power from
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a power source and deliver power to the electronic
circuitry, and wherein the coil is positioned on a side of
the eye; and

a stimulating array abutting a retina of the eye and
electrically connected to the electronic circuitry for
stimulating retinal tissue.

13. A retinal prosthesis, comprising:

an RF coil attached to the outside of and moving with an
eye to receive power from an external power source,
and wherein the RF coil is attached to a temporal side
of the eye;

electronic circuitry attached to and moving with the eye
and electrically connected to the RF coil;

a light sensitive array electrically connected to the elec-
tronic circuitry and located within the eye for receiving
incident light and for generating an electrical signal in
response to the incident light;

a stimulating array positioned sub-retinally within the eye
and electrically connected to the electronic circuitry to
stimulate retinal tissue in response to the electrical
signal from the light sensitive array; and

wireless control means for specifying, from outside a
body of a patient, transformation by which electrical
signals from the light-sensitive array are transformed
into a set of electrical patterns to the stimulating array
to influence visual function.

14. A retinal prosthesis, comprising:

an RF coil associated with an eye to receive power from
an external power source;

electronic circuitry attached to and moving with the eye
and electrically connected to the RF coil;

a light sensitive array electrically connected to the elec-
tronic circuitry and located within the eye for receiving
incident light and for generating an electrical signal in
response to the incident light; and

a stimulating array abutting a retina of the eye and
electrically connected to the electronic circuitry to
stimulate retinal tissue in response to the electrical
signal from the light sensitive array;

wherein said stimulating array and said light-sensitive
array form an integral component having interlaced
elements.

15. A retinal prosthesis, comprising:

an RF coil associated with an eye to receive power from
an external power source;

electronic circuitry attached to and moving with the eye
and electrically connected to the RF coil;

a light sensitive array electrically connected to the elec-
tronic circuitry and located within the eye for receiving
incident light and for generating an electrical signal in
response to the incident light;

a stimulating array abutting a retina of the eye and
electrically connected to the electronic circuitry to
stimulate retinal tissue in response to the electrical
signal from the light sensitive array; and
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wireless control means for specifying, from outside a
body of a patient, transformation by which electrical
signals from the light-sensitive array are transformed
into a set of electrical patterns to the stimulating array
to influence visual function.

16. A method for implanting a portion of a retinal pros-

thesis, comprising the steps of:

detaching a peripheral retina from an underlying or a
serrata to create a large detachment region of a retina;

positioning a wide-field array abutting the retina in said
large detachment region; and

abutting in a fixed manner the wide-field array to the
retina.
17. A neural tissue stimulation structure, comprising:

a first module having a secondary RF coil and a stimu-
lation array for stimulation of neural tissue connected
to the coil;

a second module attached to the first module and having
a flexible bridge containing wire connections for trans-
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mitting electrical signals, power, and algorithmic sig-
nals; and

a third module attached to said second module and having
electronic circuitry for supplying the electrical signals
to said stimulation array and receiving said power from
the RF coil.

18. The stimulation structure of claim 17, further com-

prising:

a primary RF coil for wirelessly supplying the power and
algorithmic signals to the secondary RF coil.

19. A neural tissue stimulation structure, comprising:

a single substrate material acting as mechanical support,
an electrical insulator and as an impermeable barrier
against passage of fluid ions and molecules, wherein
said substrate is sufficiently flexible to conform to the
eye’s curvature.



