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ABSTRACT

Two approaches have been pursued to restore vision to blind
patients — electrically stimulating the visual cortex and the retina.
MEMS techniques have played a role in each of these research
efforts and will continue to play a role going forward. Progress
towards these goals will be discussed in the talk.

I. INTRODUCTION AND BACKGROUND

In 1755 LeRoy discovered that an electric charge delivered
to the blind eye produced a sensation of light [1]. Ever since,
humanity has pondered the possibility of making the blind see.
However, it was not until the age of modern electronics that
building such a device became possible.

II. STIMULATING THE VISUAL CORTEX

In the 1960's, Dr. Brindley in England elicited sensations of
light in blind subjects by electrically stimulating their visual cortex
(the back side of their brain) [2]. In the 1970's, Dr. Dobelle in the
U.S. repeated these experiments with some success [3]. However,
the resolution achieved by these early devices was very poor. At
best, these patients could read Braille by the flashing lights
(phosphenes).

By the time the visual image has reached the brain, a
significant amount of processing has already occurred - making
fine resolution difficult to achieve. Another problem with this
approach was that the surgery was very invasive and dangerous for
these volunteer patients.

Fig. 1. Visual cortex electrode array courtesy of Dick Normann at
the University of Utah.

III. STIMULATING THE RETINA

Over the past decade at Johns Hopkins and now at USC, we
discovered that there is a subpopulation of blindness (outer retinal
degenerations such as Retinitis Pigmentosa and Macular
Degeneration) in which a majority of the retina and visual system
is intact, allowing stimulation more peripherally - at the retina [4].
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By electrically stimulating the retinas of over two dozen of
these patients in the operating room, we were able to achieve
formed vision. Stimulating the retina has the potential to provide a
much higher resolution device than stimulating the visual cortex
and there are now half a dozen groups around the world pursuing
this line of research. In the Los Angeles area, we formed a
company called Second Sight, which has embarked on creating the
first artificial retina (a long-term implantable system which will
allow the blind to see) [5].

At the time of this writing, three patients have been
chronically implanted with a first generation retinal prosthesis.
This device has 16 independently controllable electrodes. The
completely blind patients are able to perceive individual spots of
light corresponding to each of the electrodes and perform simple
visual tasks despite the simplicity of the device.
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Fig. 3. Second Sight | USC Model Iretinal prosthesis

IV. MEMS APPLICATIONS IN RETINAL PROSTHESES

Second Sight Medical Products is working on future-
generation devices with higher resolution. This is where the need
for MEMS technology comes in. In order to produce higher
electrode counts, MEMS-like approaches for the fabrication of the
electrodes are necessary. As we continue down our path towards
1000 electrodes and beyond, new techniques will need to be
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developed. The following technology areas must be advanced for
truly high-resolution retinal prosthetics to be developed:

- a method of producing small high-resolution electrodes that
do not degrade when passing high current levels in saline

- high-density hermetic packaging
- fully integrated electronics including power supplies
- bidirectional high-rate data telemetry

Research towards these goals is underway at Second Sight in
conjunction with its partners [6-8]. Details of the progress
accomplished to date will be presented.

III. CONCLUSIONS

Although significant progress has already been made, the
challenges are great and more progress is needed. Feel free to
contact us if you have an interest in this area.
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