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BACKGROUND

A variety of retina diseases cause vision loss or blindness by
destruction of the vascular layers of the eye that include the choroid and
choriocapillaris, and the outer retinal layers that include Bruch's membrane
and retinal pigment epithelium. Loss of these layers is often accompanied by
degeneration of the outer portion of the neuroretina, typically the photo-
receptor layer. Variable sparing may occur of the remaining neuroretina
composed of the outer nuclear, outer plexiform, inner nuclear,'inner plexiform,
ganglion cell and nerve fiber layers.

Known prior efforts to produce vision by retinal electrical stimulation
used arrays of stimulating electrodes with their ground return electrode or
electrodes disposed either entirely on the epiretinal or the subretinal side of
the neuroretina. Placement of stimufating and ground return electrodes
together in this fashion resulted in inefficient stimulation of the neuroretina
because the electrical field was not forced directly through the neuroretina.
Resolution was also degraded because of diffuse spreading of each

stimulating electrode’s electrical field.
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SUMVARY OF THE PREFERRED EMBODI MENTS I n accordance with one aspect of the
present invention there is provided an artificial retina device to
electrically stinmulate a neuroretina of an eye to produce artificial
vision, the artificial retina device gonprising an electrical source; at
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artificial retina device to electrically stimulate a neuroretina of an eye, the artificial retina
device comprising an electrical source; a stimulating electrode connected with the electrical
source; and a ground return electrode connected with the electrical source, wherein the
stimulating electrode and ground return electrode are configured to be disposed on
opposite sides of the neuroretina.

In accordance with another aspect of the present invention there is provided an
artificial retina device to electrically stimulate a neuroretina of an eye, the
artificial retina device comprising an electrical source; at least one stimulating electrode
connected with the electrical source; and at least one ground return electrode connected
with the electrical source, wherein the at least one stimulating electrode and ground return
electrode are configured to be disposed in contact with the eye on opposite sides of the
neuroretina, wherein at least one of the at least one stimulating electrode and the at least
one ground return electrode is adapted to be disposed on a sclera surface on an outside of
the eye.

In accordance with another aspect of the present invention there is provided an
artificial retina device to electrically stimulate a neuroretina of an eye, the artificial retina

device comprising: an electrical source; a stimulating electrode connected with the electrical
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node of a disk-shaped silicon web, the subunits separated by open areas of the web. The
open areas of the web allow nourishment and oxygen from the outer retinal circulation to
diffuse into the neuroretina.

In the preferred embodiment, on the backside of the stimulating electrode unit, i. e.
the side opposite the incident light side, an insulated common conductor is constructed and
arranged to electrically ground the microelectrode subunits. The commeon ground conductor
preferably continues along the length of the ground return electrode unit and terminates in
an exposed ground return electrode at or near the tip of the ground return electrode unit,
and disposed in the vitreous cavity. The exposed ground return electrode tip in the vitreous
cavity allows the electrical field generated by the microelectrode subunits in the subretinal
space to transretinally stimulate the neuroretina.

In a second embodiment, an additional tail with an embedded conductor and an
electrode tip is connecied to the ground elertrnde tip of the ground electrode unit to extend
the location of the ground electrode further 3a » vitreous cavity.

in a third embodiment, the conductor of the ground electrode unit is electrically

connected with an additional bias photodiode or photodiodes to increase the voltage and
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FIG. 2A is a plan view of the tail extension of the preferred embodiments, that
physically and electrically couples to the ground return electrode unit of FIGS.1A and 1 B to
extend the location of the ground return electrode further into the vitreous cavity of the eye.

FIG. 2B is a cross-sectional view of the tail extension of the preferred embodiments.

FIG. 3 is a perspective view showing the 1ail extension of FIGS. 2A and 2B attached
to the ground return electrode unit of FIGS. 1A and1B.

FIG. 4 is a perspective view of another embodiment, showing the stimulating
electrode unit fabricated as a circular silicon web to allow nourishment to flow between the
choroid and the neuroretina, and the stimulating electrode subunits fabricated at the

intersecting nodes of the web.
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unit disposed in the_vitreous cavity. FIG S is a cross-sectional view of
anot her pr ef er r ed e daia@pes-sectional view of another embodiment, showing the

device of FIGS. 1A and 1B with an electrode stimulating unit implanted in the

subretinal space and a ground return electrode loop of the ground retum

electrode unit disposed in the vitreous cavity.

FIG. 8 is a cross-sectional view of another preferred embodiment,
showing the device of FIGS. 1A and 1B with a stimulating electrode unit
implanted in the subretinal space and a tail extension electrically connecting
to a bias photodiode disposed in the lens capsule of the eye, the bias
photodiode containing the extended location of the ground return electrode,
and the bias photodiode providing additional voltage and/or current to the
electrode stimulating unit in the subretinal space.

FIG. 9 is a cross-sectional view of another embodiment, showing the
device of FIGS. 1A and 1B with its stimulating electrode unit implanted in the
subretinal space and 'a tail extension electrically connecting to a bias
photodiode disposed in front of the iris, in the anterior chamber of the eye, the
bias photodiode containing the extended location of the grdund return
electrode, and the bias photodiode providing additional voltage and/or current

to the electrode stimulating unit in the subretinal space.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, as shown in FIGS. 1A and 1B, the preferred
embodiment of retinal device 10 has a stimulating electrode unit 12 and a
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in series. groups of cells, portions of cells and nerve fibers of the neuroretina. The
ground return electrode 14 is preferably disposed at or near the tip of the
ground return electrode unit 16. The stimulating electrode 23b and ground
return electrode 14 are disposed on opp'osite sides of a neuroretina, or if the
neuroretina is partially missing or damaged, then on opposite sides of the
remainder of the neuroretina. In a preferred embodiment, the stimulating
electrode 23b is disposed in a subretinal space of the neuroretina and the
ground return electrode 14 is disposed on an epiretinal side of the
neuroretina. In another embodiment, the positions are reversed, with the
ground return electrode 14 being disposed in the subretinal space of the
neuroretina and the stimulating electrode 23b being disposed on the epiretinal
side of the neuroretina.

Also as shown in FIGS. 1A and 1B, exemplary components of the

preferred embodiment of retinal device 10 includes the thin silicon substrate
11, stimulating electrode unit 12, stimulating electrode subunits 22,
microphotodiodes 23a electrically connected, for example, in series, within
stimulating electrode subunits 22 and an iridium/iridium oxide stimulating
electrode 23b of stimulating electrode subunits 22. The microphotodiodes
23a or other electrical source preferably provides stimulation to the
neuroretina from the subretinal and vitreous cavity sides of the eye.

Alternatively, The electrical source could provide stimulation from outside the



A stinmulating el ectrode 23b contacts at |east one of individual cells,
groups of cells, portions of cells and nerve fibers of the @Qpﬁhﬁ%tﬂﬁ@4 The
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return el ectrode 14 are di sposed on opposite sides of a neuroretina, or if
the neuroretina is partially m ssing ag.damaged, then on opposite sides of
the remainder of the neuroretina. In a preferred enbodi nent, the
stinmulating 04 electrode 23b is disposed in a subretinal space of the
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vitreous cavity. Although a curve directs the ground electrode unit 16 into the
vitreous cavity, other shapes could be used, such as an angled ground
electrode, to perform the same function, but may be more difficult to fébricate.
The ground return electrode 14 is preferably produced of an iridium/iridium
oxide and includes a titanium adhesion layer 14a and a P+ tub 14b dispased
under a titanium adhesion layer 14a to allow electrical contact with the doped
silicon substrate 11. The retinal device 10 aiso preferably includes a silicon
dioxide layer 15 that insulates the stimulating electrode unit 12 and ground
return electrode unit 16.

As shown in FIGS. 1A and 1B, the stimulating electrode unit 12 |
includes a plurality of stimulation electrode subunits 22 having che or more
microphotodiodes 23a electrically connected, for example, in series within
each electrode subunit 22. The preferred number of microphotodiodes 23a is
one unit per microelecirode subunit 22. The layers of the microphotodiode

- are, for example, from the incident light surface, the iridium/iridium oxide
electrode 23b, titanium adhesion layer 23¢, N+ tub 23d, intrinsic layer 23e and
the silicon substrate 11. Those skilled in the art wili appreciate that other
arrangements could be used where the microelectrode subunits are subunits
capable of generating electrical current. |

Also shown in FIGS. 1A and 1B, the ground return electrode unit 16
preferably includes a positioning hole 24 that allows the retinal device 10 to be
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iridiumiridium oxide and includes a Titanium adhesion’l a P+
tub 14b di sp8sescribed iy mere detail belowdhesi on | ayer 14a to allow el ectri cal
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shown in FIGS. 1 A.and | B, the stimulating electrode unit 12 includes a
plurality ofo gxiend the elsctdcalderpinationinithe sramdrstumelecisode 14ofshown

m cr ophot odjpd ' npegt f.or example, .in series within

each el ectrlc?ﬁ%%’%ﬁ%?ﬁhggﬂ%’%ﬁh‘?‘%rmeﬁﬂm«;&ﬁr ruc%rccf'% t&(sﬂ S 23a is
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are, for exgmple, fromt i nci dent_light surface, the iridiuntiri
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FIG. 2A is a plan view and FIG. 2B is a side view of the tail exiension
30. The tail extension attachment 30 is constructed of a biocompatible
material 31, such as Parylene or a similar biocompatible material and is
preferably manufactured with a curve. The tail extension attachment 30 also
includes an embedded conductor 34, insulated by the surrounding material
31; terminating in a tail extension ground return electrode 32 at or near an end
of the tail extension attachment 30, preferably o locate the electrode as far
into the vitreous cavity as possible. The conductor 34 of the tail extension
attachment 30 is designed to elecirically contact the ground return elecirode
14 when the tail extension attachment 30 is attached to the ground return
electrode unit 16 (shown in FIGS. 1A and 1B). The tail extension ground
electrode 32 is preferably constructed of iridium/iridium oxide, or other
suitable electrode material.

Also referring to FIGS. 1A and 1B, the tail extension attachment 30 has
a pocket 36 that fits over the ground electrode unit 16 to establish electrical
contact with the ground return electrode 14. Inside the pocket 36 are
profrusions 38, which fit into the notches 26 of the ground return electrode unit
16. The protrusions 38 are preferably constructed of a biocompatible

material, such as Parylene, or a similar biocompatible material. The tail
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during surgery. The ground return electrode unit 16 in an@ Be]lq[}s\ﬁbzﬁﬂlpent
i ncl udes notches 26 that allow a secure fit for attachnent's that have
correspondhY /43Pt rusi ons that fit into the notches 26, aBCHASEVI4EE in
nore detail below. As shown in FIGS. 2A and 213, a tail extension 30 is

di sclosed for attachment to the groundgleturn electrode unit 16 (shown in
FIGS. 1A and 1 B) to extend the electrical term nation of the ground
return el ectrode 14 (showmn in FIGS. 1A and 1 B), for exanple, further into
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the neuroretina Conpared to an electrical field that is arranged in a !
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manuf actured with a curve. The tail extension attachnent 36 so I ncl udes
an enbedded tk@gtndoretam elpakodariddithe gneursliretuumelestrodeatunit 8. Tha tail

term nating | -t abh . LN und return. el ectrode 32 at . or ar an
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FIG. 4 is a perspective view of another embodiment of the retinal
device 10 shown in FIGS. 1A and 1B. Like components are labeled using the
same reference numerals followed by a letter. Alternative embodiment retinal
device 10a is similar fo the preferred embodiment retinal device 10 shown in
FIGS. 1A and 1B, except that the stimulating electrode unit 12a is fabricated
as a disk-shaped web 17 to allow nourishment to flow between the choroid
and the neuroretina, and the stimulating electrode subunits 22a are fabricated
at the intersecting nodes of the web 17. Preferably, the web is manufactured
of silicon and can be perforated. The altefnative embodiment retinal device
10a is thus similar to the preferred embodiment retinal device 10 with the
addition of fabricated nutrient openings 13.

FIG. 4A is a magnified plan view, and FIG. 4B is sectional view taken
through section {ll — 1l of FIG. 4A of an alternative embodiment of the retinal
device 10a shown in FIG. 4. The stimulating electrode subunits 22a of the

-stimulating electrode unit 12a shown in FIG. 4 are each comprised of first,
second, and third microphotodiodes 24, 25, 26 electrically connected, for
example, in series within stimulating electrode subunit 22a to increase the
output voltage of each stimulating electrode subunit 22a. The stimulating
electrode subunits 22a contact a common ground conductor 28d via a contact
pad 28c.



Also referring to FIGS. 1A and 18, the tail extension attachnment 30 has a

pocket 36 that fits over the ground el ectrode unit 16 to egtabl4
el ectrical contact with the ground return el ectrode 14. Iﬁs%ig%@%mgogécket

36 are pP&H{E9%6ns 38, which fit into the notches 26 of tME/HSUMHNST et ur n
el ectrode unit 16. The protrusions 38 are preferably constructed of a

bi oconpati ble material, such as Paryleng. or a simlar bioconpatible
material. The tail O3NOv2004 WO 01/83026 PCT/USOL/1 1015 -8 extension
attachnent 30 includes a slot 40 that allows the positioning hole 24 of

the ground retur rPeff@ebhpthe tothnckigroanieonaaeDs 2BY a1l dARhESERNDSE ?FE
shown). FIG, 3.is a persgqec:tlv,e view show ng the tail extension 30 (shown
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it 16 of j ' f il. ext '
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vitreous of the eye. The stimulating el éctrode unit so shown. FIG
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the web is rmatériatd, Jorexample, noble metals like platinum and tantalium, may be
used. The common ground conductor 28d of the stimulating electrode
subunits 22a terminates electrically, for example, at or near the ground return
electrode 14a of the ground return electrode unit 16a, shown in FIG. 4.

FIG. 5 is a cross-sectional view showing the preferred embodiment
retinal device 10 of FIGS. 1A and 1B implanted in the eye 6 with the
stimulating electrode unit 12 disposed in the subretinal space between the
neuroretina 50 and the retinal pigment epithelium 52, and the ground retumn
electrode unit 16 in the vitreous cavity 54. Light images 56 enter the eye 6
through the cornea 58 and lens 60 and are focused onto the stimulating
electrode unit 12. Patterned electrical stimuli are then generated by the
microphotodiodes of the electrode subunits 22 (FIG. 1A) that stimulate the
overlying neuroretina 50 in the paitern of the image. For purposes of
reference, other structures of the eye 6 that are shown are an iris 62, a sclera
64 and an optic nerve 66.

FIG. 6 shows a cross-sectional view of an alternate embodiment
retinal device 10b, including the preferred embodiment retinal device 10 as
described in FIGS. 1A and 1B and other features. The alternate embodiment
retinal device 10b includes the stimulating electrode unit 12 disposed in the
subretinal space between the neuroretina 50 and the retinal pigment
epithelium 52, and the ground return electrode unit 16 in the vitreous cavity



of silicon and can be perforated. The alternative enbodi ment retinal device
1 Cais thus similar to the preferred embodi nent retinal dévide(Jko A4 the
addi tion fabricated nutrient openings 13. FIG 4A is a magnified plan
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FIG 4A of an alternative enbodiment of the retinal device 10a shown in
FIG 4. The stimulating el ectrode subumg.s 22a of the stinulating

el ectrode unit 12a shown in FIG 4 are each conprised of first, second,
and third m crophot odi odes 24, 25, 26 electrically connected, for exanple,
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exanpl e, at rtinakdevicddOgrineludingdhemreferred embodiment retinal device 10 as
described in FIGS. 1A and 1B and other features. The stimulating electrode
unit 12 is disposed in the subretinal space between the neuroretina 50 and
the retinal pigment epithelium 52, and the ground return electrode unit 16 is
disposed in the vitreous cavity 54, including a tail extension 30a that has a
generally looped ground electrode. Although the stimuiating electrode unit 12
is preferably positioned in the subretinal space with the ground return
electrode unit 16 positioned in the vitreous cavity, in other embodiments the
positioning of the stimulating elecirode unit 12 and ground electrode unit 16
may be reversed.

A purpose of the loop electrode of the tail extension 30a is to
electrically extend the location of the ground return electrode further into the
vitreous cavity 54 and in an even manner. An evenly disposed ground
electrode in the vitreous cavity relative to the subretinal stimulating electrode
array aids the maintenance of a tranretinal stimulating electrical field in a
perpendicular direction relative to the neuroretinal surface. Such an
alignment of the electrical field relative to the neuroretinal surface efficiently
stimulates the neuroretina, as compared to, for example, a transretinal
electrical field that is skewed to the neuroretinal surface. For purposes of
reference, other items and structures of the eye that are shown are the cornea
58, iris 62, lens 60, sclera 64, optic nerve 66 and the incident light images 56.



el ectrode 14a of the ground return electrode unit 16a, shown in FIG 4.
FIG 5 is a cross-sectional view showng the preferred enb Pnﬂgynzﬁg nal
device 10 of FIGS. 1A and 1 Binplanted in the eye 6 with t é’ i ng
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50 and the retinal pignment epithelium52, and the ground return el ectrode
unit 16 in the vitreous cavity 54. Light.images 56 enter the eye 6 through
the cornea 58 and |l ens 60 and are focused onto the stinulating electrode
unit 12. Patterned electrical stimuli are then generated by the
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pur poses, otseties ior pasaleh doafiguretioneas &f kidven in the art, to provide the increased

| voltage and/or current. For purposes of reference, other items and structures
of the eye 6 that are shown are the comea 58, iris 62, sclera 64, neuroretina
50, retinal pigment epithelium 52, optic nerve 66, and the incident light images
56. .

FIG. 9 shows a cross-sectional view of yet another embodiment retinat
device 10e including the preferred embodiment retinal device 10 as described
in FIGS. 1A and 1B, and an attached fail extension 30d that electrically
connects with at least one bias photodiode 30e preferably disposed in front of
the iris 62 of the eye 6. The placement of at least one bias photodiode in this
location allows all of the bias photodiode to be exposed to light, compared to
a bias photodiode disposed behind the iris. The bias photodiode 30e contains
the extended location of the ground return electrode 32¢, and the bias
photodiode or photodiodes 30e fo provide additional voltage and/or current to
the electrode stimulating unit 12 in the subretinal space. The bias photodiode
or photodiodes 30e are electrically connected together in a series or parallel
configuration to provide increased voltage and/or current, as is known in the
art. For reference purposes, other items and structures of the eye 6 that are
shown are the comnea 58, lens 60, sclera 64, neuroretina 50, retinal pigment

epithelium 52 and optic nerve 66, and the incident light images 56.



eye that are shown are the cornea 58, iris 62, lens 60, sclera 64, optic
nerve 66 and the incident light images 56. FIG 7 shows a 8&9§$O$b@ﬂﬂénal
vi ew of aa®éﬂg nbodlnent of the retinal device 10c |nclud|ng

preferred af retinal device 10 as described in FIES W%’!ﬂbﬁ | B
and ot her features. The stinmulating electrode wunit 12 is disposed in the
subretinal space between the neuroreti 250 and the retinal pignent
epithelium 52, and the ground return electrode unit 16 is disposed in the
vitreous cavity 54, including a tail extension 30a that has a generally
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preferably p retin the nd,return
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venl y. i speliiprsidsht et s e HGRHE GRkhS opligRl ol SollaRUFE FREAR, e
subretinal sintendesi tordefirlecthierspitét art seypeadtihig ingentiomt enance of a
tranretinal stimulating electrical field in a perpendicular direction
relative to the neuroretinal surface. Such an alignment of the electrical
field relative to the neuroretinal surface efficiently stinulates the
neuroretina, as conpared to, for exanple, a transretinal electrical field
that is skewed to the neuroretinal surface. For purposes of reference,
other itenms and structures of the eye that are shown are the cornea 58,
iris 62, lens 60, sclera 64, optic nerve 66 and the incident |ight inmages
56. Oo' NOV 200~ WO 01/83026 PCT/USO1/ 14015 FIG 8 shows a cross-sectional
vi ew of yet another enbodinent retinal device 1 & including the preferred
enbodi ment retinal device 10 as described in FIGS. 1A and | B, including
an attached tail extension 30b. The tai




extension electrically connects with at | east one bias"photo
di sposed in the |lens capsule 60b of the eye 6, the bias pho?@)g}ﬁmg 8@04

containing the extended |ocation of the ground return el ectrode 32b. The
bi as phot odi ode 30c provides additior@ voltage and/or current to the

el ectrode stinmulating unit 12 in the subretinal space. Additional
stinulating voltage and the resulting current may be required to stinulate
nore sewgegtpaiamaged retinas conpared to | ess severely danmaege retinas.
The bi as phot odi ode, which may also be a series of photodi odes 30c are
electrically connected together in a series or parallel configuration, as

i's known in tmﬁar‘ﬁf&al rétﬁmaﬂfe@iébd@efel&ﬁcblﬁ@ﬁﬂﬁa@@a n\ég}drém% (ﬂ%q/é?é t& pFodaed . For
purposes of reference, ofh tems and structures of the eye 6 that are

shown ardtificia visiopnibs asificial retiga gevica g9raprsingh neur aretina 50, reti nal

pi gment  epi t hgl digkRi@dsoqld;i ¢ nerve 66, and the incident |ight inmages 66.
FIG 9 shows a cross-sectional view of yet another enbodi ment retinal
devi ce 10e |r?éiq?atwbe%twf%m@fe&qﬂeee@%@&t%wth theelackicatranress and as

described i mtRdsBonelgrouddrétimBlectbe ashrticachdché élebtr@éﬁéﬂ@:%@%hé% t hat

el ectrical Ity connects with at | east one bias photodi ode 30e preferably
di sposedh¢ alimyiging Yectradgand@repndgetuinglegijedesre tagS %’F%@M'Sﬁﬂseﬁﬂmtf‘@ast one

bi as phqﬁ@d*@@@obiﬁbsﬁtblsﬁjesbpfh@tﬁegfbréﬂﬂaows all of the bias photodl ode to be
exposed to light, conmpared to a bias photodi ode di sposed behind the iris.

The bi as phot odi ode 30e contains the extended |ocation of the ground

return el ect ro@eedits of 8iBkh § theRlif et S6lcOTs PhKIIOEades 30e to provide

additional voltage and/or current to the electrode stinmulating unit 12 in
t he subretinal space. The bias photodi ode or photodi odes 30e are

el ectrical |y gRUSRERM chpg2ifiRfeih hedhd®ideRTtd s AAidbpltodic@nbirgpur ation to
provi de increased voltage and/or current, as is known in the art. For

ref erence purposes, other itens and structures of the eye 6 that are shown

are the g£or neghefbvick®nslafP1 wiehsin %e%mm#lb‘é‘&trbﬂélls%s:tlbﬁéblém api gnent

epi thelium 52 and optic nerve 66, and the Incident I'ight images 56. 0 3 N O
V 2004 Subretinal space of the neuroretina.

5. The device of claim 1 wherein the ground return electrode is positionable in an

epiretinal side of the neuroretina.

6. The device of claim 1 wherein the at least one stimulating electrode comprises a

plurality of stimulating electrodes configured in an array.

7. The device of claim 1 wherein the ground return electrode is configured to be

disposed in a vifreous cavity of the eye.

8. The device of claim 1 wherein the ground retum electrode is configured to be

disposed within a lens capsule of an eye.

9. The device of claim 1 wherein the ground return electrode is configured tc be

disposed in an anterior chamber of an eye.

10. The device of claim 6 wherein the electrical source comprises at least one
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nodi fications to the enbodi nents descri bed above wll be app
skilled in the art, and are contenplated It is therefore intended that
the foregoing detailed description bel4egarded as illustrative rather than

limting, and that it be wunderstood that it is the follow ng clains,
i ncluding all equivalents, that are intended. to define the spirit and
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device tq, el ectrical lﬂé stinul ate a neuroretina of an eye to produce
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source,; @irrdsﬁéﬁdnn@ﬂﬂ)tﬁddtéﬂléfaéﬁdgﬂ»oﬁiv@ﬁlé B8\ RCEIB6livdl BuicBe el ectri cal
source; and at |east one ground return el ectrode connected with the

el ectrical source, wherein the stinulating electrode and ground return

el ectrodet.ar ermdwmf%:mq obﬁ@blﬁ m@twetéud‘r anti pRoRYEItAMNdROsEt € Sides
of the neuroretina. V|ce of im21l wherein the electrical source

i s a phot'dhfee @fqﬂma!éo O‘?ﬁénef %ac@ptfgtgc,e AIUIging &leHradke phot odetector is a
m cr ophot od| ode array. 4. The device of claim1 wherein the stinulating
electrod 05|t|on ble in a etinal space of the neuroretina. 5. The

device o cI al M éfa}‘f“ﬂﬂéﬂ"’tﬁ’l’%ﬁﬁ@ phefagefpclarcRitR@daic deyige 2P onabl e in an
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of the eye. 8. The device of claim1 wherein the ground return electrode is

configured to be
13. The devices of claim 10 wherein at least one bias photodiode is electrically

connected to the stimulating electrode array to provide at least one of additional voltage

and current to the stimulating electrode array.

14. The device of claim 13 wherein the at least one bias photodiode is configured to be
disposed in at least one of a vitreous cavity posterior to a lens capsule, within the lens

capsule, behind an iris and in front of the iris of an eye.

15. The device of claim 14 wherein additional voltage and current are provided to the
stimulating electrodes by electrically connecting the at least one of the bias photodiode to at
least one of the photodetector and photovoltaic devices.

16.  The device of claim 10 wherein the array of at least one of a photodetector and

photovoltaic device are configured to be disposed in a subretinal space of the neuroretina.

17.  The device of claim 1 wherein the ground return electrode is configured to be

disposed between a choriocapillaris and a retinal pigment epithelium.

18. The device of claim 1 wherein the ground return electrode is configured to be

disposed between a sclera and a choroid.



di sposed within a | ens capsule of an eye. 9. The device of claim1l wherein
the ground return electrode is configured to be disposed in an(Jaht\efitor7(i(}4
chanber of an eye. 10. The device of claim®6 wherein the electrical source
conprises at |east one 03 Nov2 04 14 pHotodetector and photovol taic device,
and the at | east one stinulating electrode of the stinulating el ectrode
array receives voltage and current fromat |east one of a corresponding

phot odet gt or THN@bVRIRQIf @It %ére‘iiﬁﬁb%rﬂfreiuheelébtﬂfdeﬁé EdifighRidt6®e 11. The
device of claim 10 wherein th Fhot odet ector and photovoltaic device are

di sposeod'?ﬁ%ﬁf’r?ﬁla IR AWTAEE ANTEY OURIIS OEM ©¥% the stinul ating el ectrode. 12.
The devi ce of claim1l wherein the phot odetector, photovoltaic device and
stinmulatjn rode a e configured to be dis osed on an epiretinal or
subr et i ral ﬁ'éeéﬁv'%c%dr%%lpﬁyea%W qf g i"?%@g aF‘S(QL@-EH' B/ the eye
will pr Oél@a@daa .s%cﬁﬂgm%dﬁ béruispése«axrbrﬂhetebﬁetmama@dﬁheﬁé@rbr@ﬁd aph@d ovol taic
devices that  r Cgbl e th focug&gd i naqq_gfs he devices of claim 10

wher ei n SHPPPE ifangd by RJtFuPIeRs! %mér@c?‘?rtﬁ%ﬂ phyhe gevicredisRRped O he

sti nul atthg@p@d)ﬁ@tsrmtﬁé héfoleingr ovi de at | east one of additional voltage
and current to the stimulating el ectrode array. 14. The device of claim13

wherein the at | east one bias photodiode is configured to be disposed in

at | east2ne THe dewdetdreRirh mavﬁewn ﬂ%%r@ﬂﬁ@fetdrﬁe@dr@d&s@:@ﬁ@ﬂr&i tomd hi n the
l ens ca sule behi nd &gll‘ S in front of the iris of an eye. 15. The

devi ce OfISRASES hebveeRi 'Hcaﬂ@f’ﬁ ?Bﬁélremﬂ' P'&ﬁ‘@"b‘?ﬂit giHMent are provided to

the stinulati ng el ectrodes by electrically connecting the at | east one of

t he bi as hot de t east .one of t ho odet ect or _ and otovoltaic
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phot odetgﬁgjcg@@d@aﬂveenm)gcgyglahahq;hd@w_ce are configured to be disposed in a
subretinal space of the neuroretina. 17. The device of claim1l wherein the

ground return electrode is configured to be disposed between a

choriocags.| | ariesdémivéd of clafth i20ahehdig my@ro@mu fefiih eléttrodeSis cohfyuigyioase of claim

1 wherelt? t he %roun return electro }s configured to be
Isposed ©n a sclera surtace on an outside of an eye.

24, The device of claims 20 wherein the stimulating electrode is configured to be

disposed between a choriocapillaris and a retinal pigment epithelium.

25. The device of claims 20 wherein the stimulating electrode is configured to be

disposed between the sclera and the choroid.

26.  The device of claims 20 wherein the stimulating electrode is configured to be

disposed on a sclera surface on an outside of an eye.

27. The device of claim 1 wherein the ground retum electrode is configured to be

disposed in a subretinal space side of the neuroretina.

28. An artificial retina device to electrically stimulate a neuroretina of an eye, the
artificial retina device comprising:
an electrical source;

at least one stimulating electrode connected with the electrical source; and



di sposed between a sclera and a choroid. 0 3 NOV 2004 15 19. Tfles deUic&(4
claim wherein the ground return electrode is configured to be disposed on
a sclera surface on an outside of an eye_ 20. The device of claim1l wherein
at | east one of the stinulation and ground return electrodes is configured
to be disposed on the epiretinal side of the neuroretina and is supported
and positioned by a rigid extension fromthe portion of the device di sposed

on the oppositligass bA&gRiunt AGuMEIIEAI0BE icBAneclsl wilthBe @RI Surdd, dinBtel?
n el ectrode is configured to. be et ween a
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between a sciera and a choroid. 23. The device of claim?20 wherein the

ground r'&\YPR"A-ectrode is configured to be disposed on a sclera surface
on an outside of an eye. 24. The device of clains 20 wherein the

stinul atj ng ectrode .is.cqonfigured tqQ he disposed betyeen a
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an outside of an eye. 27. The device of claim1 wherein the ground return
el ectrode, is confiqgured to be disposed in a subretjnal_s e.side of the
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el ectrical source; at |east one stinulating el ectrode connected with the
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32.  The device of claim 28 wherein the ground return electrode is positionable in an

epiretinal side of the neuroretina.

33. The device of claim 28 wherein the at least one stimulating electrode comprises a

plurality of stimulating electrodes configured in an array.

34. The device of claim 28 wherein the ground return electrode is configured to be

disposed in a vitreous cavity of the eye.

35. The device of claim 28 wherein the ground return electrode is configured fo be
disposed within a lens capsule of the eye.

36. The device of claim 28 wherein the ground return electrode is configured to be

disposed in an anterior chamber of the eye.

37. The device of claim 33 wherein the electrical source comprises at least one
photodetector, and wherein the at least one stimulating electrode of the stimulating
electrode array receives at least one of voltage and current from the at least one
photodetector.



at | east one ground return el ectrode connected with the elec I’,l, ?\Téﬁf@ﬁﬁ
wherein the stinmulating electrode and ground el ectrode are onf zb
direct an electrical field through the neuroretina, wherein the electrical
field is substantially perpendicular tt the neuroretina. 29. The device of
claim 28 wherein the electrical source is a photodetector. 30. The device
of claim29 wherein the photodetector is a m crophotodi ode array. 31. The

devi ce og. cl am@c%&nc\émbramsvmeﬁém fnélaauéa@goﬁé Wédé?&tér&:oﬁﬁﬁnbéé gnable in a
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stinmulating el ectrode conprises a plurality of stinulating el ectrodes

configured in an array. 34. The device of claim 28 wherein the ground

return ejgect rofaddvice@Pakaing 88 Athetein B plthi @ﬁ@ﬁbtbdbt@ctdﬂstarnﬂ%ﬁﬁlu%ﬁﬁgty of the
eye_ 35. The device of claim28 wherein t groun return el ectrode i's
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di sposed in an anterior chanber of the eye. 37. The device of claim 33

wherein the electrical source conprises at |east one photodetector, and
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to one anot her adjacent to the stinulating electrode. 39. The device of

cl ai m 3&whermiedevite dpklam@ ki ihefin et Rt 66d BIBS pRctEdicdd Boptidured te! ect rode
are confi géﬂed to be disposed on an epiretinal or subretinal side of the
be disposed in at least ohe of a vitreous cavity posterior to a lens capsule, within the lens

capsule, behind an iris and in front of the iris of the eye.

42.  The device of claim 41 wherein at least one of additional voltage and current are
provided to the stimulating elecirodes by electrically connecting the at least one bias
photodiode to at least one of the plurality of photodetectors.

43.  The device of claim 37 wherein the at least one photodetector is configured to be
disposed in a subretinal space of the neuroretina.

44, The device of claim 28 wherein at least one of the at least one ground return
electrode is configured to be disposed between a choriocapillaris and a retinal pigment
epithelium.

45, The device of claim 28 wherein at least one of the at least one ground return
electrode is configured to be disposed between a sclera and a choroid.

46. The device of claim 28 wherein at least one of the at least one ground return

electrode is configured to be disposed on a sclera surface on an outside of an eye.



neuroretina, such that inages focused into the eye will produ ejin %r?ﬁdﬁ
stimulation. 40. The devices of claim 37 wherein at |east onelYb %O O0%
phot odi ode is electrically connected to the stimulating electrode array to
provi de at | east one of additional volﬁége and current to the stinulating
el ectrode array. 41. The device of claim40 wherein the at |east one bias
phot odi ode is configured to be disposed in at |east one of a vitreous

cavity paat erTiey dévicedoflcRing 28a\ﬂféuélr&atléia§tfdn@ df ke dteasst os@pERtligtingdoehi nd an
iris and_i the . iris of

f ront, of he eye. 42. The device of clajm4l
wher e, n Sipeeds e st o Brihd et Hae e e CaTOEAS B SrrBr LR 1o ¢ he
sti mul atépigtiedeiderddesndyoretiet ri cal |y connecting the at | east one bias
phot odi ode to at |east one of the plurality of photodetectors. 43. The
device of claim37 wherein the at | east one photodetector is configured to
be disptsed The devidelofelaimal? vapasie adDkadtiohertf tHetdt@ddshane grdund Futievi ce of

claim 28 erei.n at. | east ,one of st on round return | ectrode
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pi gment eppefiumel i um 45. The device of claim28 wherein at |east one of the
at | east one ground return electrode is configured to be di sposed between

a sclera and a choroid. 46. The device of claim 28 wherein at | east one of

the at |45;st Thwedaiewidlaimiddwnerdgth aCleastidmel o thadatliéagtonslgioand eetdinsposed on a
sclera s rf.ace .on 04 18 47. The devi ce of
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and the at | east one ground return el ectrode is configured to be disposed
on the ir in e, of neur retlna evice of claim47
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epithelium 49. The device of claim47 wherein at |east one of the at | east
one ground return electrode is configured to be di sposed between a sclera
and a ch®t.oi dThe device of claim 47 wherein at least one of the at least one stimulating

electrode is configured to be disposed between a choriocapillaris and a retinal pigment
epithelium.

52. The device of claim 47 wherein at least one of the at least one stimulating

electrode is configured to be disposed between a sclera and a choroid.

53. The device of claim 47 wherein at least one of the at least one stimulating

electrode is configured to be disposed on a sclera surface that faces an outside of the eye.

54. The device of claim 28 wherein at least one of the at least one ground return
electrode is configured to be disposed in a subretinal space side of the neuroretina.

55.  An artificial retina device to electrically stimulate a neuroretina of an eye, the
artificial retina device comprising:

an electrical source;

a stimulating electrode connected with the electrical source; and

a ground return electrode connected with the electrical source, wherein the

stimulating electrode and ground return electrode are configured to be disposed on



50. The device of claim47 wherein at |east one of the at |eas r
return electrode is configured to be di sposed on a sclera surgéggﬁ%ﬁ Zﬁﬁi
outside of an eye. 51. The device of claim47 wherein at |east one of the
at least one stinmulating electrode is!®onfigured to be di sposed between a
choriocapillaris and a retinal pignent epithelium 52. The device of claim
47 wherein at | east one of the at | east one stinulating electrode is

confi gur gghdsfe BRed bFReTRArdAGInween a sclera and a choroid. 53. The device of
claim47 wherein at | east one of the at |east one stimulating electrode is

configured to be disposed on a sclera surface that faces an outside of the

eye. 54.58he URYi&Rcbt ddimisn %ﬁeﬂé’ﬁﬁh@igl?btﬁﬁr ©APEleQRRIE alidtedio Beeast one
ground return  electrode is configured to be disposed in a subretinal space

si de of tRRPSFEebyean sehorigsapillgris ahdiarretina pigment aeitheélince to el ectrical ly

stimulate a neuroretina of an eye, the artificial retina device

conpri si 5?? an electrical source; a stinulating el ectrode connected with
1 C

the el ec af " geiiesof calg o wWheseindhs %rpuweéwra%ﬂchaée Badspteddabii th t he

el ectri caibpssRdibveaMiLséra anB@ chdkdidibf the iepg el ectrode and ground return
el ectrode are configured to be disposed on 0 3 N OV 2004 19 opposite sides

of the neuroretina. 56. The device of claimb51, wherein the ground return

el ectrodggis RERBEREE SRIdMR 5101IFPEOR 6k HRLNERAM AlBbHE RaRiablaartb Beand a
retinal i|§lgqrr§|:;ent epi thelium 57. The device of claim51 wherein the ground

return e P8 4 Ce[a SPHfae PrAheutsige ohtie&¥epet ween a sclera and a choroi d
of the eye. 58. The device of claimb51 wherein the ground return el ectrode
is adapted to_be, disposed on a sclera surface on an outside of the eye.

59. The Bvi cEhofeisesifan Sindiesein the,dinglating Slgctiege & atapiadde bes adapted to
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60. The device of claim51 wherein the stinmulating electrode is adapted to
be

60.  The device of claim 51 wherein the stimulating electrode is adapted to be
disposed between a sclera and a choroid of the eye.

61. The device of claim 51 wherein the stimulating electrode is adapted to be

disposed on a sclera surface on an outside of the eye.

62. An artificial retina device to electrically stimulate a neuroretina of an eye, the
artificial retina device comprising:

an electrical source;

at least one stimulating electrode connected with the electrical source; and

at least one ground return electrode connected with the electrical source, wherein
the at least one stimulating electrode and ground return electrode are configured to be
disposed in contact with the eye on opposite sides of the neuroretina, wherein at least one
of the at least one stimulating electrode and the at least one ground return electrode is
adapted to be disposed on a sclera surface on an outside of the eye.

63.  An artificial retina device to electrically stimulate a neuroretina of an eye, the
artificial retina device comprising:

an electrical source;



di sposed between a sclera and a choroid of the eye. 61. The device of claim
51 wherein the stinulating electrode is adapted to be disposed VaZQBWera
surface on an outside of the eye. 62. An artificial retina device to
electrically stinmulate a neuroretina of0an eye, the artificial retina
device conprising: an electrical source; at |east one stinulating electrode
connected with the electrical source; and at |east one ground return

el ectrode conaetiwealdtivg élbctidie cdhasdied wah tieoslecRcal vh@tgiand t he at | east one

stinmulating electrqde an round return. el ectrode, are confiqured to be
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wher ei n stimhig@ag) elefi®de @hd ghaundtrefufaslbctiotie & conflgatddtg beldiploeedlen and t he at

| east one ground retfurn el ectrode, i adapted to b i spose n sclera
sur face. ShPbane Bides phie debiokaingy wnd whereR RS siimvpihe fec bR inattrL B i

el ect ri caibposedtwithisl the@ye, neuroretina of an eye, the artificial retina
devi ce conprising: an electrical source; 0 3 NOV 2004 20 a stinulating
el ectrode connected with the electrical source; and a ground return

el ect r ode4.conies iedcebitdiimles, #heelr the stimarung electdtizriehbaptBeto Isd | mul ati ng
el ectrode ode are configured to be di sposed on

nd grand return e%ec}h
opposi t ePETIPLET it villeotsgaxity AHNe £¥& wherein the stinulating el ectrode is
adapted to be disposed within the eye. 64. The device of claim63, wherein

the sti ati | ectroode is adapted to be. positipned wi,ithin a vitreous
cavi ty oft he !ty eSSt e Beie chupRrad SRakadbs fothied MYl at | ng
el ect r odeontsct avtapinedirkindd eurdfate Fdid @l Wi th an epiretinal surface of the
eye. 66. The device of claim®63, wherein the stinulating electrode is
adapted to be positioned in a subretinal space of the eye.

66. The device of claim 63, wherein the stimulating electrode is adapted to be

positioned in a subretinal space of the eye.



