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IBSTRACT
IBJECFOVEESTORE CENTRAL VISIONINPATIENTSWITH ATROPH|
REPLACETHELOSTPHOTORECEPTORSWITHPHOTOVOLTAICPI
STIMULATE THE SECONDARY RETINALNEURONS #LINICALTRIA
MATCHING THE SAMPLINMGRINBEL®O® ANHDEHENCE SMALLER PIXELS
IMPROVING VISUAL ACUITY (OWEVER WITHSMALLER FLATBIP
DEPTHANDTHEPHOTODIODE RESPONSIVITY SIGNIFICANTLY D
SMALLER PIXELS MAYBEENABLEDBY A INCREASINGTHEDIOD
AND B DIRECTINGTHEELECTRICFIELDINTISSUEVERTICALLY
ANDTESTTHE RETINAL STIMULATIOARINANERT CCFASIELECN R IHCO
OF ANDINWIDTH WITHVERTICALPNNJUNCTIONS WERI
THERETINAWASDIRECTED VERTICALLYUSINGACOMMON RETL
AND ELECTRONIC PERFORMANCE OMNTWYWIEARNMD BET WAS 8§ HIAVRAA]
THRESHOLD MEASUREDBY RECORDINGTHE VISUALLY EVOKED
-AIN REGHETPHOTODIODES EXHIBITED SUFFICIENTLY LOW DAR
NMWAVELENGTH AS HIGHTAS INTERNAL QUANTUM EFFICIEI
PIXELSIZE &IELD MAPPINGIN SALINEDEMONSTRATED UNIFOR
4HE FULL FIELD STIMULATION THRES M@ MMWW BTAS LI@SVPABL SE S
INDEPENDENT GFGNKHCHOAEED IODES WITH VERTICAL PnNJUNC
EXCELLENT CHARGE COLLECTION EFFICIENQW IBEREPE NIDIEWNO RO
ELECTRICFIELD PROVIDESASTIMULATIONTHRESHOLD THAT 1€
FIRSTSTEPSINVALIDATIONOF SCALINGDOWNTHEPHOTOVOL"

JNTRODUCTION THERE IS NO THERAPY FOR SUCH SC
OF SIGHTISPERMANENT )NTHESEC

ITROPHIC AGE RELATED MACUL /SRGIMNH 6 ENNENRTANU®DINB EIR$OF THE INNER
LEADS TO LOSS OF CENTRAL VISIUEM DUEROY IDHEGARMDPRORTUNIT®
DEMISE OF PHOTORECEPTORS RESONORATONNCAHVYEIDI GNEBY ELECTRI
GRAPHIC ATROPHY 4HIS FORM ORRWDRANE E,DG HTATG ECQUIRSRENT CONV
MILLIONS OF PATIENTS AROUNDTRARSPEOCPTIOANABOIPYHOREGRECEPTOR
AGE OF AND AROUND = ABRREANMPYIFICATION UP TO SIX ORDERS

C /0 OUBLISHING ,TD
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(a) Planar junction (b) Vertical junction

&IGURBEAGRAM OF THE PHOTOVOLTAICPIXELWITH A PLANARAND B VERTICAL JUNC
DOPED AREAOFTHE SAMEPOLARITYASTHEBACKGROUNDDOPING FOR MAKING OHMI
4HEMREGIONISCONNECTED TO THE ACTOVIEHELEETTURRON EL B/GTRO DHEE N

AFEWPHOTONS PER SECOND TOFPERGFECVURWENTEPFRIOEOW PROSTHET
INE APPROACH TO ACHIEVING THAB BJ&NARLAEMRIIGHTNEIONIN THE PRI
FOR THE ELECTRICAL SUBSTITUPROSTHEE PHUTORRECECUOIRSINS THE
BY ELECTRONIC AMPLIFICATIONING HE SUBRRETINBELWLAHNE LEVEL E
;= (OWEVER SINCE THAT REQUIMRESMPN PEOWHEHR CH:sB Wl ENHMSO RE REMA
APPROACHIS NOTSUITABLE FORISHPATIERDSTWHEREJTEMRTRAL VISIC
PRESERVED PERIPHERAL RETINRERCBIFPABMEHD BXNSOQCHEHLY WITH -
A SUBRETINAL CABLE &OR THIS PERIFPHER M DPHIGEREODCEDPSAS PROVE
WIRELESS SILICONPHOTOVOLTAOF SUERPEHONANY OMAFIAAG REETACEMEN
ATED BY IFIGHWTAGES OF THE VISOUEBP TCENEORAPESTORATIONOF SIGH
TURED BY AVIDEO CAMERA ARERBOOEMBRD WK DIBRSPAEICAEBESOLUT
BY AUGMENTED REALITY GLASSES30NCB AHRUBRES IOIRISFGHHOT IN !|-$ P
TODIODE ARRAY USING INTENSE PELSED HEGCGHN  DRAITMXCULA VISU
TAICPIXELSINTHE ARRAY CONVBETOWIS LIGHHERESGBREHABEAMAJOR
PULSESOFELECTRICCURRENT AMTRCANBITIM-$LWOEHTEBENEMNALSIGN
NEURONS INTHE INNER NUCLEARHEYER ACUTPRIBMAREHED S WHIC
THE BIPOLAR CELLS 40 AVOID PERAEREROTNHINNIHAE L(IGWHEMBER SIMP!
THE REMAINING PHOTORECEPTORIBSEW XESE ESAZNEARWMN AMRAREDAT ARR
NM WAVELENGTH ETRATIONDEPTHOFTHE ELECTRICF
4HIS SYSTEM OFFERS MULTIPLEHAREANRAESIENSC REATSEGUTHE STIMUL
SANDS OFPIXELSINTHE IMPLANPCXANBBS NAT LWRTEHBARBMULIRED CHATF
TANEOUSLY AND INDEPENDENTLYIOBI SXREEDS EREXERIS AIREOF EVEN
ACTIVATEDBYLIGHT NOWIRES AIRREOIDN EF OMA/TEER MXH SC S FBRTETAIRED |IRILC
SIMPLIFIES THE SURGICAL PROCEDYRE C THE EXTERNAL
CAMERAALLOWS OPERATION OVER/ A BN DECRRPANGE CHAMBYVOLTAIC P
ENTILLUMINATION AND PROVIDEHSIMENBI1AODSU STHHEE RELINGA@ETO CURF
PROCESSING OPTIMIZED FOR THEI BNCCAMPHRANMGEEGPONEIVITY AL
IMPLANT D THE OPTICAL NATUREZEGF THEDMPA ARDTFWUARINHER INCREA
TAINS THE NATURAL LINK BETWHERESEMOVEEMEANTSIWADE THE DEV
IMAGEPERCEPTION E NETWORK MBWWAEDLEENGNALSNDMHENCE TH
ULATION RETAINS MANY FEATURMBSOOFM AP RRO X RPATEILNMATCHING
PROCESSING INCLUDING ANTAGODOWNDHETEENTERIS RRAPOANDN IN 3
7= FLICKER FUSION AT HIGHAMNREUWNJENONESQF PHOTODIODES ARE M.
NONLINEAR SUMMATION OF SUBUMICE AMAOJREITYOTGAERSIFETIME OF
JN PRIOR STUDIES VISUAL ACGRHENE RMEEDBUREDRUBRISGN LIGHTLY
ALTERNATING GRATINGS INRMDENTM MBATEHEORBENSITY¥ I'&E§FORE
AND M PIXEL SIZE OF THE IMPRBEBGCOBIBINING PHOTOGENERATED
JN THE FIRST CLINICAL FEASIBIOVERSAWLOSTOSNTIEHIS TECMN@®/HICH
LOGY FIVE PATIENTS WITH LOSSREAHNTRACBHBBEOMNHEUE XOL PITCH
ATROPHIC !-$ HAVE BEEN IMPLASTEDOMISTHHA@ K HLE OFR O®NMSA RD R
MMINSIZE AWNEN THICKNESS HONH3ININGD WOULD LEAD TO SHAR
PIXELS EAMHN SIZE !LL FIVBEPIAWEENTPIXELS 40 PREVENT THIS §
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THENEIGHBORINGPIXELS THE DTOE REIHNOA) VMDHBIESBPARARATEBD @HON
BY BOUNDARIES THAT PREVENT AHGTAB8ENEARARERCHARSRBARED ON N
FROM MOVING FROM ONE PIXEL RETANAACEENT 8 IMNENG CAWVITIES IN Tl
OUR PREVIOUS ARRAYS PIXELS; WhiE R E SSEHPPALFREAMIEENDTBR F FLGURE A
DEPTHTRENCHESWITHOXIDIZERASIMDEWALLGPANB GI1ELYED WTYEH LN NOED
POLYSILICON AS SAOWN=IN FIGUREE HONEYCOMB WITH AN ACTIVE E

(OWEVER THE VERTICAL REACITOWEAINN £ REH ORN BEEESCOTRODE ON
ICON CREATES SIGNIFICANT CRYRTAEIEAMAGRTNCAHEVYDAOMATCH TH
CENTAREAS RESULTINGINTRAPSRNDAR DO E3ABS RIICOUBREIFAIS ENHAN
TIONCENTERS FIOR OAPRIEREINITEISIURRARCEOLARIZATION ANDTHER
RECOMBINATION VELOCNMERHKFATGFHSSATBIRESHOLD 7ALLS OFTHE HON
THEDIODE SIDEWALLSALSO CAUBEILCIAOSSOEAHONCGGENERSTEMDULA®
CARRIERS !ISTHESIZEOF THE PHOXE& 5 EMNHHE R BEVBEY EENGIEDIN N6 NHEA R L Y
PIXELBECOMES SMALLER AGREAHERBRTFIRAULRAMOROROPAREERNS | E PF
TOGENERATED CARRIERS RECO WBIMNETAHTETMHEI & HDEWRA NIGSFRORBEHE -OR
PIXEL PRECLUDING THEIRCOLLPETIOWPAEBHPEREN BRANCINMNEPTH OF
UCH RECOMBINATION RESULTSTNBDEIXEEAGINTCHREBPOESIIABLING Al
ITYWITHREDUCEDPIXELSIZE ULATIGNDHRESHOLD INTERMS OF IF
WITHPIXELSIZESOM RESREOFIVEHNSITY FORSMALLER PIXELS;
JTISIMPORTANT TO KEEP IN MIND BHWJEINFABE ICREVYOOUGBF THE HONE
DESIGN PIXELS WERE COMPOSEWIOHTAWRBEINIOPE ECEBANECDE ON TO
TED IN SERIES AND THEREFOREAME DEVEEONPINMENTWANS THES PAPER
THAN HALF OF THE PIXEL SIZE 4BYERMMTEXHBERFORWAONTHBOF THE PH
SIDEWALLSHELPSMITIGATE THEVHHREICRAD PROMNETAHTOIE BFCEHLECTR
INDUCED DEFECTS ASITRESULTELBCIGROPE® NNSSIUMPTRGN OGFEP TOW
THEDEFECTIVE SILICONCAOWEDABREENEAMRN® VERTICAL ELECTRIC FI
THICKER OXIDE ON THE SIDEWAIIHI OENCREABSND THE PEHEYTMAKE THE
SENSITIVE AREA OF THE PHOTODOIKOFDEESSH QNDADPB ISUCKM AVFTAT ARRAY
SMALLER PIXELS THE DENSITY DEDIWETIFE B OANENONOTRBEN QHEEFSLACED
INCREASES LEADING TO FURTHEIRECO&® DEFECMHOHOBERISERBREY OF T
AREA OF THE DEVICE AND RESULJIMGLINAGKIDWT AN IFAOJAOERDIDF ALL T
STRESS IN THE WAFER MAY WARPFUHE WHEAERILLUMINATION CREATE
BEYOND THE CURVATURE SUITABREG-BIRELDTWOTGRAPIHHE PRIGCKNESS
CESSING IS SIMILAR TO THE FIELD WITHIN TH

40 ADDRESS THIS PROBLEM WIEONDREP ERCEDNEERATIOIN OF THE V
PnN JUNCTIONS NEAR THE ISOLWTTOHNMOUTRENEHDE ATHRERBEBRWS THE \
ELIMINATING THE OXIDATION RBURDEDRBTEESS INNASUNMFRORM FIELD |
IMIZING RECOMBINATION LOSS AONHRMADAIM WINHG -CAANRRTER MB B HEGE O
COLLECTIOMNM FICHRRHCAL PnN JUNETFONGE AIKRMED RETINAL STIMULATI
BEENPROPOSEDSINGERDHELOW DEDOOPBE A BIF LBDASE®R ON THE PRE
LING PHOTON ABSORPTION FRONMDEBSRRIBRIC W BIDEEHORNISN;E4HHOSIEY CO M
APPROACH ALLOWS DESIGNERSHAVCNG @ASEA A& NN ECKINEGTSROBDE DIAM
SILICONTO PROPERLY ABSORB THIEE AVEMEPNGTHOFFNRERHEGID WITI
WHILE INDEPENDENTLY SETTING THEMMEQWIREE ECECVIERBIDECTROD |
SPACINGFOREFFICIENTCHARGE RODIEELCOFOMBYLMEIRAECBURBSE F
HAVEBEENUSED FORHIGH tNAIEIRNBGIEY GOTAE CNERLSNT STIMULATIO!N
HIGH ENERGY PHOMODHICEELMIBEATEO BE ABOUT $WE MMHIGH CRO S
THE EFFECT OF INTERFACE RECBHEBWEEINON EMNEHEHBBORING PIXELS
INTERFACE AT THE BOTTOM OF MONPIXELARERRRYASAFEDIAL RESOL
PHOSPHORUS INTO THE P TYPE DBDVBEE MAFERBERD BEZEHEF A SINGI
DEVICE WAFER AND HANDLE WAFEREWERREQNSEDDY® MCERAMO CUS ON \
THE SILICON ON OXIDE 3/) STRUCAUIFOIN FHREBW®IEDIN A VERTICAL
LAYER CREATES APANNJUNCTIONNEARNTHEHBIAEISBARPACREGPBLUTIO
THEDEVICELAYER SO THAT MINGRIMTYREARR ERSFORAFISMNIGHTOTEGR
THAT SURFACE AREALSOCOLLEEGTERQCTRODES

40 RESOLVE THE PROBLEM WITHA@ SUMWVEAER IZENENTRFAIS ARTICLE WE
TION OF ELECTRIC FIELD INTO EISSIGEHAANBRROANTIOR AMBIEWNVALUATI
PIXELS WE PROPOSED ANOVEL VHREEBLWENSIONATLIOSNS FOR A SUB
STRUCTUREABOVETHEPHOTOD IEDXCABVARR AN TTOIENETNERRAMCENABNH IN TF


https://stacks.iop.org/JNE/18/036015/mmedia

* .EURAL %NG 47 (UANEGT AL

IN/PHTHALMIC ANDG6ISIONRESEARCOHEOERMENEBE OCSIADTHONRIBED IN
FOR2ESEARCHIN 6ISION AND /P WMAHAIRMAOL® GY 126/
AND APPROVED BY THE STANFORD !IDMINISTRATIVE OANEL
ON ,ABORATORY INIMAL #ARE 20Y2AH.HOLITEGE OF 3UR
GEONS 2#3 RATS ARE USED AS AN ANIMAL MODEL OF
THE INHERITED RETINAL DEGENERAIUBEETRHEA2ZASHARIAINERISTICS (
IS MAINTAINED AT THE STANFORDN!EXMAMIP & E OIRBTIYELENRCREBRT ERISTIC S
HLIGHT H DARK CYCLES WDTH FREORDEANDP WVKETESRZESAS $H ODAVNHE
LIBITUME DEVICES ARE IMPLANTABBISOUBRETIWNRREMTAREOTTEMBON AL
PREVIOUSLY DESCRFBER A COMPAHH B LOBBOEXHIBIT THE EXPECTED
THE OUTER NUCLEAR LAYER EVIRERGED BYREETDCALECOIHER THE DA
ENCE TOMOGRAPHY /#4 (2! 3PEANRRBRLTSEEREBRKDOWN VOLTAGE IS
BERG %NGINEERING (EIDELBERTGURBRRONMNOLITIHAGHE AG GIHE SINGLE D
EIGHT ANIMALS WERE IMPLANTEMWDEH DM RIBEPTEERTHE EQUATIC
ARRAYS CONTAINIM® I XENB MF APPROXIMATES CHERARKERISTICS W
N= INIMALS ARE ANESTHETIZHDWHFAK-AO/R ANDRA DARK SATURATIC
KETAMINE MS&NKOGXYLAZINE MG K@! ASSHOWNINTHESEPLOTSB
INJECTED INTRAPERITONEALLY LUINEM INCISION IS MADE
THROUGH THE SCLERA AND CHOROHE IDBMAM IFYSFTAERIOR DESCRIBES
TO THE LIMBUS 4HE RETINA ANBREITONBSLOFIGBHEQAVEMATION IN TH
THELIUM 20% ARE SEPARATEDAWDI HNATNHEN QA BIONEORF RAL REGION
SALINE SOLUTION INTO THE SUBEETHRAM FRACH T ANDTHEEMD@® EL TC
IMPLANT IS INSERTED 4HE COGUBNESIWWNDSITSUARREDIN THE RAN
WITH NYLON AND TOPICAL ARELENANC RBMANDGERACYOLTAGE (
POLYMYXINN" ISAPPLIED ON THEHEYEJRNCITOR BRIATIVMELLYEADS TO IN
4HE ANIMALS ARE MONITORED UBAKXG GRAEMNOERISTUSAINARAECOMBINATIO
THERETINAAND  THE IMPLANT OMEIRESBIME& AN INCREASE IN FHEIDNGRK
&OR MEASUREMENT OF THE 6% 6l ESACIHI QO DN ENMAARW ABBRICATED IN A
IMPLANTED WITH THREE TRANSORMG | WESCRESM EER GHEOBENIMATEL
ONEELECTRODEOVEREACHHEMISE DARKGATHRXTIONICORRENT TO
TEX MM LATERAL FROM MIDLIRBRPOBECAUDAL TO
BREGMA AND A REFERENCE ELECARCREE AVGUMGHATO®GN IN THE QU
MIDLINE AND MM ANTERIOR TOBREBMRNNKOUNOWMINNSUNDER FORW
ANESTHESIAANDPUPILDILATION YMAMIQRBNERA DR H PEHAONIOMALTAIC F
IS COVERED WITH AVISCOELASTCO GEARANELE WOMERHHEH CHARGE ASS
CANCEL THE CORNEA OPTICAL POWERGEROENSH ELNEEG GROWIMES 7E ME
RETINAL VISIBILITY 4HE RETINAIARPMRUAANNCE OHATUHWH BAOEES DEFIN
WITHACUSTOMIZED PROJECTIONTIYE VEIM HCFOENSPIS C TNTGOOTFHA STORE
NEAR INFRARED LASER AT N MF -G RENMPE DUMFUSION CAPACITANC
$),!3 4UCSON !: COLLIMATINGNENMALANWATHEIHREORWARD BIA:
MICROMIRRORDISPLAY $-$% $,0,;IGHI #AOHNEM-ONRMEARRD BIAS VOLTAGE (
J')# 0% #ARLSBAD #! FORPATTEPEINTGOEISENDBNTHREEED 6 UNDER T
OPTICALSYSTEMISINTEGRATED WTEN 8IFLYITNNQWMRAFERESCA TMOERN ATM
#ARL :EISS 4HORNWOOD .9 S$OGHKCEDNVERVMENECHOGFEH BIAS VOLTAC
OBSERVING THE ILLUMINATED RETTANNGHEA A SHHINCAINRBRALY LOWER T
AC! GM.)2 "ASLER 'HRENSBHRGOERHMEASRNINDING 3)2/& ELECTRC
&ORTHE STIMULATION THRE S HOOLREMEBEANURNEOEDNERS OTFHNMEAGNITUDE
D)2ILLUMINATIONISAPPLIEDAT CHARIGH3PAUREE DNURAE QUASI NEUT
TIONOF MSANDPEAKIRRADIANCES RAREDNGFROME CHARGE STORE
TO M7 MMON THE RETINA 4HETIROGBESNMNEINBNJECTED INTO THE ME
ITY INTHE PROJECTED SPOT IS ME@BUREDDAFFIUHH CORBRNEACITANCE
AND THEN SCALEDBY THE OCULARHEAVG NIFRCRAYT OANREOQERSRIEETIME TO
WHERE MAGNIFICATION IS DEFINED AS THE RATIO BETWEEN
THE SIZES OF APROJECTED PATTERNTUBAHREESETONSRAP TNEPHOTC
AIR 6%0S ARE RECORDED USINGHHPHMHCGSPOOREBPONSTEIMY IS AKEY |
$IAGNOSYS ,,# ,OWELL -! AT AVANIBRLCNGXEATEERFORMANCE AND D
K(Z AND AVERAGED OVER TRINA:E SHEMYTIMUOATTERESHOLDS IN
THRESHOLD IS DEFINED AS THE 6P DHAMEBRIMMCBE BXNEEDONG WE EXP
THE NOISE ABOVE THE CONF I BENKND BENPTEENRD/EANLT VOHFITHE PIXEL SI
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&IGUREBGCHARACTERISTIC OF DIODES WITH/P BXEQAVBEINZHEESREFON A ANMEAR AND B LOG!/
C $IFFUSIONCAPACITANCEASAFUNCTIONOFTHE FORWARDBIASVOLTAGE "ELOW
OF THEACTIVEELECTRODES SHOWNBY THEDASHLINES D 2ESPONSIVITY OF THEP
CONSISTENTLY HIGH VALUES INDEPENDENT OF SIZE

FIGUBE THE MEASURED RESPONASISSESYSIBHEPARERAGBGE CAPACITANCE
ATELY '7 WITHALLFOURPIXHESIZEESC4A4HENCEOFTHE ACTIVEEL
INHERENTLIMIT FDIS RESERNBEVERYCREILATHE FOUR PIXEL SIZESBY Tt
ING THE NUMBER OF ELECTRON STRODIEEAREAD T STHHIEVETNHEIRAIVEE RRAEG E
OF INCIDENT LIGHT THUS ACCOONRANGERFRERIUNSSEEBRBPAUINTREASES |
ABSORPRAINDININTERNAL QUANTKYM BW& ICMBEMIOH ELECTRODE DIAMETE
2= ! \n\QRQHF WHBRETHE CHARGE GR@MN ET®IC CORRESPONDING TO PIX
TROIMNS OLANCK SCONSTAETP HHANTBINNGRFFROM MTOHE 3)2/& THICKNESS C
QUENCY IT NM WAVELENGTH TWEASYPPBRERI MHAQFRON WAFER BY
RESPONSIVITQ IBFEQUAL TOONSIIN FIGURE THE AVERAGE ELECTRODI
ERING THE ABSORPTIONIN OURHEWECH S8 EASSFIREOMRIBFEHR WAS CC
IN SECTIONE UPPER LIMIT FOR REWE®BGNSIVITY FOR
NMRADIATIONIS4HUSY OURMEASUWREBESS UNIFORMITY OF THE PI.
RESPONSIVITYCORREBPONDS TOFHANARRARNWE MAPPED THE ELECTR
QUANTUMEFFICIENCY OF BY THE PHOTOVOLTAIC PIXELS IN EL
FIELDILLUMINATION -EASUREMENT
#HARGE INJECTIONINTO THE BERANWMNG AMICRO PIPETWRAINONWE M
#APACITANCE OF THE 3)2/& LAY ERHEEPEWIZENMVN THSLTSH IGISHOWEN IN F 1 (
NESS;, "ECAUSEOFTHE SHADOWANG EPFAEGTIRFEGHEQURRENT AT A SIN
OFF LAYER NECESSARY FOR 3)2/&MP@AOTHRMKINEN TNAE B)3S/MRRIBUTION
COATINGISTHINNERATTHE EDGEROE POH EN E CANRNOEDARTHANNHNGES OF
THE CENTER AS CANBE SEEN INTOERQXCRIOYST G E G EIRONTIRR 8 HQ B/GT
FIGURES C ITTHECENMERGETHMWPECAL WAVEFORMS INDUCED BY A
THE 3)2/& THICKNESS IS ABOUT LIGIHWTBAUIT DEUORRADESNCE AS RECO
BELOW NM AT THE EDGE . ATURICRGPSBRIECTTEHNDOGW CENTRAL PAF
ING AFFECTS ALARGER FRACTIOANOF 8 MALEER BHECHARCODESATELEC
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&IGURE n C &)"CROSS SECTIONOFTHE ACTIVEELECTRODE 4HEELECTRODE IS CON
THICKNESSES DECREASING TOWARD THEEDGEOFTHEELECTRODE D !VERAGE CAP
PIXEL SIZEDUETO 3)2/& THICKNESS NON UNIFORMITY ©™M ABAKNETHETRHWWEEG VEINTHI A
PIXELS GENERATEDBY FULL FIELDRRADVANAEION ARVEF®»RM OF THEELNECTRICPOT
ABOVE THECENTERS OFTHEDEVICES IMNPEARLY MMHEESABE WIS BHARNED WITH | E

THE MEDIUM DOES NOT DEPEND ONP HXBIHEKZEIGENRXBIRMN SN TH EMS/AM K
OURASSUMPTIONTHATAVERTICANILIWALIREBLETEREHED TRNE ANTLIC ATE
ELIMINATESTHEDEPENDENCEOHRRARENEHTRATIUN BEPTAH OMBHEONG SM
FIELD ON PIXEL SIZE )N THE FUTSURR TINIG FECAHURETVER. T BE TRIGGH
REPLICATED WITH HONEYCOMB $ARUCTNREXA WHDHB K LTBMAAEDERISKE
RETURNELECTRODES AROUND EBEHIRIXIEAS A PEAK TO PEAK VALUE
BY THEARROWS 6%0AMPLITUDE VAF
STIMULATIONTHRESHOLD MERBBEBRPWBRARTATIONS INTHEIMPLANT |
4HE ANIMAL RESPONSE TO STIMUDERADIOBREHATIMELIANTHE VISUAL
WAS ASSESSED BY RECORDING RAHIE 6§ %l EBR A MADHECCIGUNRT FOR THE
CORTEX AS DESCRIBEBRREVIONBEYOPULATION AVERAGING 6%0 A
LIGHT WE PROJECTED SQUARBMAPATEDRBWYSTEE 2A-B NDASH OF THE C
MM ON THE RETINA TO ENEFARH FANIIMAOVE RBEBEECTS THE NOR
OF THE SUBRETINAL DEVICES ATAIRRIAID LINNECE RANB 6N RECGWM ON S E
UP TO M7 MME ALSO VERIRINEIMAHATN EACH GROUP HAVING I
THERE WAS NO RESPONSE TO .)2 SMIRINBLSWHERQRGBATIRS REPRESE
WAS PROJECTED ONTHE RAT RESMNWWANOKURSIDEVIAE MNP LANMULATION
4HE 6% 0 AMPLITUDE WAS QUANT IFFIDEBPLASS ABPE AN DIl G APTHEAKB YET HE AR R (
VOLTAGE OF THE RECORDING WINNHANSTRED O BMESMITTMEl N= FOR
WINDOW 3IGNALSWITHAMPLITUDAGREIXEERTHAN WEBISEBS ABOUT
CONFIDENCE SEE SUPPLEMENAABRAMLARRRIDAIA NVCEREN T HEGRVEET | N/
CONSIDERED TO BE RESPONSESTABGVEMIUHRA BIONMUHREIDHNOLD 6%0
THRESHOLD LOGARITHMICALLYWITHIRRADIANCI|
4HREE EXAMPLE 6%0 WAVEFORNMSMUBRAT IONOWHANRESHOLDWIAFH I
IN FIGURE DEMONSTRATING AURPIXEL SROERCIFICATIONS RATIO
TICAL NOISE BELOW THE STIAMRAATONHE NMREISHCAHEHOTRARES A®
M7 MM A RESPONSE JUSTVHWABOVEf THEORRESPONDSTOTHEC
THRESHOLD MANMDMTHE RESIHONBE AT M! M THE ACTIVE ELECT
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