(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2020/089222 Al

07 May 2020 (07.05.2020) WIPOIPCT

(51) International Patent Classification:
AGIN 1/36 (2006.01)

(21) International Application Number:
PCT/EP2019/079522

(22) International Filing Date:
29 October 2019 (29.10.2019)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
18382763.3 30 October 2018 (30.10.2018)  EP

(71) Applicant: INSTITUT DE FiSICA D'ALTES EN-
ERGIES [ES/ES]; Edifici Cn, Campus UAB, 08193 Bel-
laterra (ES).

(72) Inventors: CHMEISSANI RAAD, Mokhtar; Edifici Cn,
Campus UAB, 08193 Bellaterra (ES). MACIAS MON-
TERO, Jose Gabriel; Edifici Cn, Campus UAB, 08193
Bellaterra (ES). VERDAGUER MALLORQUI, Marti;
Edifici Cn, Campus UAB, 08193 Bellaterra (ES).

(74) Agent: DE ROOI1J, Mathieu; Avenida Diagonal 420, 1-1,
08037 Barcelona (ES).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

84

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

Pub

as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

lished:
with international search report (Art. 21(3))

(54) Title: ARTIFICIAL VISION SYSTEM

12

110
- Retinal Implant
Image Processing/ PhotovoltaicH ~ A4V
Transmission Cell Array [] gndh
Image ]
L 00 Processing
::I I TT
mad Dl%lcb DC +AC 120 Stimulation
10 MOC&JL&tOf SECCCECARECS Mum_
Infrared 1
LED Driver N
§

)

18

100

20 140

w0 2020/089222 A1 | NI 0000 KOO0 0 0 0

Fig. 2A

(57) Abstract: An artificial vision system including a visual prosthesis comprising an integrated circuit comprising a plurality of pixels,
an array of electrodes connected to the pixels and configured to excite neurons in a retina, and one or more PV cells. The implant
furthermore comprises a photodetector. The integrated circuit is configured to process signals from the photodetector to selectively
activate the pixels.
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ARTIFICIAL VISION SYSTEM

The present application claims the benefit of European patent application EP
EP18382763.3 filed on October 30", 2018.

The present disclosure relates to visual prostheses, and particularly retinal implants.
The present disclosure further relates to artificial vision systems comprising retinal
implants. And also relates to methods for implanting the retinal implant and to methods
for providing artificial vision.

BACKGROUND
Retinitis pigmentosa (RP) is a genetic disorder of the eyes that causes loss of vision.
Symptoms include trouble seeing at night and decreased peripheral vision (side vision).

The underlying mechanism involves the progressive loss of photoreceptor cells in the
back of the eye. In severe cases, a person goes blind because the photoreceptor cells
are no longer sensitive to light. However, in most cases the neurons (Retina Ganglion
Cell) of the retina are still functional.

Such neurons can be stimulated with an electrical signal, and if such neurons are
stimulated, the optical nerve transfers such stimulation to the visual cortex.

It is known in the art to use a retinal implant intended to provide electrical stimulation
of the retina to induce visual perception in blind individuals and it is indicated for use in
patients with severe to profound retinitis pigmentosa. A miniature video camera housed
in the patient's glasses captures a scene. The video is sent to a small patient-worn
video processing unit where it is processed and transformed into instructions that are
sent back to the glasses via a cable. These instructions are transmitted wirelessly to
an antenna in the retinal implant. The signals are then sent to the electrode array, which
emits small pulses of electricity. These pulses stimulate the retina's remaining cells,
which transmit the visual information along the optic nerve to the brain, creating the
perception of patterns of light. Patients learn to interpret these visual patterns with their
retinal implant.

The electrical signals are generated outside the sclera and sent via a cable to inside
the eye. Each electrode generates an electric signal independently to excite the
neurons underneath the retina’s surface.
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In one known implant, the electrode array comprises 60 electrodes. Even though
patients may recognize very basic shapes thanks to the 60 electrodes, it is clear that a
patient may benefit from an increase in electrodes, and from an increased density of
electrodes (i.e. electrodes per square area). More neurons or areas might be excited
and thus more detailed information on shapes might be transmitted to the optical nerve,
potentially leading to improved vision.

However, an increase in the number of electrodes means an increase in power
consumption and also in the size of data transfer to configure the matrix of electrodes
for each frame image. It is evident that to increase the number of electrodes and still
provide them with sufficient power is not a trivial matter.

Moreover, a significant increase of electrodes with good signal quality is also hard to
realize due to the increase in electrical wires necessary.

The present disclosure provides examples of systems and methods that at least
partially resolve some of the aforementioned disadvantages.

SUMMARY

In a first aspect, a visual prosthesis is provided. The visual prosthesis comprises an
integrated circuit comprising a plurality of pixels, and an array of electrodes attached
to the pixels and configured to excite neurons in a retina. The prosthesis furthermore
comprises one or more photovoltaic cells, and a photodetector, and the integrated
circuit is configured to process signals form the photodetector to selectively activate
the pixels.

According to this aspect, the retinal implant can be provided with many more individual
electrodes or pixels which can increase the quality of vision for patients, as more
detailed shapes may be excited. The photovoltaic (PV) cells can be powered by
incoming lights. Incoming light flashes or pulses may be registered by the
photodetector and the integrated circuit can analyse the received pulses and transform
into a selective activation of the pixels. Incoming light can thus both be used to power
the implant and to transmit information that might be obtained from a camera.

Moreover, signal quality can be maintained even if the number of pixels increases as
the electrodes may be directly attached to the pixels of the integrated circuit. Cross-



WO 2020/089222 PCT/EP2019/079522

10

15

20

25

30

35

talk between wires can be effectively avoided.

In the present disclosure, a visual prosthesis may be regarded as any visual device
intended to (partly) restore functional vision in those suffering from partial or total
blindness.

In particular, the visual prosthesis may be a retinal implant. In the present disclosure,
the term retinal implant is meant to cover epiretinal implants (i.e. implants which in use
are positioned on the retina), subretinal implants (which are to be implanted behind the
retina), and suprachoroidal implants (which are to be implanted between the choroid
and the sclera).

In some examples, the visual prosthesis (retinal implant) may comprise a capacitor,
and optionally the capacitor is a graphene layer. The capacitor allows the storage of
electrical energy derived from the PV cells.

In some examples, the integrated circuit may be an ASIC, i.e. a chip specifically
developed for the specific use as herein described.

In some examples, the photodetector may be a PIN diode.

In some examples, the visual prosthesis may be configured to assume an unfolded
state and a folded state. The provision of PV cells in the visual prosthesis means that
the size of the implant is increased. This could lead to a more problematic process of
implanting it. This can be at least partially resolved when the visual prosthesis can be
implanted in a folded state, and once in an appropriate position within the eye, the
implant can unfold.

One way of implementing the ability to fold or to deploy is by using shape memory
material. Shape memory material may be activated in a variety of ways, e.g. if the
material is exposed to a change in temperature.

In a further aspect, an artificial vision system is provided. The artificial vision system
comprises a visual prosthesis, and particularly a retinal implant according to any of the
examples herein described, and further comprises a camera, an image processor for
analysing a video signal from the camera to generate a data pattern, and a light source
for emitting light according to the generated data pattern.
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In this aspect, a functional kit is provided for operating the visual prosthesis.

In some examples, the light source may comprise a LED. Specifically, the LED may be
configured to emit light with a wavelength in a range of 700 nm or more, particularly
750 nm or more, more particularly 800 nm or more. At these wavelengths, the light can
be transmitted through the patient’s eye (including lens, cornea and vitreous humor)
without significant losses. A retinal implant may thus be used. In particular, the implant
may be an epi-retinal implant, i.e. positioned within the retina. Moreover, the PV cells,
if selected properly may function at high efficiency at these wavelengths.

In other examples, the implant may be a subretinal implant (i.e. behind the retina), or
a suprachordial implant (between the choroid and sclera).

In some examples, the camera, the image processor and the light source are mounted
on a support, and in particular on glasses. A patient may wear the glasses and the
camera is therewith positioned close to the eyes and the images recorded by the
camera are recorded from an angle of vision of the natural eyes.

In yet a further aspect, a method for implanting a retinal implant is provided. The
method comprises: providing a retinal implant according to any of the examples herein
disclosed, and making an incision in a sclera. After making the incision in the sclera,
the retinal implant may be inserted through the incision, when the retinal implant is in
a folded state. After insertion, the retinal implant may be unfolded.

In some examples, the retinal implant may be provided in a sheath, and unfolding the
retinal implant comprises removing the sheath.

In yet a further aspect, a method for providing artificial vision for a patient is provided.
The method comprises recording an image, processing the recorded image to generate
a pixelated image, and producing light pulses transmitting the generated pixelated
image to a visual prosthesis. The visual prosthesis may be a retinal implant, and more
specifically an epiretinal implant.

In accordance with this aspect data transmission using light is used for communication
between a visual prosthesis and an image recording system (e.g. a camera or video
camera). The light used for data transmission may be in the visual light spectrum, but
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preferably will be in the infrared range.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting examples of the present disclosure will be described in the following, with
reference to the appended drawings, in which:

Figure 1 schematically illustrates a prior art retinal implant;

Figures 2A — 2D schematically illustrate a first example of a retina implant and an
artificial vision system including such a retinal implant;

Figures 3A and 3B schematically illustrates an example of a retinal implant;

Figures 4A — 4G schematically illustrates a method of implanting according to an
example; and

Figure 5 schematically illustrates a further example of a retina implant and an artificial
vision system including such a retinal implant.

DETAILED DESCRIPTION OF EXAMPLES

In these figures the same reference signs have been used to designate the same
elements.

Figure 1 schematically illustrates a prior art retinal implant. The implant comprises an
antenna A which receives signals from a further antenna which may be integrated in
glasses worn by a user. The signals sent to antenna A may be the result of image
processing of a video integrated in the glasses.

Reference sign B refers to an electronic unit outside the eye. Individual electrical cables
C lead from the electronics unit to electrode array D.

Figures 2A — 2D schematically illustrate a first example of a retina implant and an
artificial vision system including such a retinal implant. The artificial vision system
according to this example comprises an implant 100. The implant 100 may be an epi-
retinal implant.
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The system according to this example furthermore comprises a camera 10. The
camera 10 may be a digital camera, and specifically a digital camera integrated in
glasses that may be worn by a user.

Recordings from camera 10 may be sent in real-time to an image processor 12 for
analysing a video signal from the camera to generate a data pattern. The data pattern
may be generated by infrared LED driver 18. The LED driver 18 in the example drives
the flashing of LED 20. The flashing of LED may have a frequency of e.g. 1 MHz — 1
GHz, specifically 10 — 500 MHz. Both the LED driver 18 and LED 20 may be integrated
in the same glasses worn by the user.

The light flashes from LED 20 may be received by a photoreceptor 120 of implant 100.
The photoreceptor 120 may be a PIN diode in some examples. Implant 100 includes
an integrated circuit, i.e. a chip. Signals received by the photoreceptor 120 may be
transformed into excitation signals for the electrodes 140.

In particular, the photoreceptor and circuit may be programmed such that an incoming
light flash causes an electric pulse and the electrical pulse is compared to a threshold.
If the pulse is above the predetermined thresholds, a “1” is generated. If the pulse is
below the threshold (e.g. absent), then a “0” is generated. By sending light pulses at
very high frequencies, information is transmitted about the excitation of individual
electrodes in electrode array 140. l.e. based on the “1”s and “0”s received, it may be
determined which of the electrodes have to be excited.

The implant 100 may be powered by a photovoltaic cell array 110 connected to a
suitable converter.

Light is thus used herein both for transmission of information and for transmission of
power. There is thus no need for a sizable battery in the implant.

Figure 2B schematically illustrates a high level communication between the glasses 14
(or other support) including the camera, image processor and LED and implant 100.
The glasses 14 in this example comprise a first radiofrequency transceiver (rf
transmitter/receiver) and the implant 100 comprises a second rf transceiver.

As illustrated in figure 2B, basic functionalities may be communicated through the rf
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transmitter, including synchronization of the glasses 14 (and thus the video signal and
image processing) with the implant (and thus the excitation of individual electrodes),
so that the excitation of electrodes is in accordance with the camera recordings. Other
basic communications may include e.g. a faull communication, and an
acknowledgement of receipt.

Figure 2C schematically illustrates that in this example, the PV array includes 9 PV
cells 102A — 102I. In an illustrative example, the PV cells may be PERT cells which
have a high efficiency. Each of the PV cells may have an area of 15 — 40 mm?2,
particularly approximately 25 mm?2. In the depicted example, 9 PV cells of each 5 by 5
mm may be used. The chip with the attached electrodes may also have a size of
approximately 5 by 5 mm in this example. The number of pixels and electrodes may
be e.g. 15 by 22, 20 by 30, or 25 by 33 or more. As compared to the prior art illustrated
in figure 1, the number of electrodes may thus be multiplied by 10 or more. Note that
in these examples an approximate ratio of height to width of 2:3 is maintained.
Variations with respect to this ratio are possible.

In an example, PERT PV cells may be used with a thickness of approximately 100
microns, e.g. in the range of 50 — 300 microns.

It should be clear that the number of PV cells, the type and the area occupied by the
cells may be adjusted in accordance with energy needs. Also another shape may be
selected for the PV array.

If the frequency of flashing of the LED is high enough, for example in the
aforementioned frequency ranges, the light will be seen as substantially continuous by
the PV cells, so that the performance is not negatively affected.

In the central PV cell 102 E, photoreceptor 120 may be integrated.

In an example, the LED 20 may be configured to emit light with a wavelength in arange
of 700 nm or more, particularly 750 nm or more, more particularly 800 nm or more. At
these wavelengths, the PV cells have a high efficiency, and moreover, the transmission
through the human eye (including cornea, lens, vitreous humor) is high as well, for
example 85% or more or 90% or more.

In the example of figure 2D, the retinal implant 100 is configured to assume an unfolded



WO 2020/089222 PCT/EP2019/079522

10

15

20

25

30

35

state and a folded state. The implant 100 includes a first frame of shape memory
material 114 which when activated forces the implant to the folded shape, and a second
frame 116 of shape memory material which when activated forces the implant to the
unfolded shape.

In this example, the shape memory material may be thermally activated and particularly
may include shape memory metal. The areas around the junctions between the
columns of the PV cells may have a memory shape so that the junction is straight or
folded. By sending an electrical current through the metal frame 114 or 116, one of the
frames may be heated so that the frame has a tendency to assume its memory shape.
If the frame 114 is activated, the junctions between the three columns will fold, such
that the implant as a whole assumes the folded shape. If the frame 116 is activated,
the junctions between the columns of cells will straighten out, such that the implant will
assume an unfolded state.

In examples, the temperature of transition from one shape to another shape may be
well above 37°C, i.e. normal body temperature. If the temperature is chosen close to
the average body temperature, a variation of temperature due to e.g. a fever may
provoke a change of shape of the implant.

It should be clear that in another example, the tendencies of the shape memory frames
may be exchanged. It should also be clear that other shape memory materials and
activation methods may be used.

Figure 2D shows the same PV cell array viewed from the opposite side. The bottom
sides of the PV cells may be seen. At the bottom of the PV cells, a reflective layer may
be provided, e.g. an aluminized mylar™ layer, to reflect back any possible incident
photon that has passed through the PV cells.

Underneath the central PV cell, the chip with electrode array 140 may be arranged.

Figures 3A and 3B schematically illustrates an example of a retinal implant. In figure 3,
three PV cells are shown, whereas in figure 2 nine PV cells were shown. The illustration
in figure 3 may be understood as a separate example of the retinal implant, but it should
be clear that the build-up shown in figure 3 may also be regarded as illustrating only a
portion of the implant shown in figure 2, i.e. the illustration in figure 3 should not be
understood as limiting in size, number of PV cells etc.
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The retinal implant comprises a base 152 and the PV cells may be mounted on base
152. The base 152 may be e.g. a polyamide.

The retinal implant further comprises a capacitor 145 to store energy generated by the
PV cells. The capacitor 145 may be a graphene layer, and in particular an array of
graphene areas 145 connected to each of the individual PV cells. If the same
configuration is assumed as in figure 2, there may be nine areas of approximately 5
mm by 5 mm of graphene. The thickness of the graphene layer may be e.g. between
50 and 500 microns. Assuming a thickness of approximately 100 microns, and
assuming an estimated capacitance of at least 200 F/g, one may expect to store 18
Joules. If the capacitance of graphene is improved, or the area or thickness of
graphene are increased, more energy may evidently be stored.

However, on top of one of the PV cells, an ASIC 135 may be provided. In the
configuration of figure 2, the ASIC may be provided on the central PV cell. An array of
electrodes 140 may be attached to ASIC 135, in particular the electrodes may be
mounted directly, i.e. deposited on the ASIC 135.

In the ASIC, a plurality of pixels may be defined which can be individually excited in
accordance with the instructions received from the LED.

In the example of figure 3A, the implant also comprises a top layer 151, and the top
layer 151 may be made from polyamide. The top and bottom layers may serve the
purpose of reducing the exposure of components of the implant to the surroundings.

In order to allow the electrode to stimulate cells in the eye, the top layer 151 may
comprise a plurality of holes corresponding to the electrodes.

Reference signs 114A and 116A illustrate stretches of shape memory material, which
may in particular be located between PV cells, and particularly between rows of PV
cells, such that the columns may be folded as illustrated in the example of figure 2. The
shape memory material may be metallic, and in the illustrated example, the shape
memory material may be e.g. Nitinol.

Figure 3B illustrates the same implant (or part of implant) as shown in figure 3A. For
the purposes of enhancing the understanding, the top layer 150 has been removed in



WO 2020/089222 PCT/EP2019/079522

10

15

20

25

30

35

10

this figure. The ASIC 135 with electrodes 140 may easily be recognized, as well as
graphene areas 145 placed on PV cells 102.

With the build-up of figures 2 and 3 for a foldable implant, the maximum thickness for
the implant when folded is preferably below 1 mm. In an example, the thickness of the
PV cells is chosen at 100 microns, and the same thickness is chosen for the graphene
layer.

Figures 4A — 4G schematically illustrates a method of implanting according to an
example. The implant illustrated in figure 4 substantially corresponds to the implant
illustrated particularly in figure 2, but the same method or similar methods may be used
in different implants as well.

In figure 4A, an incision 70 may be made in a patient’'s eye. The implant 100 in this
example is provided in a sheath 80. The implant, as will become clear from the following
figures, is in a folded state. A small incision is therefore sufficient for the introduction of
the implant 100.

Figures 4B and 4C schematically illustrate how implant 100 arranged within sheath 80
is inserted into the eye. In figure 4D, it is shown how sheath 80 may be removed, while
the implant is still in the folded state 100A. In figure 4E, an electrical current may be
sent through the nitinol wires illustrated in the previous figures. By sending electrical
current through the nitinol wires, these wires may heat up and thus assume their
remembered shape. As was explained with reference to figure 2, the remembered
shape of a frame may be the unfolded or stretched out shape of the wires.

As a result, in figure 4F, implant starts to unfold, to assume in figure 4G the unfolded
state 100B. If and when necessary, the implant may be removed by sending electrical
current through the other shape memory frame so increase the heat and stimulate that
frame to assume its folded shape. Once the implant has assumed its folded state 100A,
the implant may be removed. In figure 4G, ASIC 135 (located below the PV cell) is
indicated for better reference.

In an alternative implant, and an alternative method for inserting the implant, the
implant may be designed to assume its unfolded state without any external stimulation.
l.e. merely by removing the sheath 80, the implant will assume the unfolded shape.
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It will be clear that the implant, including PV cells, photoreceptor, integrated circuit with
pixels attached to electrodes is entirely placed within the eye. The previously illustrated
wires for the prior art leading from outside the eye to inside the eye are thus avoided,
while energy supply can be ensured.

Figure 5 schematically illustrates a further example of a retina implant 100 and an
artificial vision system including such a retinal implant. The artificial vision system in
this example includes a camera 10, an image processor 12 for analysing a video signal
from the camera to generate a data pattern, and a light source 20 for emitting light
according to the generated data pattern. The camera 10 and image processor may be
arranged on an external unit or support 14, e.g. glasses worn by a patient.

The functioning of the implant 100 and artificial vision system is largely comparable to
the functioning of the example in figure 2. The data pattern derived from the video
signal after image processing is transmitted to the implant 100. The LED driver 18 in
the example drives the flashing of LED 20. Data transmission in this example occurs
through light. Photodetector diode 120 receives the light and the data pattern is
analysed to stimulate the pixels as in the example of figure 2.

The light flashes from LED 20 may be received by a photoreceptor 120 of implant 100.
The photoreceptor 120 may be a PIN diode in some examples. Implant 100 includes
an integrated circuit, i.e. a chip. Signals received by the photoreceptor 120 may be
transformed into excitation signals for the electrodes 140.

Simultaneously, the light is received by PV cells array 110 to provide power for the
functioning of the implant 100.

However, in this specific example, a further functionality is included. If and when a pixel
is stimulated, the neurons situated behind and in the immediate vicinity are stimulated.
There are however different types of neurons, and upon implanting the retinal implant,
the precise disposition of pixels with respect to neurons is not known.

When a pixel is stimulated, not only neurons underlying the specific pixel receive an
electric charge, but also neurons underlying neighbouring pixels notice the excitation.
By measuring the response at electrodes for pixels neighbouring the pixel that is
actually stimulated, neural activity may be derived (block 35) including information on
the quantity and types of neurons underlying various pixels.
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It may be derived for example, that there is no neural activity under some of the pixels.
Exciting these pixels is thus not useful in this case. It may be better to activate a
neighbouring pixel instead to approximate the image recorded by the camera. It may
also be derived that e.g. neurons underlying some of the pixels are more active than
neurons underlying other pixels. If such information can be taken into account in the
excitation of the pixels, the visualization of the image recorded by camera 10 may be
improved for patients. In some examples, information regarding neural activity may be
correlated with specific pixels. In some examples, the information regarding neural
activity in relation with pixels may be transmitted to the image processor 12.

In this particular example, the data may be transmitted through light as well. The retinal
implant in this example includes a light source 30, e.g. a LED. The light signal emitted
from LED 30 may be modulated to transmit data. The light may be received at
photodetector 32. The signals received by photodetectors 32 may be analysed (block
45) and the information regarding neural activity in relation with individual
pixels/electrodes may be stored and/or fed back (block 55) to the image processor 12.
In subsequent image processing to determine appropriate stimulation of
pixels/electrodes, the knowledge on neural activity derived from previous stimulations
may be used to improve the visual perception of the patient.

The information feedback regarding neural activity (block 35) and transmission through
LED 30 may be carried out at a lower frequency than the transmission of light from
LED 20. In some examples, information may be gathered during some time before
transmitting the information.

In the example of figure 5, (as in the example of figure 2) a high level communication
between the glasses (or other support) including the camera, image processor and
LED and implant 100. The support 14 in this example comprise a first radiofrequency
transceiver (rf transmitter/receiver) and the implant 100 comprises a second rf
transceiver.

Basic functionalities may be communicated through the rf transmitter, including
synchronization of the glasses (and thus the video signal and image processing) with
the implant (and thus the excitation of individual electrodes), so that the excitation of
electrodes is in accordance with the camera recordings. Other basic communications
may include e.g. a fault communication, and an acknowledgement of receipt. In this
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particular example, the synchronization also serves to correlate the electrode response
that is measured with specific excitations of pixels.

The second rf transmitter may also communicate the electrode impedance of the pixel
array and individual pixels. Excitation may be adapted as a function of the measured
or determined impedance.

In a further example, the transmission of information regarding neural activity might
occur through the second rf transceiver to first rf transceiver on support 60.

For reasons of completeness, various aspects of the present disclosure are set out in
the following numbered clauses:

Clause 1. A visual prosthesis comprising

an integrated circuit comprising a plurality of pixels,

an array of electrodes connected to the pixels and configured to excite neurons
in a retina,

one or more PV cells, and

a photodetector, wherein

the integrated circuit is configured to process signals form the photodetector to
selectively activate the pixels.

Clause 2. A visual prosthesis according to Clause 1, wherein each of the
electrodes is mounted on one of the pixels.

Clause 3. A visual prosthesis according to Clause 1 or 2, further comprising a
capacitor.
Clause 4. A visual prosthesis according to Clause 3, wherein the capacitor is a

graphene layer.

Clause 5. A visual prosthesis according to any of Clauses 1- 4, further comprising
a base layer, the PV cells being mounted on the base layer.

Clause 6. A retinal implant according to Clause 5, wherein the base layer is made
from polyamide.
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Clause 7. A visual prosthesis according to Clause 5 or 6, further comprising a top
layer, and wherein the top layer is optionally made from polyamide.

Clause 8. A visual prosthesis according to Clause 7, wherein the top layer
comprises a plurality of holes corresponding to the electrodes.

Clause 9. A visual prosthesis according to any of Clauses 1 - 8, wherein the
integrated circuit is an ASIC.

Clause 10. A visual prosthesis according to any of Clauses 1 - 9, wherein the
photodetector is a PIN diode.

Clause 11.  Avisual prosthesis according to any of Clauses 1 — 10, comprising three
columns of PV cells.

Clause 12. A visual prosthesis according to Clause 11, wherein each of the
columns comprises three PV cells.

Clause 13. A visual prosthesis according to any of Clauses 1 — 12, wherein the
retinal implant is configured to assume an unfolded state and a folded state.

Clause 14. A visual prosthesis according to Clause 13, comprising shape memory
material.

Clause 15. A visual prosthesis according to Clause 14, comprising a first frame of
shape memory material which when activated forces the implant to the folded shape,
and a second frame of shape memory material which when activated forces the implant
to the unfolded shape.

Clause 16. A visual prosthesis according to Clause 14 or 15, wherein the shape
memory material is thermally activated.

Clause 17. A visual prosthesis according to any of Clauses 1 — 16, wherein the PV
cells are PERT cells.

Clause 18. A visual prosthesis according to any of clauses 1 — 17, further
comprising a system for analysing neural activity in response to activation of the pixels.
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Clause 19. A visual prosthesis according to clause 18, wherein the system for
analysing neural activity is configured to determine electrical excitation at pixels
neighbouring an activated pixel.

Clause 20. A visual prosthesis according to clause 18 or 19, further comprising a
system for transmitting neural activity.

Clause 21. A visual prosthesis according to clause 20, wherein the system for
transmitting neural activity includes a light source for emitting information relating to
the neural activity.

Clause 22. A visual prosthesis according to clause 21, wherein the light source is a
LED.

Clause 23. A visual prosthesis according to clause 21 or 22, wherein light
transmission of the light source is modulated to transmit information.

Clause 24. A visual prosthesis according to any of clauses 1 — 23, further
comprising a system for monitoring impedance of the array of electrodes.

Clause 25.  An artificial vision system comprising:

the visual prosthesis according to any of Clauses 1 — 24,

a camera,

an image processor for analysing a video signal from the camera to generate a
data pattern, and

a light source for emitting light according to the generated data pattern.

Clause 26.  An artificial vision system according to Clause 25 wherein the light
source comprises a LED.

Clause 27.  An artificial vision system wherein the LED is configured to emit light
with a wavelength in a range of 700 nm or more, particularly 750 nm or more, more
particularly 800 nm or more.

Clause 28.  An artificial vision system according to any of Clauses —25 - 27, wherein
the camera, the image processor and the light source are mounted on a support, in
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particular on glasses.

Clause 29.  An artificial vision system according to Clause 28, wherein the glasses
comprise a first rf transceiver, and the visual prosthesis comprises a second rf
transceiver.

Clause 30.  An artificial vision system according to Clause 29, wherein the first rf
transceiver and the second rf transceiver are configured to communicate to
synchronize a clock of the glasses with a clock of in the integrated circuit.

Clause 31.  An artificial vision system according to any of clauses 28 — 30, wherein
the support further comprises a photodetector for receiving light emitted from the visual
prosthesis.

Clause 32. A method for implanting a retinal implant comprising:
providing a visual prosthesis according to any of Clauses 13 — 16;
making an incision in a sclera;
inserting the visual prosthesis through the incision, wherein the retinal implant
is in a folded state, and
unfolding the visual prosthesis.

Clause 33.  The method according to Clause 32, wherein the visual prosthesis is
provided in a sheath, and unfolding the visual prosthesis comprises removing the
sheath.

Clause 34. A method for providing artificial vision for a patient comprising:
recording an image,
processing the recorded image to generate a pixelated image,
producing light pulses transmitting the generated pixelated image to a visual
prosthesis, specifically a retinal implant, and more specifically an epiretinal implant.

Clause 35. A method according to Clause 34, wherein images are recorded
continuously, and the recorded images are processes in real-time to generate
consecutive pixelated images, and light pulses are produced continuously to transmit
the consecutive pixelated images to the retinal implant.

Clause 36. A method according to Clause 34 or 35, wherein light pulses are
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produced at a frequency between 1 MHz and 1 GHz.

Clause 37. A method according to any of Clauses 34 - 36, further comprising:
a photoreceptor receiving the light pulses and analysing the received light
flashes to selectively excites electrodes in an array of electrodes.

Clause 38. A method according to any of Clauses 34 - 37, further comprising:
one or more photovoltaic cells receiving the light pulses to generate electricity,
and using the generated electricity for supplying the retinal implant.

Clause 39. A method according to any of clauses 34 — 38, further comprising
deriving information relating to neural activity in correlation with the pixels.

Clause 40. A method according to clause 39, wherein the deriving information
relating to neural activity comprises measuring an electric response at pixels in a
vicinity of a pixel being activated, and specifically at pixels neighbouring the pixel being
activated.

Clause 41. A method according to clause 40, further comprising transmitting the
information relating to neural activity, optionally transmitting the information relating to
neural activity to a support carrying a camera for the recording of the image.

Clause 42. A method according to clause 41, wherein the support is a pair of
glasses.

Clause 43. A method according to clause 40 or 41, wherein the transmitting the
information relating to neural activity comprises producing light pulses transmitting the
information to a photoreceptor,

Although only a number of examples have been disclosed herein, other alternatives,
modifications, uses and/or equivalents thereof are possible. Furthermore, all possible
combinations of the described examples are also covered. Thus, the scope of the
present disclosure should not be limited by particular examples, but should be
determined only by a fair reading of the claims that follow.
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CLAIMS

1. An artificial vision system comprising:

a camera,

an image processor for analysing a video signal from the camera to generate a
data pattern,

a light source for emitting light according to the generated data pattern, and

a visual prosthesis, wherein the visual prosthesis comprises

an integrated circuit comprising a plurality of pixels,

an array of electrodes connected to the pixels and configured to excite neurons
in a retina,

one or more PV cells, and

a photodetector for receiving the light emitted by the light source, wherein

the integrated circuit is configured to process signals form the photodetector to
selectively activate the pixels.

2. An artificial vision system according to claim 1, wherein each of the electrodes
is mounted on one of the pixels.

3. An artificial vision system according to claim 1 or 2, the visual prosthesis further
comprising a capacitor, wherein the capacitor is a graphene layer.

4, An artificial vision system according to any of claims 1 - 3, the visual prosthesis
further comprising a base layer, the PV cells being mounted on the base layer, and the
base layer optionally being made from polyamide.

5. An artificial vision system according to claim 4, the visual prosthesis further
comprising a top layer, wherein the top layer comprises a plurality of holes

corresponding to the electrodes.

6. An artificial vision system according to any of claims 1 - 5, wherein the
photodetector is a PIN diode.

7. An artificial vision system according to any of claims 1 — 6, wherein the visual
prosthesis is configured to assume an unfolded state and a folded state.

8. An artificial vision system according to claim 7, comprising a first frame of shape
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memory material which when activated forces the implant to the folded shape, and a
second frame of shape memory material which when activated forces the implant to
the unfolded shape.

9. An artificial vision system according to any of clauses 1 - 8, wherein the light
source comprises a LED.

10. An artificial vision system according to claim 9, wherein the LED is configured
to emit light with a wavelength in a range of 700 nm or more, particularly 750 nm or
more, more particularly 800 nm or more.

11. An artificial vision system according to any of claims 9 — 10, wherein the LED
is configured to emit light pulses at a frequency between 1 MHz and 1 GHz.

12. An artificial vision system according to any of claims 1 - 11, wherein the camera,
the image processor and the light source are mounted on a support, in particular on
glasses.

13. An artificial vision system according to claim 12, wherein the glasses comprise
a first rf transceiver, and the visual prosthesis comprises a second rf transceiver.

14. An artificial vision system according to claim 13, wherein the first rf transceiver
and the second rf transceiver are configured to communicate to synchronize a clock of
the glasses with a clock of in the integrated circuit.

15. An artificial vision system according to any of claims 1 - 14, wherein the visual
prosthesis further comprises a system for analysing neural activity in response to
activation of the pixels.
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