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STI MULATI NG AND GROUND RETURN ELECTRODES DI SPOSED ON OPPCSI TE @I'ﬁf‘@gzﬁug
NEURORETI NA AND METHOD OF ATTACHVENT FI ELD OF THE | NVENTI ON The “p nt
invention is generally directed to nedical devices. Mire particularly, the
present invention is directed to an artificial retina nedic ' d
nmethod to nore efficiently stinulate electrically and with 'ml',WHmmn'lmﬂNllmm
resolution, neuroretinal cells in partiglly damaged retinas to *EJ&'% juce

artificial vision. The invention provides inproved efficiency a
resolution of the device by using transretinal electrical current

st mul at on PARTHGIAY RETIN DEVICE WY IFALS O] Weings 26UFS are
6 sposed on SR é&@%ﬁ@é’%ﬁgm BN PR o
{Ina d N FeSIRES,OR THE
\r/gsl:trjﬁarl fggers of fﬁ' RddN; NEHMEWHGQ@@ i ATEACKHMIENGCapi | 1 ari s,
and the outer retinal |ayers that include Bruch's nenbrane and retinal

pi gment epi t'ﬁ'@h@n@FlﬂéEyWVEhﬁﬂ@N ayers is often acconpani ed by

i i f th i i [ 1 h
e o e AR b AL ey W

neur or et i na sAHBGGAY, fHe éﬂ%eﬁf&ﬁénﬁ%&ﬂ@ﬁ%ﬂ@&%%n%rﬁ%@é j airﬂgﬁﬁglwn ori or

nucl ear, i nner pl exi orm ganglion ¢ nerve fl ayers.
efforts to pledceendineiwdip mets effiticatly stimutate electivaly and withasigher ays of

tinmulati Lectrodes with their . t | ect rod lectr od
Gl sposad or1Repthy RavBrbfindliEns if patiHxl b dedralims 40 Prasiuce adiNSRAI (e
neur or et i na.vigloAC MRNINVeHtiIGH ipfdlidéd MEprAVEdSACIBACY sﬁ&?é'?cﬂh%ﬁ bPfifes together

in this fashion resulted in inefficient stinulati'on o e neuroretina
because the @§\éeq bydwing trangrefinel electrical ceatent stimeulation praxided biye

neur or eti na. L I e e of diffuse spreadjng of
cach sti mui A g auph o 80ne PR EHR s RGP AR tigbosed pR paBlg shiear EF
SUMVARY COF TofEheeurbidtiinaEMBODI MENTS | n accordance with one aspect of the
present invention there is provided an artificial retina device to

electrically ' e neuroretina of an eye to produce artificial
vi sion, the %?\ﬁl{@éaép'\ﬁ%u na devi ce conprising an electrical source; at
| east one stinul aji rode.,.connected wi.t.h the el ectrical source; and
at |east one gr oLAﬁ8&$ﬁ}e§ﬁ§&'§%§sﬂﬂ?§c¥'§'ﬂn 5ok W@’C{ﬂe&éttm cal source,
wher ei n t he déstrudtiahi gfghe vastilad Ryarsloptruss ekt iHdudd ﬂ@él‘i’&%ic?ﬁﬁd
configured t&' be di sposed within the eye on ogposﬂe si des of the

a

neur or et i na. cNfiosgpilladisnand fhe putasisetinal layersdhatdnciude Brusbisrmembrame i on

there is pray : LEd Glaal et | ' | cal | tinul.ate a

there 15 gaoé(() (ﬂg‘%@ g&j’l‘b%lfelll Shitlelilift. | 185688 14y eth FELRbT AckdmphhiSd &)
degeneration of the outer portion of the neuroretina, typically the photo-

6

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 op the epiretinal or the subretinal side of
the neuroretina. Placement of stimulating 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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artificial retina device conprising an electrical source; at |east one
stinulating el ectrode connected with the electrical source and at | east
one ground return el ectrode connected with the electrical graehuypezgog
the stinulating el ectrode and ground el ectrode are configured to n
el ectrical field through the neuroreti®a, wherein the electrical field is
substantially perpendicular to the neuroretina. In accordance w th anot her
aspect of the present invention there is provided an artificial retina
device tgp @%UM%&@%\}bFSItH@Bhﬁ B@EFEMQ%W@T@‘ an eye, the artificial
retina device conprising an e rical source; a stimulating el ectrode
connected with the eIectrrcaI source; and a ground return el ectrode
connected witf e and
around 1 et ur it SeRRGEN G st Efing BRERRH MvirtEnTiord s ol £ SRIERES C

t he neurrstiea device loreleaticaliatiroelate a heurnteting of ars pm:to mbdudeearpfrom @istoni theent i | on
there i s, RN g6 d’é%c%rctoh{grigtng'apre?édtn%l Qrﬁ)fbé}ea feds oL bl yerécttﬂoHH' ate a
neuroretina of an e cral re evrce conprisrng

el ect ri cednneoled adth the eleetrisal sonecesandhat laastngegrcamdrremm electrmietceainestedr t he
electric W th
the. el ectth BB icaR B6e, wrEhgh i Sinilcfeid e an ol Ren T PBORRRe 0
ground reanfiguredite be disgesett within tfei wrmtbptp@Sl&ESIdespﬁbeneumretmat act with the
eye on opposi refl he at

| east one sti iir?u C%P%ﬁcg{wtﬁ ?ﬁot a‘%&gﬂ@% a?}gggrﬁ'%\ggﬁéen {hr%gea% ?egjran'{

el ect r odartifisialaeltins wlqedo lelacttlcaﬂwsibnmaiﬂ asnegiroretiza sﬁaﬁe}@etMn an out si de of
the eye. _Ln . f e t here
o pr ovi A TERN RS, e A ey AR Elrod) t 128t SR Lalrd ko0

neur or et ¢ormeotedavithdhe eletticalouide; andat leastiona gdmnda’etuuoaipctrcsier@nnacrted
electric trrca

T o 28l BRI s R A R RO Eh B bdciRa’

el ectri ceﬂnﬁgun@dde)ﬂlrertt@nalectndabﬂdd thralight mag\eatoeeimowberarrmgretmtrctatfmidusn

el ectrod on opposite sides of the

neur or et %n%‘ﬁgﬁmgwﬁ&lirﬁ%@tr?élﬁ ﬁg el ectrode is adapted to be

di sposed wit hlnraqcneiaegsawrth'heotbﬁraaﬁmleet cithe priesertlinventiomthedeisiprevides! g7 ef er abl y
conposed [ I [ ground
return ef r‘i’ifn Wgt"%ﬁén‘%ﬁceq e‘e%trrctagﬁ%tﬁﬁdr i {mé“{? gﬁﬂtﬁg%ﬁ%ema%réem@ggt@gl |y and
el ectri cawge conprismgaussledricah kg wice $tynlaatd19eele¢ttqdeccahchteﬂ)wmetttee&1edtwc_adtn

i nsul at e&‘otfr@% anh'akg‘?oﬁrﬁi Y4 QlectrBad cér{?\eﬁ H‘%v.f?ﬂ’ﬂ@%le%ﬁt&&rsso%%o%éénq f@s! tions,
and aligns the two units on opposite sr € neuroretina relative to
each ot hefimulgling elestiade and mgomde'etmmqlecmﬂetare§onﬁtgwecétoabqﬂleposad9hl i con di sk
3 Mmin Shﬁﬂﬁégﬁeéﬁﬂmgie gréthas thick, and is conprised of separated
stinmulating m croel ectrode subunits. Preferably, the stinulating el ectrode
unit has a gruargordence witle peetheiarpegiifitheRriesaitiingntien theomis pseNdéed @bnpri sed
of a si | hiffalr8ita &é%é&fﬁ%lécw&tﬁﬁm%%&%ﬁ?éﬁéﬁe}l fhd e ground return

el ectrode at ating mcroelectro units of the

st i mul at anficiallretina dﬁ@mmmlsnglawotmm peyrce;l irashorgistinulating electindee
m cr Opho&&%efé@%mﬂ?@fé%ﬁ al doBfce E@Hi I‘éast'o'ne??&gﬁﬁ'gémeﬂceéll?cgdegc?&n‘?\gct%t hi n
er (0] 1 0 er s

t he subunit erred nu mcro unit 1S on

I n ot her W@hﬁ@oﬁ'?@m% sowgewhereip dee aldead gee §u'mutqrmg elgctm@r andeypynd egtyrnc at ed
on a_nodgieBfods 4fbShnflARPE 1 dibaBa PbonihdiGith ih0yd on BERRTE LM BYPeN
areas of the web. en areas o | ow nouri'shnent and

fromt he"%?@*'n?:é'(h%@m leagiong: of dhe aideastionasmulating elestroda anst togiah k@as{ n the
pref er r egnCaiar4 Ml elédirol8 % ﬂ‘becﬁlsﬁd(%@d dhiaBelet b%n%'cﬁpaﬁ &Lt 1.
e. the side opposite the incident |ight si an I nsul at common conduct or
i s constthe®¥ed and arranged to electrically ground the nicroel ectrode
subunits. The|CQEBRA ﬂ&ﬁk | e length
of the gr oundI return gfgglﬁrgggtggunr e{°f§ﬁ€é%%q§ﬁ‘5%{‘éé§‘9?ﬂm§r'?eﬁé@g%’ ér?oun
return edidifigiplggtinagdevine taelactriaally slirpulete a neurenietiog af areeye; H\eeartmm@@lmaum t,

and di spg&ich édndridthg! b r‘eeefrefpamréa a slif@iIRNg 8RE of¥ wcreethWh@b Efri"cﬁlde
tip in the vitreous cavity allows the electTica I e generated

m croel ectrode subunits in the subretinal space to transretinally strnulate
the neuroretina. In a second enbodi nent, an additional tail with an
enbedded conductor and an electrode tip is connected to the ground

el ectrode tip of the ground electrode unit to extend the |ocation of the
ground el ectrode further into the vitreous cavity. In a third enbodi nent,

t he conductor of the ground electrode unit is electrically connected with
an additional bias photodi ode or photodi odes to increase the voltage and
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3a current generated by the device. In this |latter case, the ground

el ectrode of the device is preferably disposed on the additiong§#ib®f
phot odi ode or phot odi odes di sposed in the vitreous cavity. In 2004
enbodi ment, the bias photodi ode or photodi odes are placed in the |ens
capsul a bag of the eye after surgical yenoval of the |ens nucleus and
cortical material. BRI EF DESCRI PTI ON OF THE DRAW NGS O her features and
advant ages of the invention will be apparent to those skilled in the art

W th reéalrre@@mdtangrb?@d cbmhra}dlewod@acmddgtédwmhanﬁ etd&&icdrsr?MdEQWheTéin tnei ch: FIG
1A is a n.view of a preferred enpodi ment show ng the sti ating

o ettr oo RiNG Shei el o PaIT PRoEP R P SORTHRT to B USAOBI0R b i de view
of FI G ogpdiite Bk dEtHeRuFdreting, ahd MicRirediklstfhalating kleaiddd ib@adgpted isibs et ur n

el ectrode unit. FI 2A is a plan view of the tail extension of the
pref er ra'ap‘&ﬂgdﬂf%ﬁ@ﬁyet hat physically and electrically couples to the

gL ound reéI Urmh@b%ﬁllilé(é@tifulgil teftiﬁé dEM@islpréfemﬁﬂ/ donfipdsed ek fwd tsh s'id'lﬁ\itbplﬁét i on of
the ground return el ectro urtner 1nto the vitreous caylty of eye.
H G 5 Beituiing §BatadB it g e loiia retinetions bl dRige ERbptIneEt shefast Y
enbodi menitssare ph@sicallyi ahd@igoticahe ContinBowd, enpyivaliygnd blectridally coxhedied by of

FIGS. 2A and 2B attached to the. d ret lectyode unit of FIGS. 1A
ands B, aneoieed GHRE ESaysr Ik ket mbodielesuBharPRutRne. efbASRS | e

sti mul athel@o&inks bh ofpoditisidesB thecmdLpsretita relative léfdh cthérl T stiRllatig al | ow
ot i i aPEREods Wit BlaE SR SIoaH TN AT HEr S & DTSRGS of ¢ he
web. comprised of separated stimulating microelectrode subunits. Preferably, the stimulating

electrode unit has a ground return electrode unit extending from one edge, comprised of a

silicon tail with an insulated conductor leading to the ground return electrode at its tip. The

stimulating microelectrode subunits of the stimulating electrode units deliver current

generated by one or more microphotodiodes connected, for example, in series and

fabricated within the subunit. The preferred number of microphotodiodes per subunit is one.

In other embodiments, each microelectrode subunit is preferably fabricated on a
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 common 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 connected to the ground electrode tip of the ground electrode unit to extend
the location of the ground electrode further into the 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



O ~NOV200g FIGS. 4A and 4B are magnified plan and sectional views
respectively of the enbodinent of FIG 4 where the stinulating b&g%ﬁ
subunits of the stinmulating electrode unit are each conprised of ﬁ% 04
m cr ophot odi odes el ectrically conmected in series to increase the voltage
out put of each stimulating electrode subunit. FIG 5 is a cross-sectional
view of FIGS. 1A and 1 B, in the eye with a stinulating electrode unit in
t he subretinal space and a ground return el ectrode of the ground return

el ectr ]gcifrem génerited drlxzéle ge\wd,;@ w%mg lt@ﬁa&a;s@yihﬁxgaofidﬁle&o%jé oﬁt_h@rdéSif%e l:?:elecéts i 02 aAI
view o e devjce o With, ache i| extensio :

bha 28, PiEferably disBCasdtan s agiiphebias RIoldicHe GrpbeRaloBRUBRMEND M hovi gt he
devi ce gfredus@avitkA and 1B with an el ectrode stinmulating unit inplanted in

t he subretinal ace and, a ground return el ectrode | oo f the ground
return el ect%éﬁﬂhﬁmb@f’%‘g&ﬁe PlasiPhetodiade s 0'89'\99?%/?'%@?@3"8"! Igns

Cr 0Ss- s@fysuRNsHg ofiteye affdRRLRfdal RInfdval bfafle RINRARICIEBS nd 861BvdI Athtéite devi ce of
FIGS. 1A and 1 Bwith a stinmulating electrode unit inplanted in the
subretinal space and a tail extension electrically connecting to a bias
phot odi prEEFDERCRERITION OFRaTHEDRAVMINGE € of the eye, the bias phot odi ode
containing the extended | ocation of.the ground return el ectrode, and the

bi as phot odi ode providing additional voltage andlor current to the

el ectrode st OMér addtirgs dnd adidhtades of @iy iBlémh wilPBE Bppdréstto thdsé sRilled in
cross-secti on, nbadj ment, showi_.ng the device of FIGS. 1A

ﬁ{ ¥iem1of anothﬁr & de

and 1 Bhgiarhwiih ierencs odbe Agtaled ?srcﬂﬁ@"lﬁﬂqthiaﬁfﬂ“él 28" VR he subreti nal
space and. a Fra.l1A0% g ABw oK 8phéfeed bbEGIRRAESHONENG PedtiMURSNg BREGSUL e

di sposed in front of the iris, in the anterior chanber of the eye, the bias

phot odi WEARGLHE SNt elegrediedl | ocation of the ground return el ectrode,
and the bi asF0Bagaaie ReWoF RGO AcshdWingRastivaiating Bleaiiéteinitdteet to the
el ectrode stinmulating unit in the subretinal space. DETAI LED DESCRI PTI ON OF
THE PREGERREFFHIOIEIIOERTFERef erring to the drawi ngs) as shown in FIGS. 1 A

and 1 B, theFmm. efgs 'ég}krﬁm@f Rkl Bktehfibh Bbthe Prafeeed ddbddmentssthatrul at i ng
el ectrode unit 12 and a 03 0 VvV 200 curved ground return el ectrode

. i N -5 oound
uni t 16PRSIEIN AP BleclpirallyRauRies 4 f’t?rﬂfPH‘ﬁ‘gre&H“ Elpstredr Hnit o RICEHIA andt 1 R4e
devi ce sm¥ndthenostibh @neé gronm Rueh BldctisdsirRirthBeinfytfe 3doss Lavity f he@yROSI t €
or substantlgkéy QngSIte si.des of the neuroreilnz. The two conBonents 12
and 16 are pr&t-@BIpAPrtfyRaciangl yiew gf the il exteggion of fheqirefefrry FmEPHIMERES- chi p
substrate 1lFidWis amsrdieclivdiibw 3h6Wing eatadlerlerision @f FIGS) 2JacindezB hwaabaer .
The stlnuLatbﬁ%pelectroqgﬁynlt 12 |ncludﬁ§ an array of stinulating

el ect r olpdned retugpelegiiade il 685 ofA 8P Bbr nore el ectrical sources such
as a phot odeFgs: 40 aQergpeetiadaé® of ahdher) émifodihentesidingieetimiiRitihg t he

phot odet ect or s be ippl enented. as m crophot odi odes 233 el ectrically

P onnect Bacds ol bpsated 8 SEruarsian HePria Py RALrBPEEDT Balow R e et s at

| east oeoreit dnddihe/ héluraletifd)! dritl thg 6BMpBtIRY elebrdde subOhitd fabicatéd gtethés and nerve
na. The ground return electrode 14 is preferably

fibers o{ t he neuror%r

di sposel? eﬁe%pgﬂgggs?ﬁbeweﬁ. of the ground return electrode unit 16. The
stinmulating el ectrode 23b and ground return el ectrode 14 are di sposed on
opposite sides of a neuroretina, or if the neuroretina is partially m ssing
or damaged, then on opposite sides of the remainder of the neuroretina. In
a preferred enbodi nent, the stimulating electrode 23b is disposed in a
subretinal space of the neuroretina and the ground return electrode 14 is
di sposed on an epiretinal side of the neuroretina. In another enbodi nent,
the positions are reversed, with the ground return el ectrode 14 being

di sposed in the subretinal space of the neuroretina and the stinulating

el ectrode 23b being di sposed on the epiretinal side of the neuroretina.

Al so as shown in FIGS. 1A and 1 B) exenplary conponents of the preferred
enbodi nent of retinal device 10 includes the thin silicon substrate 11,
stinmulating electrode unit 12, stinulating el ectrode subunits 22,

m cr ophot odi odes 23a el ectrically connected) for exanple, in series, within
stinmulating el ectrode subunits 22 and an iridiuniridiumoxide stinmulating
el ectrode 23b of stinulating electrode subunits 22. The m crophot odi odes
23a or other electrical source preferably provides stinulation to the
neuroretina fromthe subretinal and vitreous cavity sides of the eye.

Al ternatively, The electrical source could provide stinulation from outside
t he



0 3 NOV 200g -6 eye in response to incident light. For exanple, the

el ectrical source could send signals proportional to sensed incident |ight
via hardwiring into the subretinal space and vitreous cavity @ﬁ3¢@@\bﬁ@04|n
anot her enbodi ment) the electrical source could transmt a signal n a
wirel ess fashion to the eye using, for exanple, radio frequency (RF) to
send signals to a coil located in the eye that is in conmunication with the
stinmulation and ground el ect rodes. thqa_knomm mechani snms nay al so be used
for providing electrical energy to the eye in response to incident |ight.
Al'so included with the ground return electrode unit 16 is a silicon nitrite
stress |ayer 17 tppsSPARTRGAB ¥ré hipFiddSlasr sHaNskdtRIng VieklSrdspetvelpi t 16
in a generalléwfurved_shape to direct the ?rounq return el ectrode unit 16
into the vitekbaenbodiment af FiGudiwhere dhe stioiuwalingselestrode cubuniés ef theode

ool ed_or ounctBiatblsetFod ik Bre BRI EoRlEER of Bes Ptpfftepiaste o o
di fficult toelghidafificonnébRdih@enidsitelintrBast fitd veksgd dutputiif@enabl y

produced of an iridiumiridiumoxide and includes a titanium adhesion |ayer
14a and a P+stinylating eleetpedeesulbunribr a titani um adhesion layer 14a to allow

el ectrical contac i 0 .St r T etinal, device
10 al so preferabl Filq“\ﬁnécFkuég&%’%&ﬂl@@”@%&fﬁ@a@%n%%‘rQ'Hﬂﬁhéﬁgﬁlvﬂkrbg t he
stinul ating stimalatindelectroédd dnit it subiretinal spatecdit Argrdandtblurd6. As shown
in FIGS. 1A and 1B, the stinulating electrode unit 12 includes a plurality

of stinul at i eleckipdetaf Hor geimchiatdrpeleptiode yindrexpeseddn thevitiaapissiavily.odes

23a electrically 0, j ' E [ N | ectrode
subuni t 22 The pf RFeg Fod Cronpie bRl v BRI, B IS 5 S8 O " er

m cr oel ect r odtachsutailtex@Ensidh of FAESr 2Aaind 2B. m cr ophot odi ode are) for
exanple, fromthe_jncident [ight surface, the jridiymjridium oxide

el ectrode 23b) ti Fk% tl‘ﬁ Qd’ﬁ%%q'ﬁ?f-’tl%@:lzy'%e}, a'ﬂﬂth?[uﬁ ,'m?ﬁLrﬁhﬁﬂ"@Q thger 23e

and the sili eeﬂcélbwleist.%lénd Tg%mweéhiei &fbddst aﬁh@ it i L@Q&%ﬁ%%@ t hat

ot her arrangenents cou d be use re the mcroelectfFode subunits are
subuni t s capaubretioal space and agrotind refuca klantraderioop Af the ghound retufil GS. 1A

and 1B, the %{90 ng return el ectrode.unit 16 .preferably includes a
posi ti oni ng AGCHCO98 YHEHISRP? VITEOH$,GAVillavi ce 10 to be 0 ~ N OV 200

-7 posi tioned witFIGNSi¢ HEROESsAGdn vRW 6P ANothEP BrafeeatbmBbdimbrft! ect rode
unit 16 in another enbodi nent includes notches 26 that allow a secure fit

for attachmefbewingtherdavice et Fi&spotiangd 1B withwsstimulatingtelectrodertipitt he
not ches 26, j i il b . L | 2A. and 2B,
Rta - ext entiiAnBs! 3G, subrdBHd) pBb8 e |itne oS iBLAE Al Fupdityd
el ectrode unta abﬁas{ phomd(ijdde ﬂilsﬁﬁseclim ﬁmdghs?fptsolemﬂthgc{aygngws@bmzt ri gal1 3)
termnation @ round.return el ectrode own in : an
for exanpl e) p&ﬂ F‘ﬁ'?r}@"l"ﬂ%'{hﬁ extepged locatian ééB?th@P”@fF@ﬁ@ pjﬁpt@deﬁ he

4 el ect \ . et \ oo
ndestrabl o o ol PRRRoHIGdeSHsTIdhiY SiRBRY| WNCEhaRs el B el . i g
towards the glastnodecdtivuslatiog unibin theasuliretindl spasstric field is |ess

fficient i timdating th i dt 1 el ical field

that 15 arranged 104 PALOFSRORAR I B SRONE RPKUTPBHIIHNANS 18 f ace.
FIG 2Ais adplies ofiRBSANA &hd>1 B3Rth fts atifiuliting @I’é’%:t?gdté)%itti?d lateHgA e 30.

The tail extension attachnent 30 is constructed o i oconpatibl'e materi al
31, such as PdpRgtieabspaceasdm tail extensionplactigallyraanmectingdo @ biaspr ef er abl y

manuf act ured _wit b he tail . ext.ensi attachment 30 o includes
an enbedded 8@%’3’&‘5‘%&%’%3?@'ﬁf'8&8f‘3\9 'ﬁﬁemsotﬁf"‘ %&r@qmggp ng?\eﬂ;e, he
term nating bhasaplictotioekt ssmainihgiheleden@éd IdtalbATf R Bréindfetlfn Near an
end of the tail extension attachnment 30, preferably to’locate the el ectrode

as far into elfetigde; apddhe bias phetediesleprovising additionalivoltagsandior chierenti |
ext ensi on at i igned. to el ectri.cally contact the ground
return el ect?%ﬁg%%gaﬁgﬁ Sﬁﬂ‘eﬁ?s‘i{ﬂ? ”%5’({03% %"fcprgt'?%]c 30 is attached to
the ground return electrode unit 16 (shown in FIGS. 1A and 1B). The tail
ext ensi on gr DETAHIEDDESCRP TIONOFTHE PREFERRED EMEFODIMENTS ri di um

oxide, or other suitable electrode material. . Also referring to FIGS. 1A
and 1B, the tai( &efemdigio thetdrawirngs; a8Ghbasm in HIGSc A 3ad tIB)tthé prefemedr t he

round el ectrode unit, 16 to tabli el ectrical contact with the ground
?et urn el ect pgg{pd_"men‘ ﬂ&%‘@aﬁ%‘”ﬁ‘ééﬂ?a%ﬁs my? ingt plesireds L!IBt)W\,ﬁf_‘ﬁgl‘? fit

into the notches 26 of the ground return el ectrode unit



16. The protrusions 38 are preferably constructed of a bioconpatible
material, such as Parylene, or a sim/lar bioconpatible material. The tail

0 3 NOV 200g _$_ extension attachnent 30 includes a slot 40 t @ Na@k/oﬁ@ﬂlr
the positioning hole 24 of the ground return electrode unit 16 to be access
by an instrunent (not shown). FIG 3 is a perspective view show ng the tail
extension 30 (shown in FIGS. 2A and 2B) electrically attached with the
ground return electrode unit 16 of the 45etinal device 10. The conductor 34
of the tail extension 30 contacts the ground return electrode 14 of the
ground return electrode unit 16. The tail extension 30 is preferably curved
t o position ¢urvedgoound retum electrederunilel Beornfigured fier implastation intuidrnyeyd t he

. Th killed.,in t t wll| i.at e .t hat h f the tail
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12.is also shown. F 4 is a perspective view of another enpodi nent of the
retinal devieemnponenisi? and #bGEe praferably physicalty: falvinated onsa singlel thirel ed

orbodi mont -+ AL PR RBATT ka3 BPge e <sPatln. ahd Risliibinsct
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electrode unit 12a is fabricated as a di sk-shaped web 17 to all ow
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fabricated nEenRestedJoESXaRP!adn SEMes. 4A is a nagnified plan view and FIG
4B i s sectional vi } | 44 1ands! ] : an
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within sti w?aﬁdm&ds@mé@ﬂ@déuhmi& Prdsfirfulaling ¥A66trdde 280 bRl igraiahd age  of
each stinmul ating el ectrode subunit 22a. The stinulating el ectrode subunits

22a contact fetuBhelestrgastdiarestispeses onopposite sidesraf acnewaretingc or if tihej NOv

200 Pr ef : t act 28c are
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skilled in the art will appreciate that other elecirode materials) f
exanpl e, noblseefthenaurReetisbat i num and tantaliun) may be used. The conmmon

ground conduct or St i t4 l,ect rode, subunits 22a rm nat es

el ectrically) for %ﬁg%%l%g%&'BMawgﬂé@r 88%%‘”%%@%%? 8%1 ©14a of

the ground r ¢jrefefred Srhboaitentdf retl®fl devite\D intludes thé thin §licon dubstrate

cross-sectional view showing the preferred enbodi ment retinal device 10 of
0

FI GS. 1A and ipslimplatingeelertiode ani\i2, stipulatingrrleerode subumits 22.ect r ode unit

retina o gmierosnotsipfbh 235 EAeaRECY TR A Tol BYampRs i Batks. VA 15 1
the vitreous stimulatingélectriodbtsuboniie 22%mdea RididrnAriéiuem xiderstiviiatidee cor nea
58 and lens 60 and are focused onto the stinulating electrode unit 12.
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Alternatively, The electrical source could provide stimulation from outside the



64 and an optic nerve 66. F1G 6 shows a cross-sectional view of an

al ternate enbodi nent retinal device 10b, including the preferred enbodi nent
retinal device 10 as described in FIGS. 1A and 1 B and ot her fqg}g}vj@?

al ternate enbodi ment retinal device 10b includes the stinulati t

unit 12 disposed in the subretinal space between the neuroretina 50 and the
retinal pignment epithelium52, and the ground return electrode unit 16 in
the vitreous cavity O ~NOYV 200 -10-64, with attached tail extension 30
of FIGS. 2A and 2B. A purpose of the tail extension 30 is to electrically
extend the |location of the ground return electrode further into the

vi treous cavPY§inrespengedq dngidentdighty Fer example.dhe eigctrical sousee codldf i el d

bet ween t he | ' =Y ' : ro eturn el ectrode
ani ¢ 16 ast RehdFigle Broploffiordt 4 sHRatd Feidkdil oRF v Rt gl
non- skewed ekebtetinabspdue and Witteous eritpofiths ele! In anbiier eABRliRehldhe
vi treous-faci g surface eff|C|entIy stlmul ates remaining neur or et I nal

cel I's. For r8festrica sopiseseid transmit a signab ina wvirrlessclashian tofthetayeayaing hat
oha the i nei %’@rﬁrﬂ%”@ﬁﬁfgg‘*&@v bR o5 Slang B S0l BRGSO

anot her enbomamtn cdmtrhmucaitorrwith diwstlmulbﬁ@nl amd gdund dlsetrad . cOfist

enbodi nent Etl nal vice 10 as g‘;@scrl be&l 88 égand 1 B and ot her
features. Th "%WFrm? NIFME Ry AReDPe HEe EOZ Rreviging,elestiicahenprgydaphet i nal
space bet weegyé e ré ek ed iinGdeRt | the retinal pignment epithelium52, and
t he ground re¥urn I'ect rode unit i's disposed in the vitreous cavity 54,
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posi tioned i théfbll‘ﬁ'du"r\%?:l@h&ﬁé td Mireéﬂhetd?éugt?@ﬂ Er%derlﬁ'ntptébein% fl'g&eng of

the stinmulating el éctrode unit groun e un
reversed. A piliesvscayity: Adthougp aecwemtmsts)thetgs@undlelemmcmwsmmmsmthe to

electrlcally f 1 round return el ectrode further
into the vit? i?gggcaa\R/'n?yé@%?éL’h%B?%CQHQMHS%M asgn é‘vefﬁdyg gH8dosed
ground el ect elmbtrdde td”lﬁet\fomn tivel sam@uhitions| Ritingy be o &EflRURt fb’r’dncate
stinmulating ijlhectro ay_ aids, the maintenance of a tranretinal

stimul ating 8(9'PPE re F%Phathd& Hrispretsrablyprodueed of an indiveyiridisineo t he
neuroretinal g ﬂta‘ﬂlu 'HE‘F@SI&H Ir':zg??ﬁ% %@Hré B3lyh ﬁh%ep%saetd ve to

the neuroreti naI sur ace ef%men st nmu neur or et1 na, '‘as
conpared to, uhder ai&mhm)amesnamntamnnaltoallewelectaicaf centect With thesdepeaed t o

Structur es ofERR SUhaia:t TaToBIRBRA davica G e RefersBly Wbluses s sifean, o0
_sclzller a 64, OomigdeRIYER 16Gharmstites fifd &ﬁﬁala'uhg e dtfBRREGNIP P2 andGrBuht ©Y 2009
retumn electrode unit 16.

As shown in FIGS. 1A and 1B, the stimulating electrode unit 12 |
includes a plurality of stimulation electrode subunits 22 having one 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 microelectrode subunit 22. The layers of the microphotodiode

* are, for example, from the incident light surface, the iridium/iridium oxide
electrode 23b, titanium adhesion layer 23c, N+ tub 23d, intrinsic layer 23e and
the silicon substrate 11. Those skilled in the art will 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



FIG 8 shows a cross-sectional view of yet another enbodi nent retinal

devi ce 10d including the preferred enbodi nent retinal device 10 as
described in FIGS. 1A and 1 B, including an attached tail extén&iN@\é(ﬂ{]D#
The tail extension electrically connects with at |east one bias' photodi ode
30c disposed in the I ens capsule 60b of the eye 6, the bias photodi ode 30c
containing the extended | ocation of the ground return el ectrode 32b. The

bi as phot odi ode 30c provi des additionaly.voltage andlor current to the

el ectrode stinulating unit 12 in the subretinal space. Additional
stimulating voltage and the resulting current may be required to stimulate
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an el ect ri caf thatailcaxtensiohedtachment S0, ptdfeﬂab[ygtodbeaﬂerthéeeleohmtaetfaw th the
el ectrical squrgce;.and at l.east one lgr nd re gfct rodg? connected with

the el ectri é%[p t@gmt&pum\ptg@.ﬁ possib e con uc{or e tail extension

attachment 30 is designed to electrically contact the ground return electrode
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
protrusions 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



the stinmulating el ectrode and ground return el ectrode are configured to be
di sposed within the eye on opposite sides of the neuroretina. 2. The device
of claim1l wherein the electrical source is a photodetector. @% 'mﬁvjrmﬂqre
of claim2 wherein the photodetector is a m crophotodi ode array’ a

device of claim1l wherein the stinulating electrode is positionable in a
subretinal space of the neuroretina. 5. The device of claim1 wherein the
ground return electrode is positionable8n an epiretinal side of the
neuroretina. 6. The device of claim1 wherein the at | east one stinulating
el ectrode conprises a plurality of stimulating el ectrodes configured in an
array. 7. Thextegesipgati@chaeat 30inolkdesiasliotd thad aliowsdhemositioning hoke 24

i ai m1 wner S fIERLTR B PrebrbhbuiraL T BEKe podes by Bontsrudent tints poscd
within a | enshovapsul e of an eye. 9. The device of claim1 wherein the

ground return electrode is configured to be disposed in an anterior chanber
of an eye. 10. Th&l@ediita perspectivie \dewrshowing thectall exdension30s(shown in

i ted 2 1 |t ai
Gl be Cang FIES 3a ARG 28) bicotiaf ot dchah Wi 3¢ BEASH @l E1eRAiGHE (i ' ©
el ect rodedfiriﬁlxbi;]ﬂtEBCEt' i:nalsct:iwibe 40e W?cm?l{(ﬁm3% Dbtﬁeﬁtai“mf : hsi@ﬁi@()Q%orﬂactls
correspondl n ot ogetecto n 0] (0] al C evices 0 e eleclirica
ot el "RelorRl0d Fettih Slackione T G hegrauc Gt Slasdioste, Ghit 484 The tail
hot ovol t ai Cag@Mii i el b i th
P ot | o "OHEHSIER R RRABH Cubiex 1 Bosiioh R o e Bletiade 32 e

phot odet ect oinfo thiteotitreous aavitydefiheeeyen dThoserskited npthel st wibdppriciateahhi gur ed
to be di sposelg on,_an eB't){eti r?al or .subret.i nal %Lde of the neuroretina, such
othe herfe

t hat i nmages [§hapes, itgxtengion copldhfwsed,ag leng as the sharati on of the

phot odet ect o PN | | 3 u | mages.
13. The devi%oes;sm%% cl a%ﬁ?g?&%ﬁg%&g@%@g@(ﬁeg\ﬁg #’ig‘rgﬁot&gﬁi 2@% i's

el ectri cal | ystinaulatiog eleatodenanit 12 s alsoi shpwal.ect rode array to provide at

| east one of additd,Qangl. voltage and .current to the stimylating el ectrode
array. 14. The deﬁ@eﬂ(ﬁ ag‘f%ﬁﬁ?‘i@%@\”@ﬂ?mera‘?mﬁgé'g?er%r?g tia‘?g‘ét“lﬁiot odi ode
i s confi gur edevice 10 sowoingElGS) A ah@aB. IRE compondnits _ﬁfé’ﬁatfe?%d bi¥inBather | or

to a lens cagqs{gl e, _wWthin the |lens capsule, behind an iris and in front of
the iris of eyeference numegalsfellowed by 4 lpiten  Meinative smabedient retinalage

conneot | ng. t foee PAIE R & e proBHed oo SnRENTSEA dUE T SBREPGM  ne
phot odet ect oFIGB.d1 A kodolR)| exeipt thatitise 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 Ill — lIl 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 stimuiating
electrode subunits 22a contact a common ground conductor 28d via a contact
pad 28c.



16. The device of claim 10 wherein the array of at |east one of a

phot odet ect or and phot ovol tai ¢ device are configured to be di qsgf Vn ﬁ
subretinal space of the neuroretina. 17. The device of claim ih&r(d 2 Bé
ground return electrode is configured to be di sposed between a
choriocapillaris and a retinal pignent epithelium 18. The device of claim
1 wherein the ground return electrode is configured to be disposed between
a sclera and a choroid. 0 3 N OV 200ggl5 19. The device of clainl wherein
the ground return electrode is configured to be disposed on a sclera
surface on an outside of an eye. 20. The device of claim1 wherein at |east

one of the stimul Bteferalﬂ]ﬂm@coxmabn glownd coindlatiop@8d arfd m&t@;%@%& @rde
di sposed on Iheq?ﬁ%retl n side of the neuroretina and is supported and

posi ti oned bipsdiated,dyriag %Wé‘?%‘r‘?”i fyfenpledi sitisprodioxide 2@ depesiipapoed on
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chori ocapi | | eonrecied eteatrtallydh serigststabelsd; tiedy ave the N+ Tyergad, gee §f claim

20 wherein t r.ound return ectrode is configured to be di sposed between
a sclera andR'Q g"ﬁ'&ﬁ%‘l ibsprgte ?ﬁg ﬁ@/‘ﬂ&’@séﬁ layergds. anddherRt faye@4gk ound

t | t
it 51 e of - aqeRauttont 27h, 2615 8f% bRty B8RS Whel I YR G st
el ectrode i sdioxids iia,e28a to dlectiically senndst the adjasenhmidrophpiodictidss24 b, a
tinal pi t L th .' 25 T d f cl 2 th
ti mi at | ng. 2pe AT BSURNEE Ty slan BoYES 47c souBt Suicheldr #1 "Theer a and
the chor oi d. s@ifiulafing alesticde 2? dfbébﬁ%tlﬁﬂllé‘tﬁﬂﬁé&réd@séﬁthﬁiyﬁ%'lé‘g el ectrode

is configured to be disposed on a sclera surface on an outside of an eye.
27. The devi peeferably abmcatqm&em indiune/irigiwnraxideedepositedeaverediitaniinconf i gur ed

L. P o 57 Behdof IR SR B4 SR A R PR o an ey
the artifici plateddls faor exdmpte,awstie natal: likarpl&tireh BhE3An@MUhE fray 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 return
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 pattern 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 retumn electrode unit 16 in the vitreous cavity



at | east one stinmulating electrode connected with the electrical source;
and 0 ~r~ o~ 200 16 at |east one ground return el ectrode coGnecnyvv2004
the electrical source, wherein the stinulating el ectrode and groun

el ectrode are configured to direct an electrical field through the
neuroretina, wherein the electrical field is substantially perpendicular to
the neuroretina. 29. The device of claim28 wherein the electrical source
is a photodetector. 30. The device of el@i m 29 wherein the photodetector is
a m crophotodi ode array. 31. The device of claim28 wherein the stinulating
el ectrode is positionable in a subretinal space of the neuroretina. 32. The
devi ce of cl afiwitig aliaehed tait exdension D ofdtiGTH 247 and 28deAipirposeé of teatalile i n

an epiretina ' . | T eyice of clai.m 28 wherein
the at | east g)ét%}e‘g@tn?grpuf{ﬁlé]ng&%%@ #@%Bdi@ clgggﬂ O\efﬂb? gF%h_"?ci gptg*n stinul ating
el ectrodes celectrgdedarther iato thie vitreoGdcalities 4l &y prsvedt skéwing eftheher ei n the
ground return el ec_trg%g Is configured to be disposed in a vitreous cavity

of the eye. Ygnsrefipalylectic figld ng’f’@ﬁ'?@‘%@wé'ﬁﬁ"g etecifosiendnit 42 @nd tbeect r ode

i's configure | L ‘ f 36, The
dovi co of or GsRubIRertuatig 18 & hEecRE I RersBE di¥fiondtiFea (o be
di sposed i n neumnetina 60. dhnohakewbdtelectdval fiehd that e pdmeanckicutar © them 33
wherein the el ectrjcal,source conprjses at |east one photodetector) and

wher ei n t he BeUTorglina yitreousrfacingsuriace eficierthestsnulates eamalning i ng el ect r ode
array recei Vﬁéu@r%iir?ag%ﬁg%”gggféef‘é%ﬁo%gﬁurﬁﬂge&%ﬁ&“ﬁeﬂé Wt RfuirdsSFthe e

phot odet ect or.

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 cross-sectional view of another embodiment of the
retinal device 10c including the preferred 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 retum electrode unit 16 is
disposed in the vitreous cavity 54, including a tail extension 30a that has a
generally looped ground electrode. Although the stimulating 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 electrode 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.



38. The device of claim37 wherein the at | east one photodetector conprises
a plurality of photodetectors, and wherein each of the plurali b%/QoN 2004
phot odet ectors i s di sposed proximl to one another adjacent toLt# oV
stimulating el ectrode. 39. The device of claim38 wherein the plurality of
phot odet ectors and stinulating electrode are configured to be di sposed on
an epiretinal or subretinal side of the neuroretina, such that inages
focused into the eye will produce an afEla of stinulation. 40. The devices
of claim 37 wherein at | east one bias photodiode is electrically connected
to the stinulating electrode array to provide at |east one of additional

vol t age and curre%i G & shaws# ciassaectignall \dewrad yet another etibodihent esting of
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within the ||ﬁrHGSaﬂ$\Ld\m1B§h1dl§Htagahrat&cﬁ@d tame&femoméobh?héiélﬁ of the .
eye. 42. The device of ¢laim4l erein at | east one of additional voltage

and current fengiepelestically cannests with &t least enedias photadiode 30¢ dispdsey

SPurart 1y ofing lersSsu k80D S n @ A0E S b Fiab brtlodiBaE Sl Corthining the
| east one pkmttedtﬁcblmatlomsfmgrcgmrmtmm dlectiod®82bAThs bias phétedidtR Space
of the neuro(gélna 44, m 28 wherein at | east one of the
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chori ocapi | | ¢4 jrSthafibfe | wqm e f claim
28 wherein at | east one t'irﬁ#l SP%EG}; zi};snta?gtr%e grﬂo dol@ urn Ifgg?é%s&gtg&

confi gured twrmtdma;)pbeeelqlmmd/\mastlmum mareaederely iantagbd iinaghe deVI ce of
claim 28 wherein_ at t he at | east on% round return el ectrode
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| east one stinulati ng el ectrode and he east ‘one groun
el ectrode i ssefmsforgmrelbelmnﬁgucatwpoaeds knowhén &xe ady tmarowdeiﬂleahctéased

neur or et i na. T, 47 ere| n_at 0 f . the a
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chori ocapi | |@frthe eya® that aré shbwn 8RN conidss ||H§1624%c|978%4dﬁéuﬁﬁef?ﬁa claim
47 wherein ?st Qne o{ the at | east one ground return electrode Is '

configured t iRpligrent srith@!kim 525 eptic Beniet6, antdthe @Cld@@t lightdmagesce of

claim47 mhesgln at | east one of the at |east one ground return el ectrode
is configured to be di sposed on a sclera surtace on an outside of an eye.
51. The devi ce of Ft(Ba9thWSvmemsmemlohala\ﬂewmfeyed)bnbtlwieraémb@@ﬁiemm@tmal

stinul ating Iect S,.CO u dtob | spgsed between a )
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47 wherein &h F1e%stA0aRd 9B, BRE aﬁfaﬂt@c?féd t%n%xﬁdiéwﬂ\ %bH’lHa?éféﬁfrfc%ﬂfr' s
configured to be disposed between a sclera an
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 32c, and the bias
photodiode or photodiodes 30e to 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 cornea 58, lens 60, sclera 64, neuroretina 50, retinal pigment

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



53. The device of claim47 wherein at |east one of the at |east one
stinulating electrode is configured to be disposed on a SC|eraUSHerFF‘2UUﬂ
faces an outside of the eye. 54. The device of claim 28 wherein at '["eas
one of the at |east one ground return electrode is configured to be

di sposed in a subretinal space side of the neuroretina. 55. An artificial
retina device to electrically stinmulate a neuroretina of an eye) the
artificial retina device conprising: anlé@tectrical source; a stimulating

el ectrode connected with the electrical source; and a ground return

el ectrode connectgd Wwih the electrical source, wherein the stimnulating
el ectrode and gr oﬁrﬁim‘ éﬁwe&f@e rtB%feca}'ﬁ—’rrth@cﬁﬂd Hedificationsdo e posed on 0
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chori ocapi | | aré sontathdatedt ilthisl thpiefornintendeadthat tive fdrégoifigedataitéde of claim
51 wherein t nd. retur | ect rqde. i s gdapted. tq be di sposed between a
sclera and aggﬂ%ipgilgﬁq?ﬁ rqq?éagég_s @éﬁﬁﬁ& 8 r@baﬂﬁ'"ﬂti%ﬁlvrﬁ@l&ﬁﬁgm n the
ground r et ur gn@éSddlERt i i [ e on an
outside of the eye. 59. tk}ﬁ%%\%?@”% cm?"m 1 \Aﬂ%r%gi%utﬁﬁdég@ Iﬁrrll%llié i ng

el ectrode isi io defineethe spidband secope of this inentionapi | | aris and a
retinal pignent epithelium 60. The device of claimb51l wherein the
stinmulating electrode is adapted to be di sposed between a sclera and a
choroid of the eye. 61. The device of claimb51 wherein the stinulating

el ectrode is adapted to be disposed on a sclera surface on an outside of
the eye. 62. An artificial retina device to electrically stinulate a
neuroretina of an eye, the artificial retina device conprising: an

el ectrical source; at |east one stinulating el ectrode connected with the

el ectrical source; and at |east one ground return el ectrode connected with
the electrical source, wherein the at |east one stinulating el ectrode and
ground return el ectrode are configured to be disposed in contact with the
eye on opposite sides of the neuroretina, wherein at | east one of the at

| east one stinmulating electrode and the at |east one ground return

el ectrode is adapted to be disposed on a sclera surface on an outside of

t he eye.



63. An artificial retina device to electrically stinulate a neuroretina of
an eye, the artificial retina device conprising: an electricalgf@uigﬁv 2084
~ NO V 2004 20 a stinulating el ectrode connected with the ele

source; and a ground return el ectrode connected with the electrical source,
wherein the stinulating el ectrode and ground return el ectrode are
configured to be disposed on oppositye sides of the neuroretina, and wherein
the stinmulating electrode is adapted to be disposed within the eye. 64. The
devi ce olEatliIM:63, wherein the stinulating electrode is adapted to be
positioned within a vitreous cavity of the eye. 65. The device of claim®63,
wherein the stinulating electrode is adapted to be in contact with an

epiretinal  suki agificigifretiedelicR to @fbctiitamy stitmilste adfeutdralin® &3n syeas prdutbe
sti mul at Ir{]f%fazl sectr&\‘E fét(s ?dei ted to be pqgsitioned in a subretinal space of
the eye. artickl T ﬁaﬁewﬁwm NE2 A |.AF.A .. A[S9.AL(, .A A
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at least one stimulating electrode connected with the electrical source; and
at least one ground return electrode connected with the electrical source, wherein
the stimulating electrode and ground return electrode are configured to be disposed within
the eye on opposite sides of the neuroretina.

2. The device of claim 1 wherein the electrical source is a photodetector.
3. The device of claim 2 wherein the photodetector is a microphotodiode array.
4, The device of claim 1 wherein the stimulating electrode is positionable in a

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 vitreous 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 to be
disposed in an anterior chamber of an eye.

10. The device of claim 6 wherein the electrical source comprises at least one



slz}. ?

'} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] c6a] ca] ca] ca] ca] c&a] ca] ca] ca] cf 6a C T
a% ca] ca]_c!a] c}a] c}a] c}a] c}a] c}a] c}a] c}a] cTa]c8al! " I'I"-""""#$VES$79 ﬂ+g- Nc@\y%@@/&
@ @xAAB} xsni d_Z] ca] ca] ca] ca] ca]c(a] ca]ca] cal]c&a] ca]ca] c(a] ca]ca]ca]ca]ca]c
(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! BNCCr DGGHHGE Ul YI , KLORRR'R| TTWV
] YwYYZMZO[ >[ O] ] 14

AN*} xsni d_Z] ca] ca] ca] ca] c&a] c&a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca]
ca] ca] caphdedatectrarjdrijotevlisit dayica japd HunatNeasPaand SiredatirgEdéctiddarof thenm
0lo40=00 * :

t} xsni d_%@@?@ﬁ%gﬁt@gfé %ér]a(ylé?cceé\jeggfl(t:aﬁe c""‘zg‘]d chfrgrét]f(r:ozﬁ 8&?%%]08%’{%& ca] ca] c6a] ca]
ca] ca] cataredspahding pBetbdetbctal ara phwtavaltaic devices of the electrical source.
tttttuuvwxyezzN{{{8|d|r|u||]|}(~~="ek}xsnid_Z]ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]
ca] cal ca] ca] calc(a] ca]ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]ca]cal]ca]c&a]ca]cal5Gsc

P( g} xsni t11.Z] c@he déded ofadaifal0owhereih died piaitmxmlem}rcam}jcph])tom]ﬂﬁ da]ﬁe(a'%aca} ca} ca} C
: laZFf & el Mhc” Y] ca] ca] ca] ca] c
2} gg} g? Lﬁ’?é&s}}dﬁéﬁ%f@ﬁ%aﬁ%iﬁ géﬁ%%ﬁ%ggﬂ t@%fﬁ'ﬁ]"@éﬁ%@@% 8a] c&a] ca] ca] ca] ca] ca
] ca] ca]ca] ca] cal,) Ff & . GQRVY: , | wmhc”Y] ca] ca] ca] ca] ca] ca] c*al] c*?] c*a] ca] ca
. . al ca
VG o1 1100 () T BPREES i RaAh MR BT B ERhEEAS B
109%&' () - stivdtitigSgectio@iegirg Fonfiguretdode disposgd drodiegijetingloms0BkRtiggl sideGsfdhe ) - f f

10% () YRl ol imigds 8ot ARG albihuod B Hoblt i Baddh Athe

t 109 ()
photodetector and photovoltaic devices that resemble the focused images.

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.
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electrodes is configured to be disposed on the epiretinal side of the neuroretina and is
supported and positioned by a rigid extension from the portion of the device disposed on

the opposite side of the neuroretina.

21. The device of claim 20 wherein the ground return electrode is configured to be
disposed between a choriocapillaris and a retinal pigment epithelium.

22. The device of claim 20 wherein the ground return electrode is configured to be
disposed between a sciera and a choroid.

23.  The device of claim 20 wherein the ground return electrode is configured to be
disposed on a sclera surface 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 return 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
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the stimulating electrode and ground electrode are configured to direct an electrical field
through the neuroretina, wherein the electrical field is substantially perpendicular to the
neuroretina.

29. The device of claim 28 wherein the electrical source is a photodetector.
30.  The device of claim 29 wherein the photodetector is a microphotodiode array.

31.  The device of claim 28 wherein the stimulating electrode is positionable in a
subretinal space of the neuroretina.

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 to 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.
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disposed proximal to one another adjacent to the stimulating electrode.

39.  The device of claim 38 wherein the plurality of photodetectors and stimulating
electrode are configured to be disposed on an epiretinal or subretinal side of the
neuroretina, such that images focused into the eye will produce an area of stimulation.

40.  The devices of claim 37 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.

41. The device of claim 40 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 the eye.

42, The device of claim 41 wherein at least one of additional voltage and current are
provided to the stimulating electrodes 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.
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49.  The device of claim 47 wherein at least one of the at least one ground return

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

50.  The device of claim 47 wherein at least one of the at least one ground returh

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

51.  The 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 retum electrode are configured to be disposed on
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57. The device of claim 51 wherein the ground return electrode is adapted to be
disposed between a sclera and a choroid of the eye.

58.  The device of claim 51 wherein the ground return electrode is adapted to be
disposed on a sclera surface on an outside of the eye.

59.  The device of claim 51 wherein the stimulating electrode is adapted to be
disposed between a choriocapillaris and a retinal pigment epithelium.

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

opposite sides of the neuroretina, and wherein the stimulating electrode is adapted to be
disposed within the eye.

64. The device of claim 63, wherein the stimulating electrode is adapted to be
positioned within a vitreous cavity of the eye.

65. The device of claim 63, wherein the stimulating electrode is adapted to be in
contact with an epiretinal surface 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.



