; 1"e3e(=%67L: . z: v<6<T=T BODY ELECTRONI C | MPLANT AND ARTI FI Cl AL VI SI ON
SYSTEM THEREOF 10 20 30 FIELD OF THE | NVENTI ON The present invention A7
rel at es twobndygosl ectronic inplants, and nore parti cul ar | yareCAN0IoIN Pl
el ectronic inplant that can be used to stimulate the visual cortex of a
blind person for Brovidin artificial vision, or to stinulate other body
organs or BPPEsEEE Eﬁoﬂépvggp?éwTo@%BrA%$¥E&g%%P Ghel PNat Y 8RR af $BREBRF used

as a nonitoring instrument for diagnostic purposes. BACKGROUND Bl i ndness is
still nowadays difficult to cure. Technol ogi es such as speech synthesi zers,
3D tacti | BLERR AERYHENNFH IO ed scanners inprove the quality of life of

blind persons fy al bp¥saget hemybArisad ibtaRd NBHI pHbale ERtrdiawever,
«for seeing, the situation is still the same as a hundred; or even a

t housand ymmkantgyo.asi nwere| perticalasty nup adi badve shsichrenisr dmppp@nted in
many circunstances,to enhance . (e, Qrgan functi w_r esearch
't eans ar e%\%tr k?%é 8% t sgqfe‘g%pg?%@l&%%\g%f tggl %ﬁistuég b%?oﬂ‘f%}gc%’?oﬁaﬁﬁvﬁnsdlcon to

totally bbérsbpef&sonseodimgtdohiadicdiall e sieay)s drhado tdie adraden aHdr be
able to do, wthout assistance, nost of the tasks being part of every day
life. It BPYY HeganTHitedSITHES F NRAVEH ifen i heda PYHRAFS miand Bdabl e to

replace thg, ”g&g&a'bewééé)&‘ §¥Staerﬂdé1)itt:brtﬂ?§ SPATE: AGRLEACKor TNE 4| 1&d
resol ution an ata processing capabilities are sinply too lardge. A person
i s consi deneplosegal |y blind if a visual dysfunction is present and
sufficient to greatly affect his everyday life. The nedical criterions vary
fromone country to another .but, in general, those who are considered

| egalyly bﬁﬁéﬁbﬁéﬁﬁﬁde a specific group of totally blind persons. This

Blindness is still nowadays difficult to cure.
Technologies such as speech synthesizers, 3D tactile displays
and dedicated scanners improve the quality of life of blind
persons by allowing them to read text and manipulate money.
However, for seeing, the situation is still the same as a
hundred, or even a thousand years ago.

Since electrical stimulation techniques are applied in
many circumstances to enhance or restore organ function, a
few research teams are working on the recuperation of a

20 limited but functional vision to totally blind persons. A
functional vision means that the person will be able to do,
without assistance, most of the tasks being part of every day
life. It will be limited since no system in the near future
will be able to replace the natural vision system with the
same accuracy. The required resolution and data processing
capabilities are simply too large.

A person 1is considered legally blind if a visual
dysfunction is present and sufficient to greatly affect his
everyday life. The medical criterions vary from one country

30 to another but, in general, those who are considered legally

blind include a specific group of totally blind persons. This
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means that they do not see anything and live in a world of conplete
darkness. The causes of blindness are nunmerous. Sone causes originate in
the eye glopidoey s are related to the visual pathways. TheCHCaA@Ig7Of human
visual stinulation began in 1960 when it was found that when a specific
part of the human brain was stinulated wwth an electrical current, a fixed
| i ght spotaappedvedd ey hdovihstalseki einytdfincheapdt Léne. iThe peexladf ofhe
brai n was Iahe% [ en%ified @ﬁ t he vgsua% ﬁgrtgx 10 gnd tge &ig?t §§%ts are
cal | ed pfBEBHEREs “3FA ES8s, "FESHFTESEr OtI PnrRal a8k per F nBRt'S "PEr at 84 Fo
visual stihpukat idhhgweiad i £8t thebldghedndThe Rerad fentelweed dasetwet h
different voltage sources and spaci ng between el ectrodes through an array
of 81 pl &iisHam PREBWRYSes. In all cases, the electrical stinulation was
done on the s a e ¥i cqyit p S : abl e
di scoveri es mg%é ﬁgﬁgﬂgﬁg %gn%g@gguﬁgﬁg%gzgégéﬁ?§€fgﬁg:%%%%géﬁﬁgbéggg

i ntracor wheal isti makatfaumd eabstt wh&nsi gnispiecdrdti cc waxnt ofedutd | bamanor e

st abl e phosphenes and a phaosphene jntensity that iis 20 proportional to the
current. b?élﬁcc‘tﬁ?rﬁl i % “E“ﬁé”'\ﬁpctuwtét iFtul F’_&Bi;rlfz\ﬂ& n‘é‘ilﬁlp%‘?gps aarglxed
necessary ghite fddiStapSed SedConi tReaAvigahll iffi13CH¥e Bl gERGEALE The

stinmulation information, or stinulation conmand words. The second is to
i nj ect tparyroferths ceraivarasulpépt toeadifiedstaamithe i BhshatocorA§=t o t he

commppd r T r I t F t resea actLyl ties
intendedgggdgﬁghpgii%gqggggsv?g?oﬁggégﬁg¥gﬂ§%¥$¥%%T g@?n%?ﬁ?fo%%%E&§% one
has its afn dliaticgl i expelrdmaater irstliadtsesd who clvisnualt het foh]l ol org: wa@el)

Retina stimulation, where an electrode array is inserted intqg the |ight
sensitivé}Féﬁih%?b%ﬁgﬁﬁﬁvaﬂ§§beeﬁPefh?%nﬁﬁtHﬁﬁx?sg?aeu§EJHbsglégeFﬁ€%_
natural \ic34dlyePakbu¥es! tarld 3paddN@ntRas.dud ahsetaBakcorEsigRCcasi nce
t he visual pathway nust be intact and functioning properly. Sone of the 2

best chaldrargesfofdl: mlatimumo¢lectsodrgl-alinonlar eaneshathealel esitwdeatlhe
el ectrodg %Mu%%ﬂiﬁn' %fs‘ &b, &?e\:l{eeté&]lafr%&é 'thé’evﬂ%?c%‘%@tﬁeg.t hg very
era e el ec Yy

| ar ge ang&lar acce 1 ons of theé eye. rode array must be secured
i n pl ace nesyeyaridhr Mnodme seeal, d nddrbdiendiske veetiesaweker ihelemane, caon have a

good contact wi,th the retin he el ectrode array_must nqQt be planar but
must mat R ri naf%&t?%ﬁ'thec%§E?n%his%aﬁﬁaoacﬁn§é€ﬁ§qﬁiqi§

dedi cat ed tiguMiad i@ en8adserRNta beggHsei EBRL VictdeRat P¥@YcE Soh Nt ddre FOT
exanple, it would be ideal 10 for patients |osing the sensitivity of their
peri pher @tallsi onPhospriteRes calnslt i riul aPheAPhaner e ii@nslidst r obfeatirrdyp i s

i nsephed | ai is&ﬁ% C This  nme is.also di ¢cat to
tota Py ﬁ%&ﬁ?%ﬂ?%%ﬁé. <¥s only ?ﬁ%{?ﬁ%hen OiSLngTb?ﬁghvi§§§| %gfﬁg%'be
i ntact, \diictulsdgdmm,t otbe mhéncadepsorard haacd8%a oy .t Maet i fikrstRedearteh i s

under progress to geternine hogg tern1stinu|§tion efgects 0 ,thﬁ rai n and

cel | damf%eq‘b‘fféa toa M de $tfy diHect PBles, IRMTTTHe prdtifiitddy™

resul ts anffameUiag ngx Atehhli€abn StepmbAadt Woxd2Q Meidhogeésndhesi neertion

of the electrode array into the visual cortex. The current approach

suggest s @ Iffdunklhecproper electrical current to do the stimulation
according to the command words.

There are at least three undertaken research activities
intended to <create adequate vision using electrical
stimulation. Each one has its own distinctive
characteristics, which are the following:

30 1) Retina stimulation, where an electrode array is
inserted into the light sensitive retina. The advantage of
this method is to use most of the natural visual pathway. It
is an advantage but also an inconvenience since the visual

pathway must be intact and functioning properly. Some of the
2



system 3) Optical nerve stinmulation is a new stinulation strategy recently
i ntroduced. Qbviously, the visual pathway nmust be intact fromthe optic
nerve to whaMo®sal cortex. The exact nature of the signalPSTaxW0ET4by t he
optic nerve is not thoroughly known and nore research is needed before
feasibility can be denonstrated. Known in the art are US patents Nos.
4,551, 149%e3@ challaengks 4/028,i33RetModheltsen)nudati9n9dze( bebhud)ral.
5,215,088 (Normann et al.); 5,324,315 gGr eviqus); 5,324,316 (Schul man et
al.); 5,E??@,C@zéh(ee(ﬁr]o?%‘%r%q’i?)?%?me% SCeEfar® he )retlmey, 3p7will
(Barreragls ufiEbedl (PUesh Szl 120335 apmiElnRuua eladlols UK pAEEN
application 3 @B 2,016, 276 asSigned to H Ross Foundati on ( Scotl and)
for Reseayeh TheoeBeictidosiss aara ypowlsits bed sepugept émbed aze, veey9fiandy

Canadi an atent.é;o. 908,.750 éBri nd eé et gal tt)n i.ssued ﬁg August 29, 1%72,
depi cti ng% h&V 2%t S2BPILRI arH° TRE HBovd P& USeunkht &F%ovi t RSP
“various iJduitants have hern desigapd.thd beastreB8ed 4Mepf ehiugdl HRASI Be
However, many problenms arise when the, time_comes to put theminto
pract i ce PlEnEr At isst nmphehpithguEPherich lemadtyieni L | Bpeanys - | Apisor
exanpl e i pntegrati : L Qus_10. [ Lan he
m ni at uri%ﬁ%&%ﬁh of %%ﬁgg vﬁcgl%é séggé%ﬁﬁ'ﬁeégxgé%?gg %ﬁgf"g‘ﬁfg glteégh?)g?:tg g‘lﬁitegh
power corsenptiisoa lapatierayares bimtdcusi hgr sepampl e, el ecwpaddcbroddlead t hat
further take significant space. The RF pari.. operafi at_high.speed, is
gonetdl | Fiind B ERta, S GPELaTe] BREr oHPRs EAHHHEN(EE d b | Reripheral

el ectromagngtdnG i nterferences generated by this part; it is thus not
integrated with the rest of the inplant circuit, which would otherw se

al low a reductilorFo¥tidrl distdmilafsdonand thrrpoler @dmafmdonaofayhds

| mplant. SG% AN {0 aRhaOha SYSt AR Nk Sek et GGATRANAE Das o330 hi g

power rating, its power supply by an inductive link'is us hardly

practi cablesli o tfeelv tdest ghslfyobp ihke pelrascinsoni tss aonll ¢ heeghidéetmedes i@gn t he

same siligco §:|hl ce., This net hod facil%ta%es achi evenment ,of a vector of a

few el ecttﬁk?&es, ST aPpFF At POt ED2 Gl 1 AV LS nGREEF 5P BRelPPoddSS n an

array forugle reREANDAP BE R edimd he rfdfdagic@ncys ofundie d NEUELL¥Es cupl i ng

to supply the inplantable part of the systemis very |ow because the

maj or i ty FLEHECULQa | 5P & ediatiqie & fies tisased the RIR ipp@idaciedd. Thi s

low efficd PIgieNteo L e 1 AIEAT ALERBiBY adt tBe.desbhed | UBGL ofpdl N the

same inplant 30 when discrete conponent designs are used. fThe Inplants used

for el ectgial igtinaulyatd sy poseserceutdgsng arA uoabtiécad shept ao dhdrges on

the eglectrade-tissue interface.. Such_a nitqring function is, however

hi gh?;g) de“éelotgqeo t 5o T ort i P oRft e By Sl S‘tcitgfr? PREAH 1L | rif%i?

contact widudlhecbipkant edhsyséeftenihe appirobichy 8tighbetexi St iph@umkliens are

unabl e to process a |arge nunber of inputs and outputs (many tens and

hundr eds)SYS4f&, are nostly designed for a few stinulation channels only,

e.g. for a 103 1QANEaY OhdRel 13daR1 BRUCHNERIDr & G assqh1%tQlon

i nplant electronics with an el ectrode array having a | arge nunber of

el ectr odestHategysur¢eert haviingroddgedd @bvesisdns hidse svisarlngatherei ved

much, at{ NldObd 1@ o Sl OoR AT AR ARG oAbl T S
exact nature of the signals carried by the optic nerve is not

thoroughly known and more research is needed before
feasibility can be demonstrated.

Known in the art are US patents Nos. 4,551,149

30 (Sciarra); 4,628,933 (Michelson) ; 5,159,927 (Schmid) ;

5,215,088 (Normann et al.); 5,324,315 (Grevious); 5,324,316

(Schulman et al.); 5,876,425 (Gord et al.):; 5,800,535

(Howard, III); 5,807,397 (Barreras); 5,873,901 (Wu et al.);

5,935,155 (Humayun et al.):; UK patent application
3



10 SUMMARY An object of the present invention is to provide a body

el ectronic inplant which nay be used as a stinulating inplant on the visual
cortex towpr@uoshe artificial vision to a blind person, or PCAICAIOEIT4
applications such as a nonitoring device for inplantable bionedical
measurenents, and especially for neasuring paraneters around an

el ect r ode&sh ey ®lip|2716 ssamsiggnad etpabe H MaosheFoobfiationf (Sketdradentfor

invention, is to.provid body i npl ang L s _sutficiently ni ized
and has BERATHE T | Sh-THAT (. BT bF he g PR anaPherBes PRt 11 Sint o
the cerelyd coRi&@Xan apatbgt baek cfost veohegkiofdlawset, ayey Whisehed sorhi ghly
configurable, functionally flexible and has a | ow _power consunpti on.

-Anot her M3t A4 HE TFre SERL G EGh S5 & Pr ST body i npl ant
assenbly combigidd,gobul baGUshond Jd ke st 9RabywC L @Ngads bakoe gl of

el ectrodes fitting on a Surface having reduced di nensi ons. Another object
rof the priesentbéaveinsigmdds tafk pransdtdeom ddthednegdliaal dmmid ¢ Rdwestenr,i ng
preset stinmulati OP) Ear anet.ers 38 act,i.vel ¥.useabl e W %_h r eal ghma i hcom ng
speci fi ¢ RFPHuPAPPSR Sartiidt%r ¥088 1O HABS st F8n %‘fatgn E0 (HEr by

relievingextereal upiffidpleddsreah-ttAB CRPFBHALEALNONSDE 5 eleMHUdES
obj ect of the present invention is to provide a body inplant capabl e of

noni t or i ngtRhatigeslen e d@xanrisieinssbe mtadrdel athr ofighiheol tagous
current i a e t nd. ¢ . Feportin e nge
(oY el PR SO St ongRRARLE, e SR LEn IR ST gnacs

ustnent purposes. Anot her 0bj ect
of the pregetemi nVieat ephstingoippdunte amhiibpkaht ghy stoerabasedswnpitien above

i npl ant, and whi ch can pr.acess real scene jmages for i.nproved.stinulation
over an _e?%cttrh_c?é'e QF?ay}P ai nd=a"Pi n??%%lr?té%pl%iﬁcﬁ.onfgpA@8§P&Fﬁg% he
present inyephéPNtalkBerss drsi Hf o ledpackedyridpRentpassenbby re@iRy sAfg: an
el ectrode array having nultiple adjacent el ectrodes directed towards

respecti veighi néiPegdon 5%t e3enefp il edtRfe a ilth Usrwinte xeelergranichip
| ncl udi do gnbEAGREST HEL € MO Lo FOUPL G S0 LI AN SN ALl e A 4g!  a0€

transformation circuit coupled to the transceiver circuit and” powering the
full custlom trhxedpsrgnaktchspthnemenerigy egaataidned. thn thec ardgtol o 81 ginal

received b he transcejver. 20 circuit, controll connected to the
transcei véﬁ}ipif‘?EuFfISHa%pr ¥RESL; r’i"gouéﬁter%ﬁ?%ﬁwbsﬁ aaﬁ)ﬂ‘f’aif"nertia YA htrol
si gnal reeréveatinwhdims ranaceiner polwiegUi tonsiio@ishi B | taenel@bDEnei rcui t
connected to the controller and generat i,n?1 stinmulation signals in
accordanc%lﬁF?haPhéWﬁﬂﬁQQQQ%?d%Yﬁ?em with discrete components has a

20 high power rating, its power supply by an inductive link 1is
thus hardly practicable. A few designs group the electronics
and the electrodes on the same silicon slice. This method
facilitates achievement of a vector of a few electrodes, but
its application to a large number of electrodes in an array
format remains to be proven. The efficiency of an inductive
coupling to supply the implantable part of the system is very
low because the majority of the currently used techniques are
based on ASK modulation. This low efficiency prevents the
integration of all the desired functions in the same implant

30 when discrete component designs are used.

The implants used for electric stimulation purposes are
thus far unable to monitor changes on the electrode-tissue
interface. Such a monitoring function is however highly

desired to monitor and follow the evolution of the milieu in
4
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an el ectrode selection circuit connected to the stinuli generator circuit
and having sel ectable outputs for transm ssion of the stinulation signals
to sel ectveolopymss of the el ectrodes in accordance w th t hePGREABYRIGH dat a;
and a substrate support having a first side receiving the 30 full custom
m xed-si gnal chip, the antenna and the el ectrode selection circuit, and a
second, cpposcte wide HéUE|umméamN@deIQWE¢@me afhay, m@m@riFVstoﬁldéh%aV|ng

I he full
The. out petLe DPEn Thtetts onke < aFBELRD Bh Bk e poct oy nopRBtg 6 1°

second sigeubavhAd antpukay (mﬁngdjtaaentan@pmlﬁﬁ@cw)l,gnﬂcbw dte andsedpnect ed
to the el ectrodes respectively, the contacts on the first and second sides
bei ng i ndestonpectey ?eipuctiimrlatiRetFRRNBGLanCRhY eredhnet®¥ o EPréuit

across tpg 23955,;%36 SURRGes AGGORNNGR, | T RS T VSRt L1 ahbiere s

al so provide ant conprising: an electrode array having multiple
adj acent ebtettonies duthcaedeﬂewardgerammaﬁ|h&yxngrﬂnkﬁrgn1nmmbsr 60 an

antenna;ﬁg tganacelver C|rc t c u% .ed to hec{al.c%enne}sg an Q% to_ DC voltage
t ransf or FREFOhOCFPcdft c&&ﬁl@&e ARE G SRS SRS pFdvEafng

i npl ant pgverrerdifiad fHesh eaekgytcont aimeghén aah ,i npd aﬂbrCCHHn[eQ' oBhgnal
received by the transceiver circuit; a controller connected to the
transcei 26PEEEFchPLakRl BPocBBLRRES opRF atPBhaHEt AYEBARAI ned in the i npl ant
control signal received by the transceiver circuit; a stinuli generator
circuit connected to the controller 20 and generating stinmulation signals
in acgordgp@egrwi th the operation data; and an el ectrode selection circuit

connect ed between the stimili generation circuit and the el ectrode array,
t he eIectrodeABebbcﬁténOéiﬁ@@iprﬁéﬁmﬁghﬂﬂaaﬁkﬁﬂe;&nKQnEEthmetaathVssion

of the stiulation signals Lessel eebedoesaol the elagiLodes in acgor dance

with the® opera fon the controfler a 'ng-a d8¢o 8cod|ng

t he oper ahi ehedatiduaQntciztes ito fhevigd antt chidirl &ighent , ta gopligdrati on
controller storing common and specifi¢ 30 stipulation paranmeters specified
in the oBéFﬁPPonOaaﬁaraﬁahﬁés6@8%?9@F§°88d?8§§e65t6 BeRibpring SeVAGRati on

sites ang $PeGifimiof® 0bi bieaStd uhabkQReRkhes, %Qﬂi %%é@éﬁiﬂzo%o‘iomnd
controller transmtting stinulation control S|gnals

measuring parameters around an electrode-neuronal tissues
interface.

Another object of the present invention is to provide a
body implant which is sufficiently miniaturized and has an

20 integration level adapted for full and direct fitting into
the cerebral cortex, at the back of the head of a user, yet
which is highly configurable, functionally flexible and has a

| low power consumption.

Another object of the present invention is to provide a
body implant assembly combining a full custom mixed-signal
chip and a large number of electrodes fitting on a surface
having reduced dimensions.

Another object of the present invention is to provide a
body implant capable of storing preset stimulation parameters

30 actively useable with real-time incoming specific stimulation
parameters to form the stimulation signals, thereby relieving

external unit-implant real-time communications.



to the stinuli generator circuit in accordance with the common and specific
stinul ation paraneters. According to the present invention, there is also
provi ded yap lodaoes npl ant conpri sing: an el ectrode array habCHGAMIILTPI e

adj acent el ectrodes directed towards respective stinmulation sites; an
antenna; a transceiver circuit coupled to the antenna; an AC to DC vol t age
t ransf or mat i Adnatilrecii ab poeipl efl tbhe 1prehentr anvesitien disr d@ tprmdids ovi di ng

i npl ant power . supply fro nergy._contai ned i i_mpl ant, co ol _signal
recei vedgﬁwtﬂgpf$%%s%@g%$ec9?c Pp;ltcgrégﬁt F%Fﬁgrescé’r?ng:c eeﬁ%c?ﬂ%ég
transcei ¥esseé I Clhite BNELPHIr OCESSIGY OpEItRiden daimreont aamed inpddrendapl ant

control signal received by the transceiver circuit; a stinmuli generator
.Circuit voamectnrPty tArdceAPAbleeCfanteRRHer | KRS8t FMIRACIESN &9 g% s in

accordan ] t.he. t : floTelcN i circuit
connect eggﬁge\%r&%en@hgp‘g%ﬁs%?%%g%nﬁ%ﬁﬁ}%| r cu?teﬂ)tg]ﬁ%é%ﬁse' el ectrode
rarray, the elmutisle deject i oh tThe quiesdraviimgyeet sot abs et ouppov sd¢ oan

t 1 SSi f the stinulati i l's .t | d f th | ectrod
| accor VBRLR i CHOCRE OBBPGt: O Bba: SR NBRLEOET ngt R Proolipl S

bet ween bhec&oat kFabhers ik t hRagkectfoede gt Brdd OBtEMOGHE onafrer an
controllably taking signal neasurenents at selected ones of the stimulation

sites inetesporde 2BrAHNREBERAHGE chHPtEPd sTRfRIBEHP™- produci ng test result
sig S indicatl t .gnal ur ont NG gt rad | ihg.a
decoder circui ége%%gl? nggt EgQS%rgggggt flgl%% gﬁgnéoﬁtthal nedlqgl nﬁ%%‘zﬁﬁr@)l ant
control bbdpaimphanbna$esennyy coompnils geger at or decodi ng di agnosi s
i nstructions cont in%d i,n the operatijon daﬁ1 .aﬂd transmttin

i 818

t he
moni tori ng coft r SHeSFGRAPs A BheFHHFY of P Pt 4N 3T d%ﬁ%@pﬁ??‘ﬁsthe
di agnosi gikBetEUCLENEBEds aREsPedt 2P80St mBlation sites;

an antenna;

a full custom mixed-signal chip including a transceiver
circuit coupled to the antenna, an AC to DC voltage
transformation circuit coupled to the transceiver circuit and
powering the full custom mixed-signal chip from energy
contained in a control signal received by the transceiver

20 circuit, a controller connected to the transceiver circuit
and processing operation data contained in the control signal
received by the transceiver circuit, and a stimuli generator
circuit connected to the controller and generating
stimulation signals in accordance with the operation data;

an electrode selection circuit connected to the stimuli
generator circuit and having selectable outputs for
transmission of the stimulation signals to selected ones of
the electrodes in accordance with the operation data; and

a substrate support having a first side receiving the

30 full custom mixed-signal chip, the antenna and the electrode
selection circuit, and a second, opposite side receiving the
electrode array, the first side having contacts lying around
the full custom mixed-signal <chip and connected to the

outputs of the electrode selection circuit respectively, the
6



controller receiving and processing the test result signals fromthe
nmonitoring unit. According to the present invention, there is al so provided
a body i npbaptoewonpri sing: an el ectrode array havi ng mul t PET/E€AQHPBGENt

el ectrodes directed towards respective neasurenent sites; an antenna; a
transceiver circuit coupled to the antenna; an AC to DC vol tage

transf orsatond €ideuhdviooppredtoaydof hadiacasteatartract s cal tgmed pibli di ng

i npl ant power supply,fromener contained in an inmplant control, signal
ebei vediBy EHRNET B CHT Ve o Theh TSR CEReRer TRFe [onnete ctoRbAe e of
transcei ygt €it6Hi hnaNdepPHABESSIdRG AREMAY | (it sl dhtdiiad Nedspdct heel gpl ant
control signal received by the transceiver circuit; an el ectrode selection

.circuit toambberdbyo athe HleITHIRC kY CiERRLE| agrrPsge g evbdhrafecuit
havi ng sgheéggple out puts for comunication wth selected ones of the
el ect r od85PARA t he respective neasurenent sites; and 20 a nonitoring unit
«coupl ed bet werticdhedimpnttol | Eie angrédenel echvedei se) ectheneci £sui &lsand
controllablgétakin signal %nsurenents_at t he sel ected ones of the

S

measur enBAPVifiedsa | nod oSBT +3t1%g control signals and produci ng

test result sjgnahgckpdbeatdri@Pinkhengi anak ipRasSWERMS: theceenhes! | er
having a decoder circuit decoding the operation data contained in the

i mpl ant domecbedstgrards aresp@E bk Vagstbnvbatigensibesr decodi ng di agnosi s

i nstyqictions gﬁngﬁkgggajn the operation data and transmtting the
monitoring control Signals to the nmonitoring unit in 30 accordance with the
di agnosi s i nsarteansosi vandcarchhgnosuslednto otheranesenaf ng and processi ng

the test result signals_fromthe nmonitoring unjt. According to th resent
i nvention, thefe?fCs W sBCpraitass at’b%rﬁﬁ/hi’ﬁ‘b?%h‘?ncSﬁﬁFP%an@o@le‘?aEO
el ectr odenar rada e iRe Uk 1 + @h £t adinAC et o ® @A 0dRp1dht ekt 0vapdS y

respective stimulation sites;
from energy contained in an implant control signal received
by the transceiver circuit;

a controller connected to the transceiver circuit and
processing operation data contained in the implant control
signal received by the transceiver circuit;

a stimuli generator circuit connected to the controller

20 and generating stimulation signals in accordance with the
operation data; and

an electrode selection circuit connected between the
stimuli generation circuit and the electrode array, the
electrode selection circuit having selectable outputs for
transmission of the stimulation signals to selected ones of
the electrodes in accordance with the operation data;

the controller having a decoder circuit decoding the
operation data contained in the implant control signal, a
configuration controller storing common and specific

30 stimulation parameters specified in the operation data and
respectively addressed to all of the stimulation sites and
specific ones of the stimulation sites, and a stimulation

command controller transmitting stimulation control signals
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*

an antenna; a transceiver circuit coupled to the antenna; an AC to DC

vol tage transformation circuit coupled to - the transceiver circuit and
provi di ngwomplenss power supply from energy contained i n aRCTHAOHATEoNt r Ol
signal received by the transceiver circuit; a controller connected to the
transceiver circuit and 10 processing operation data contained in the

i npl ant tontthe¢ sithmuly egeinegdtioy t Arenafscivarceandanae aishi ntihe
generator_circuit connected to. r é generating stinulation
signal s FﬁmQSEOFBSnEBGﬁﬁFﬁCtﬁgl%gg?ggﬁ%ng %?é?%gga'an el ectrode sel ection

circuit connegtedrbehweenot hensti puksegeneiaveaniohy cutheand Lbe elleetrode
array, the electrode selection circuit having sel ectabl e outputs grouped
i nto chaRAeVddeer at PRAYNHEBILBRtoFOMRELIEL Ml ati on signals to sel ected ones

of the electrgdes idy dapce, Whthi hhe iR ORArat i ¢u dat @ i Berghaekr ode

selection circuit 1ncluding, for each Channel, a denultiplexer circuit
connect editrecard tperadsngeswetthver sdhgukettioni gisdesor dance with site and
polarity control si%nals, the switch arrangenents being subjected to the
stimul ati on sPYn&PESRAG connected respectively to the outputs assigned to

the channel; khershisedliivegeagiatiot ebtipUel kbCkudi Bgrehas;each channel, a
signal generator controlled by a channel controller assisted by a tiner

connected to &b & ster D§0 ¥9teaAe FERBRFTPRBASEPRUIGHDBN feomerRledi §fal s
the £honanIeNalALOL; PLAING LA ENGRY | JHL9L oA S 1Al NoBGCPT dapRa Jui th

the stinmulation control signals, e register Circuit and the ch
control | éiroor ccheiqyy ¢cbetsinedand pol dmipglartt) contreht sdbpnsilgmaksivied

accordance with the sti,nul ati.on cgntrol signals: and the controller having
a decodePYciPEuitE SHEESHTS (e 8pé&rati on data contained in the inplant

control signak, @omondlDatk atbaReeB8Hr Ald ethat Aang caliiviad atiedupar amet er s
specified in the operation data, and a stjinulation conmand controller
transm t (LR SSIS ISt | PRE R F PN cBAtRoICUGHERRT t 1t HP St 1HRd fnefondred

circuit i) RCEORJANG& WM 1Ry, the $hhmulatien panangkers. 10 According to the

present invention, there i"s also provided an artificial vision systemfor
stimul ati ng aavisualuldorgenewdtar btimthiper sonnecbepr tei ihe zobddylilmyd ant

i ncluding _an electrode array havi.ng nultiple adj acent el ectrodes applicable
agai nst %r?ecpvggﬁsragbpgexﬂd%m{%etlb% nalBBELsLSn,l n&cé:oﬁl‘agpg-est‘?' atol® neans
mount ed pexrdraddin sistes;of the electrode array, for selectively generating

stinulation signals on the el ectrodes producing phosphenes on the visual
cortex represéti RYeShraRei feteftiohgEitthidspsRERerbedi riglescdiffed

impl agt ZQ GRNYT Olgeded2@i®n @RBdrcuit and the electrode array, the
electrode selection circuit having selectable outputs for
transmission of the stimulation signals to selected ones of

the electrodes in accordance with the operation data; and
a monitoring unit coupled between the controller and the
electrode selection circuit, and controllably taking signal
measurements at selected ones of the stimulation sites in
response to monitoring control signals and producing test

result signals indicative of the signal measurements;

the controller having a decoder circuit decoding the
30 operation data contained in the implant control signal, a
monitoring command generator decoding diagnosis instructions
contained in the operation data and transmitting the
monitoring control signals to the monitoring unit in

accordance with the diagnosis instructions, and a diagnosis
8



an external unit including an image sensor adapted to take a real scene
i mage,

an i mage processor and conmand generat or neans connected to the
i mge seng@lo2fifdosprocessi ng i mage data signals produced bycCricaodatige sensor

in accordance with predeterm ned processing operations and generating

i npl ant conpati bl e stinulation commands causing the body inplant to produce
the arti fdasitalolileageregreitvinyi sndl pcoreegiogr ridepomelsingresuihe sigaklscene

i mge,

conmand

a% a transcei.\r{hegr .Circuit connected to the i mage processor and
PP ALY Y- Yr oduci ng ai rwave-transnitted inpl ant

control signalpzce2tivigng tihe tHd Mpralsieak ComRRRAS ont,he tle@@esSisNgalso

operations includin

Jdigital inrRye.desh s

enhancenent o

e out 10, e 0P ioqp L S20LY1 188108 LA e RS ,atiercyghd and,mae

-Ccor r espordiireg-tieal ttosaards foesipsdctivegemeprsodhemeth thys ittless ;i npl ant unit and from

ed down T mage

whi ch the stimulation conmands are generated. BRI EF DESCRI PTION OF THE
DRAW NGS A det? 128&S88&¢ri ption of preferred embodi nents will be given

her ei nbel ow wif i 1:8f08Re8 (Q AhA tf AohPWedd & &WNGSit drfhaWhi ch i ke nunbers

refer to like elenents: Figures 1, 2 and 3 are, respectively, schenmatic

views of 10 framtAGndor & ¥pdbagef tzanghormatd osuppbreuidt govbpdgdi el ant

asseqpl y g @P?S%‘ﬁéeﬂggg ‘Qj,[%u@{erfﬁ’é n,wréil{}éa@n '}% i daéaaxracs%%&ﬁiwg to

an enbodi nent ©

resent 1 nventio ure ar e,

respecti viedom ewcdegmt convaénedofinf ramntimpibrteacostded 6figaadubsddedtved
support of a bodé i mpl gnt assenbly and an expl oded view t hereof with an

el ect r odePartl

enbodi nent of the present invention; Figures 8 9, 10 and 11 are schematic

di agr ans pFocerRsiIW | aperabiotomatdl | epntairedt fnul theepmpdenon adntadlt | the
nmoni t ori
accordin

%G EUdeaLd i, leetradranlagl fan glyeult of a body i rpl an

g e presen venti on; i's a’schematic di agram

illustrating armpossibterbdenmatsadfecticomuoication pratroedied or ta bathe
i mpl ant ac]fordin to the present inventiopn; Figure 13 is a schemati,

diagramif

an internglsondpd | sicphta brdy toph@ntcaecon diignt Osé NecPE@SBREs of

invention; 30 Figure 14 is_a schematic diagramillustrating a stinulation

node co ¢pTiodest andode i FpIrant e dral s aetthes ireserind nvent i on;

12

20

30

a monitoring unit coupled between the controller and the
electrode selection circuit, and controllably taking signal
measurements at the selected ones of the measurement sites in
response to monitoring control signals and producing test
result signals indicative of the signal measurements;

the controller having a decoder circuit decoding the
operation data contained in the implant control signal, a
monitoring command generator decoding diagnosis instructions
contained in the operation data and transmitting the
monitoring control signals to the monitoring wunit in
accordance with the diagnosis instructions, and a diagnosis
controller receiving and processing the test result signals
from the monitoring unit.

According to the present invention, there is also

provided a body implant comprising:
9

a digitalization of the inmage data signals to forma
AEPlEntof P risd N@i‘gi tal i mage into a scal ed down

| _ ity S fotHer enbodi ment of the present invention;
Figure 7 is a schepptébtldkadR@Ried bosly thapl ewln syst e aegerdi 89 drfy an

1
LTSS P TIRY bl B erT IR E ofs S, 1P A% s of



Figure 15 is a schematic diagramillustrating a diagnosis node command

format f
a schemn
a body i

10 prese
illustra
processo
pr esent

-capture

i nventio
artifici

or a body inplant according to the present invention; Figure 16 is
two odiqeysam i | | ustrati ng a power managenent node ®ETEOA/01G8 mat f or
npl ant according to the present invention; Figure 17 is a schenmatic
diagramillustrating an i nage processi ng sequence perforned by an i nmage
processor for agonevbeck yodel genayaﬁamimgnmmlﬁﬂmﬁﬁ gonarcehtacd@adimupeaso t he

i nvenfion ures d 1 are .schematic diagrans
tc{ t@éqtetd’m?gﬁ(fp nce Q; a tlo r’ls‘:t &d by an i mage
QnaQQﬁJﬁhémrrespondlng hlstograns respectlvely, according to

invention; Figure 20 is a schenatlc dia anllllustratlng a scr
of an fe@nFaeiVEE Glseithcaupded 5&’& RGeS He present

t he
een

N, and, i gor ¢ 21nd Sv@lE&ES”@r‘aﬁs@o@:Q{a%Tdn' 'é‘ﬁé@{& ”Qoﬁg%@y ddpl ant

aI Vi sl on system worn a user according to 20 the present

‘inventi orthd)EEAthDeDESERIdi‘EIO@iItG?aﬂ'diEpEREEERRED ENBCDIVENTSe Refsappdng to
there is shomg é Iant sten1mgrn by .a %égr 2 according
T Tht SRRTERt P8R! aﬁﬂe e BF eCPRE Ber19T% £ EFFhEEDer son

Figure 21
to the p
and t he
should b

in a H

many oth
for neas
The body
t he visu

cortex o
in the v

20

30

ay¢tgﬁg|g&éﬁggb£¢éﬂndm@d31ﬁ%rtlf|C|aI vision to the user 2. It

e understood that this context exenplifies a typical use of the
i npl ant syst erd a6eBEEPA§EF 0 A estesento| Hhent NS eV ShoGhgdcHet nd aken

e{.{!fééélses Q{%r 8?%;’:5%5}{6 d%%fase?oaéamgd' TR afle SYH ﬁ%@yd&&f‘&?d in

conte exa noni t of i ng~ pur poses

speC|aIIy

wignp parerel erd @y dul taaarelca:tvelde;m:dwal tissues interface.

R RMEL S TLRE B A e e o

inserted déndrdOrket sBdmwbhelon agqynkes read | hteosagnes, miegessEset he
i mage information and comunicates with the inplant 4 to provide energy for

' power i MePerREioml &2 4 &Y to control it in order to stimulate the visua
f the er %ctt*}ro(a‘égh gﬂe&%ﬁro@ﬁ&ﬂ@yc‘&%& dgeBSE% I%Qhe”es

i sual correspon ing to a transposition of the rea
stlmuli generatlon circuit and the electrode array, the

electrode selection circuit having selectable outputs grouped
into channels for transmission of the stimulation signals to
selected ones of the electrodes in accordance with the
operation data;

the electrode selection circuit including, for each
channel, a demultiplexer circuit connected to and operating
switch arrangements in accordance with site and polarity
control signals, the switch arrangements being subjected to
the stimulation signals and connected respectively to the
outputs assigned to the channel;

the stimuli generator circuit including, for each
channel, a signal generator <controlled by a channel
controller assisted by a timer connected to a register
circuit receiving stimulation control signals, the signal
generator producing the stimulation signals in accordance
with the stimulation control signals, the register circuit

and the channel controller producing the site and polarity

10



10 scenes. The real life scenes can be acquired through a canera 8 (e.g. a
CMOS i mage sensor) nounted on an earpi ece of an eyeglass, while the inplant
ener gy amngoaniboys! signals can be transmitted through an PREUADOEB7EI nk

usi ng an antenna 10 positioned behind the head of the user 2. Referring to
Figures 1-6, there are shown two enbodi nents of the pbody ipplant assenbly
accor di ngonsrehe PrEweht Fﬁvéﬂqwaﬁﬂ%s‘élﬁ%(ﬂiermﬁ%m‘fﬁ%& B Fﬁpéﬁpiti on
of nost qf bgg el gfi‘l%roni c conponents of the inplant in a single full custom
m xed- si gng cﬁl'p , thereby reduci ng power 20 consunption and size of the
circuit. Furtberenrentrokpeci daviingerzomeectdesn circuit idequrdingedheor

i nterconnection of the chip,12 with, a high resplutiaon_electrode ray 14
.-havi ng mYPEFFI& CLd;] ‘%the%t CONEETS eslIlG,thg. g™ az%txcf§%§|p aySl:g%%a{)’ %

el ectr odes,#ada rakt 1 Bnocospat bl Be ARt Btbalisy hayt NHu B BVer age risiegir sOf
approx. 1,5 mm spaced by' approx. 400 um from one another and extendi ng
over a vepPgcdfied dreathe. preratipn Yrtaesahdi iy Fhprahtticremompans t hus
highly mdalgtunheed COMPaRPOcl o Pihll AindiBLA0 S cAL) NPignals o

i nterconnection circult provides individual connections to every el ectrode
30 16. Theheel ectimodei ar gayetdtoan bérnadé ofirsevacabrdamde er wékbct thae
arrays assenbl ed together (not shown), instead of a |larger single array if

desi r ed. FAfFELATAG T B AHARFES 5t- 3, “the chip 12 is enbedded on a side of a
veryjphin subatratgiseered khdayprRgenent agkentiold thoeNd iar owndd he
chip 12, at a given di'stance therefrom These contacts 17 are respectively
connect edproy ided padarig fhicide vdisiyen BysdereXaiplsd Iy latiine aboi¢uzd. The
ot her side Qf .t ubst.r ort ;S :prqQvided with an array of

adj acent dccoor(r?l:teé{c?g %‘o%ﬁﬁ@& Wt acr?gl'%géﬁsﬁggt'ed to the el ectrodes 16
respectivel y. aTheodgnneapilentof ihbheudbng acdrs 28l edtivddie st r ddesinkb can
be achi eved by cold welding or any other s ijt%%]lﬁe t echni que, The contacts

17 and 2070t iBdeh 3PURESBE  the Sustetat PR U e;fga?‘ﬂé‘%%t ERSorfitett®d 10
respecti &It dx098kherndy AR dd't BEE9ARECTIRN i reibio22t ARk P80t heneHiiStrat e
support. Depending on the nunber of links to achieve, the interconnection
circuit 2mounbedoe dor ngéd SRckayerislenade | nthee shbstrade sappent 1£and

stacked bet S| of . duce a e e
contacts %#t@%qﬂg;ﬂs!ayé%ﬁéﬂégﬁ?ebu‘flergﬁ)}érlglz;l(?l%af%glﬁﬁ;?egghitt?l{ée%l% ‘%I}ebrdnesover
two or npmdadjiagenpheepheoksr covs sher cuinshiany tdexrtelx pré@redbetbody dmpl ant
assenbly resulting fromthis enbodinent is thus very thin for a reasqgnable

cross se@SOEiATantdRFE 34 exfERASNER (1R AMSIFW & ppeid 20 d the

chip2b2 f@InBICHIYHEHXAL iaxyW th the external unit 6. The antenna 34 is
connected to pads 18 of the chip 12 assigned for this purpose. A capacitor
36 is coupl ed &b RecHRRENMR T4 Inrlystiger aBpdmpgeonSeus per adaptan o

antenna confd gur ati Qs dmynhde ; . Reders t 9., 5-guLes 45 t:%ﬁm‘éal{'mst rate
support 14 may be forned ol% alkhr%gﬁr% rel atJi véquay %IratC %g(rati 0?1@%6 avi ng
however agsmmidiarr onesss secnhentetiahot hbesabegeratsensgppdrdr Jpkagessiend or mer

enbodi nent, and snel l er, rear portiqn r.oj ecting behind the front

por i on aiFFCI 1 TSP RN RY Ty Eohars 1 sRrTHR, the
contact s Jik1on phecd e emosedf apecebsibegf r epbradibnen 26@r egaruwmact
respectively to the pads 18 of the chip 12. The contacts 17 however al so

proj ect tHMOIAIH afPEifedtl DeMtddulaé iPRonEOPBRARASN PBUSTAE | Hrer dwfhect i on
circuit i ' 1 @S 4 LRherali.cont. 3

surroundi %ngéit%{gt gtfa?(e;@Pg?ugaj g(r:lgntﬁg(%?g%tgi ggl%g% ﬁ?e trh(eéawrrloaﬁasj’f acgoerto *the
rear portcarr&fontisegertiophthal mwaait astend80 amale he agwht act tsralvs agipe=ar | ng

behi nd the, front portion 2§ are r ect] vel connected together by a wire
bond 32. &Yt P%%?ECBF suitPabl@te Imagd “Broceéssor L cnahd”

30 generator means, for producing airwave-transmitted implant
control signals carrying the stimulation commands, the
processing operations including a digitalization of the image
data signals to form a digital image, an image reduction of

the digital image into a scaled down image having a same
11



designs made in the rear portion 28 and stacked between the rearnost and
forenost face thereof interconnect the peripheral contacts 30 with the
array of wodjoaqens contacts 20 respectively. The body i npl 2cT/Gosentihy
resulting fromthis 10 enbodinent is thus thicker than in the forner
enbodi nent, but as a smaller cross-section. In both of the above
enbodi rrenr3$011hfei¢md§!8i hlears 1 esteods yaronay beanddenf rignage senhanpemért
containin t he el ronjc. cirg y ce y re RN rds,
det ect an %P%ctSF? éhlggﬁghey¢%éé gcogégﬁhe%%bméﬁﬁfnce% an%g&o
control t B@r§é$§fiblrh@iﬂx@nt@r ﬂlﬁéséraﬁﬁﬂédaDgl:yagBegﬁﬂchilh@th pyFtBYr emglahbe
full custom m xed-signal_chip 12 preferably integrates a FM bi-directional
.data transhék anenkrey yeiehyvehe3stinutahipn| capmands ;a5e| ganpraepdr at or
unit 20 44, an optional but generally desirable nmonitoring unit 46, and
dependi ng on the chosen design, an electrode selection circuit 48 or not as
it can al gRIPL PESVRIPHT 68 OrSepsr phEweNESUit fromthe chip 12 as depicted
by the dotted lines 202, then form ng another full customchip. The
recei ver 38 reléodetelheéhdﬁrseqaeﬁeynAefs|Werﬁﬁ@nqm@dmratm ebhirbe
si gnal r n La for { v age
Thi's Do B She neEeaies Tl MRt "thePrafR Fe RS S 14wty CagruiRe
recovers ahsohtthcklhedndmbarbrDefeheteaMEkenelemﬁntentroI si gnal enltted
30 by the exterpal UHIL 6, and éransnlts it,top the internal controller 40.
The receiver 3BLYR¥eS{ edpa@Rd3t AFr oRPERRCEHY 2} Yl SEBRDRBLFeV i80S aRd
transyg t ssibntOahferdser st hegugh EhgubQQHSEeV%% bOKr dgpi gt Sedgylﬁ\ piows 42.
The receiver 38 thus acts as a transceiver ough t he feedback unctlon
is 16 asﬁemplyoan@ dpdespéadadl ¥ipn hbgreaépWLthtaoneleptroaa array
neverthel e al Ly e r.a_specific application.
. The con nglggg ée%%dégb%ﬁgagéﬁna%dgHée g§§ e b?v?ﬁngQternal unit 6
in order to pr bigeeesl 4, conandl 6sageal sekpectitel ) i suhemgener aiewsuBict 44

and the nnnitoring unit 46 Referrlng to Figure 8, the controller 40 may be
enbodi ed By°REcAPEUFERY ﬁﬁﬁﬁ?yoéoﬁtﬁ RFhgate swPPRrtuRich HP@YgﬁﬁebéHtlnto

3 main Seﬁ%b@ﬁﬁlyaaﬁﬁ'aneﬁbighearvﬂEQUEHe§QofawiQhSEh”HhéEtQBdQOEEEQ
nodul e 52, and a di agnosis controll nodul e 54. The nain control duIe

50 detect§Céardlngahesaaﬁ§h§erﬁ@bpdlmenﬁuﬂfcaheomreseotslnvénpmeaent in
d to build d
control | UI F%agrgoaﬂg a“@ qamgggghgxaégnggPeg E?%graﬁPan oﬁVSFFSr &

controller 'S can be achi eve rou a Serra
frame detactordEﬁgabd an embodlmenteoflﬁhe&pﬁeﬂaﬁﬂdlnnédtdeﬁeder 58. A
power managenept nodul c n be rOVIdﬁd to.turp other nDduIes

60
units, or stintt8¢FoR ?haﬁﬁel fAFRdPGRamaFEE (B aEEIHoNE

consuppt i @Rtk@nal M EbRtEbaLeANY iZlQe gléﬁ@ﬁmimege%lr}éttl% PMYIBQ, sitt, SeltBeand
the two previous nodul es 56, 58 necessary for command reception, are not

suscept i bMeNiEOBiREg ClFched FFd Yf nPhgCErABEURElet Lamaral ot i AF Bt s
power congy tmglgﬂwaaeoze& RU! £f@e3B0kntL PhyoAeiRR, Shut doun of the

unit, keepin gr amred para ters val ere vorati e menory i s used.
For sake of cIEmgtye baly8femmohembelaadyagnamrbllhsheatungtbepeeehbmbler s
i nternal dul es are 5resented in FI ure 8, A i %oguratign controll er

pref er abl yokB8hs Bfer§ cSRMIRAESALS SPFHEPEP nd2di 8985|§mBaP§ﬁeter
30 programeramt}heoueaé pyeeealﬁsl%eheﬁlbﬁt,ers CRO-CR8, and

Figure 13 is a schematic diagram illustrating possible
definitions of parameters in the registers of an internal
controller of a body implant according to the present
invention;

30 Figure 14 is a schematic diagram illustrating a
stimulation mode command format for a body implant according

to the present invention;

12



makes them avail able for other nodules or units. A Power-OnReset function

controlled by the main controller 50 can be inplenented. 17 A proper
know edgewofozutm®scommuni cati on protocol for the inplant a®CIEGADGIXTH
herei nafter m ght be inportant for understanding the follow ng part, . The

stinmulation controller dul e 52 has a Random, Access Menor 4. ((RAM

i ntended to kgéﬁuﬁ%tiﬂafFonach ef“.)asﬁltce jdja?j%?aetgs %ggﬁéﬁgétépgg.raammd
by the ex&ifisiiidode Honinhd T e ifpy af ilwhapasst Adcddradmy i
commands gererator 66 (SCG decodes the stinulation instructions and sends
t he requithed prserdl iTyvesitgalis to the stinuli generator unit 44 (as shown

in Figure 7), ac di : o] . shay. I M -at d t L f
-appl i cable. AC gg'lc & s?gng% (:% m;ﬁgggg %éq%%g{/ﬁh{eg%in%é%tgfégg% ]?E;Eoé,qef
pr ogr amragh rixed et tor m&fd Besinmaad iforivat ridgt sé ebo@R3 implased dotording

sti mul ationtg%/ the stimuli %nera.tor unit 44 and is generated by a
'sti mul at i oh T GRIH SHEN B /i agnosi s control ler nodul e 54 has a

noni toring corpRAds geNekat ar sthdndel)c V@ig@rﬂscwﬁmssﬁbgt%ag%%!ﬁnage

instructions rel'ated to the analog nonitoring of the 20 stifulation System
and el ectpouzdsdigwiie ssovdindeon peai@ry@dds bvheanegimaeel dorec¢esssignids to

the moni {OLING AN b §0o A5, SIOUN ED.FLGHAEAT) coAEERN ding.d0ythe I ogfamed
opti ons/ paraneters: OCKk st gnal 74 whose frequency depen S'n a Speécific
pr ogrnamesk s ratreteverdMSldh stored in the register CR5 is used for nonitoring
pur poses by the nonitori unit 46 and is generated by a ponitoring clock
nodul e 76. A di RS s E,Lg%t"Pol I%’Fg78 ¥BoB tr &féni t%c}ﬁé@?t'béct HE2EEMES by

the externplydiidt HndIP90a ] EYUESHn t Sn@N¥nARABLE 3RH(3Q YRinchatalfl Hpceives
test results thereof; both fromdigital tests and ?rom anal og nmonitoring

per f or nedimage he PRRCEESIORg codmANds ’C@sner arerrgpoftiendC 7&hassegsangs the
(201 DEEILOHE PSP L0l ALY JHgLY & rerurn vord
Figure 20 is a schematic diagram illustrating a screen
capture of an external unit user interface according to the
present invention; and
Figure 21 1is a schematic diagram illustrating a body
implant artificial vision system worn by a user according to

20 the present invention.

DETAILED DESCRIPTICON OF THE PREFERRED EMBODIMENTS
Referring to Figure 21, there is shown a body implant
system worn by a user 2 according to the present invention,
in the context where the user 2 is a blind person and the
system is used to provide artificial vision to the user 2. It
should be understood that this context exemplifies a typical
use of the implant system according to the present invention,
and should not be taken in a limitative or restrictive sense,
as the implant system may be used in many other contexts, for
30 example for monitoring purposes, and especially for measuring

parameters around an electrode-neuronal tissues interface.

13



sake of clarity, only a few of the many control lines to the controller's
internal nodul es are presented in this Figure 8. Referring to Figure 9, the
stinmuli gwoee2a40095 unit 44 may be enbodied by a circuitry camposedisfs 25

i ndi vi dual and i ndependent channel stinuli generators 84 (CSG . Each of the
CSG 84 has a channel controller 86 (CC), a tiner nodule 88 and a current
digital to anpheg sedyerimpladd (HpGemTimalaidef twegi sden s 2 tH4 ald ow to
| oad the next stimulation paraneters while the current ones are_used,, 10

thereby &MPAPRAL “ng dditdyaaskdfediha b Sl 23THRX 5B nbh@t PBRS. 2NoPhown
are the gha DP8kAaSi 9A3LS ol @hLEORLhNBCORLERLEE 15 di BERRELS at@NhAldHer
nodul e 8 (see Figure 8) for testability and the power managenent control
si gnal s Bcgmitrke poeelr IafiegermEme syodptecédse Reftdver i igege Endowrsatdon he

nmoni toring . unit 46 may be enbodied by a.ciycyit havi ng _the necessar
sour ces 3%8‘ @MM%?G%HEIQBS t?‘c? p%’?‘?%)?ﬂ#rglal ‘%l fe CYINE ntdTEY¥%t iTffl ati on
'super Vi sipeezidgdetakl edmpobhaged cuih@nty s omdted Mpadange, neasigremey for

detail ed di agnosis. 20 During normal stinulation, continuous nonitoring can
be perf offaAubgteonstEnt M SEGApaFPR§SEheOfeakhfol LEGE VBk AbESIghanyan

noni t ore I ti ite .Prb P %‘E %gg er.enc ol 1A9L, VRef ,

t hr ough %&%‘p:lg?gthgr %%?ég{f%tsﬁg %%i ng‘gﬁg\% tage exc%%%sl?hearl%f gﬁlencel, t he
channel diedfdl owosrgapbn@hagORte s aactiraaspdsandonheofharimel mwyaWhildiEe he
probl em arose is_stored.in.a register 98 f Chan., The reference signal VRef
ot b BRE AP s GUFPER: AR BEBEaRE o b ERe Ty SRR at| on
site nonigt ofedy byat MdIAG ffe aBEnEBrACERAANRGE ¥ht Ant hey Rranet 6F G Res
stored in 30 the register CRo of the configuration controller 62 shown in
Fi gure 8e¥fglassy t&ilke thal iiBPatnén cEREANeRNdecoaéroloRignaws oanFiksur e
11. Many Qpti € aypLhak! enfor iled di.ag | e Vo be
ei t her in%&ﬁgﬁ?tﬁ?ﬁn Ugdljlfl] th(g,l Dﬁc&g%%i#%r l(iigﬁ( WQ%JF]?% -p%lli}r p%gg(%ﬁlg?nglx% er nal
and t hen pesiing caey dfehtingl dhenhek'ds oBACh@) usleaw2 .in Fi gure 9, as sel ected
by the MonSrc_si.gnal. produced t he de tiplexer 204 and erati t he ,
transi stor ar Pﬁﬁ%gﬁéﬁgs 1% sﬁb&é‘frieﬁ Fi g}jke 110K oy BFGr m SHAFer  T0% nay
be used tefpRida e sAno BNAHLT 86 F quaipd andV ea §§emBl §i R cBhaned; waye diy
testing purposes. An output stage 110 provides the electrode array 14 with
a sti mul &EeEsnEuriwYRN st | FheFansmboddmend st Heeatulsi sebroarEARGermEnt S

106 and gy dgs dhe duy 4 ' 46 Nt n. te valt 0
dependent O%\gps) of the stiénﬁ%{tlgoﬁdnﬁ:%%%ﬁg %igﬂénﬁéﬁ%gﬁﬁeggu%ﬁ%ﬁg&%
current doitlr ofhetomsanlxedosidi® widge ldngetibancebe nmtiddiady ageovedi ng to

t he iLpput. signal. .l evel cRng derived from.the paraneter OCR stored i.n the
r egi g? er %5119 SHRE caonn%%h?gt Pgn%‘gntcrjbﬁqlﬁt '62P‘éﬁ€}i)\?ﬁr'f‘?1r%f gfir SRS LAy
sarrp: fad \A.@itte&@:@nﬁl@rcﬁﬂ&hri heifro\mjitoged ;Sié@i@@dﬂl E?rmmﬂéﬁﬁoﬂ\iﬁébtibﬁb&ﬁml
oscillataor 112 through a transconductance anplifier 114 with variable gain
for vari 6§ ici'dﬁ’t Mo @é g}mg%% EeSQettbynt ReestERAr axnrAY. 1thdayedae
magni t udgnfeibhe ol {08 acs Psst tdedoNE L Okel , Siht ©scap Pe gegayr ed dyyy means

of 20 a peak detector 116. The phase between”the stinulation current and
t he noni tedregd redlesaga dsa® hé insaspadd biller oudle rd adisas dadeinec taor avkSaayed a

frequenc nd.p e imator. 120 for _conplex inpedanc asurenents. A
roni tor | N5 UL Shortot o 16 B0t PBREHOEY APIAEE ConboneR: SZam (e

noni t or i Rothielr 46d RxactEidRNOTew bh viehe warElaus reent Qly .silgradzs, peduced
by the monitqQring commands generator 72 (see Figure 8). A sanple and hold
circuit T68Y §l§%ovild%lqu}'r tHE TS cobRluctBige Reg8dVemBHOI NG 1Af6In are

the d a0NOKRAONRGS poIbrOMEAe AHEANLOl A S HAlNaYes LORIRIgT 78
(see Figure 8) for testability and t'he power nanagenment control signals
from t he qgiowal trepageheas rodiilvéde@l connections to every electrode
30 16. The electrode array 14 can be made of several smaller
electrode arrays assembled together (not shown), instead of a
larger single array if desired.
Referring to Figures 1-3, the chip 12 is embedded on a

side of a very thin substrate support 14 having contacts 17
14



It should be noted that in the case where the inplant 4 is intended to be
used solely for nonitoring purposes, then 20 all the circuits of the

i mpl ant 4wwi@2led9snctions only related to the generati on ofPCITCANNI0AITHON
signals can be renoved fromthe inplant 4 inasnuch as no stinulation
signals are required. Such is the case when the inplant 4 is used for
exanpl e tlyimgni aopuodr tidien bbdp okyansdtpradugEivey neéastenbee tdlatafiqm.
signal s be nonitored. . For _ex le, . th 0 e FEigure, 10),
and the SHn a(f?rb%a%%%ndgrge%érgr%gte&tlé’ l(laéecéeoq%feg%{r%d é?gc(éﬁgbgag% tfﬂed in
such a casge.tHiRef@iip N2 t fofi grakpld, biyhe elieet bosd 2dl.edthiconttigrcuidd0 48
can be enbodied by a nultiplexor/denultiplexor circuitry conprising 25

-sel ect i orPfchBhfelshbistr 3oy FHBRORF t H"chéﬁnéfr%&ﬂﬂsr@liéG ¥or 2KRERYvAF ng up

1025 SitenAldht | ABAUNs  BACN a3 bReaANBeRACkhYA! Ehalobol h (b aatd ons
by means of" swtch arrangenments 124, Sepen ing on the sign bit (signal Sign
‘#x) for eeyotmithrmela resmesttictelnnelThie coderedi2® s ed e dile wuimdta ctmn@l  has

to be nonitaqred. en a specific channel .is nonitored, the current fromthe
porrespoﬁﬁﬁtﬂb%?a\r/?%eﬁc%ﬁq%ﬁil_ége%_gieora%hler‘ﬁe‘ftﬁy STTulS gerid for? Thi t 44
is devi atghd0 t0etdB1eONEéSHhIGuaNi Thdb ¢bhodebhst hg MaRdr od i B Ixdcmnd
the stimulation current cones fromthat latter unit through the MonStim

| i ne 132.5idas chefinelthst i MAnAstg@f& atviPBArts Abti Aired tiHterNReRkR@l s
bei ng jnony AW t é\@ﬂ?@ i3 1 4 i Qrr i t he
ch:an%gl c@oénsﬁ{regldﬁl\g}ré%%.%e e eﬁ?&gllg{ﬁerc%ﬁg%?{:@lﬁ%ﬁ%lIﬁ%ﬁ?rgay?%?%é\)?ded

w th a cathdrstbshrehanmssippointcuilegandiety 0bnt hdec hamiedr de€odamkk02c@and a

calibration network 134.and used by, the anal o itoring uniit 46. Th
calibrati Jc%"aﬁ‘melth&ecb‘?ig?r%’?n%%g%%rl‘ e&lsrcéﬁq‘aggaor}??%t ekng%ﬁmﬁési%fi ve

el ement VEdyers ThhGel $naltse usashdriatd s @OpdEOUYS afaNidtIdiRd NEOERSSH
generating the appropriate reference limt voltage VRef. 21 Sets of
anal og mithe piides stheeepf ovi erEHBCADANREOBPRFuNiatked6 by tihea ot elage

actoss. any pabepl nghotly A liiauad LheaR 1000 Bblo lidien |98 440
Referring to Figure 12, there 1's shown a possibl e tformat "of a conmuni cati on
pr ot ocol d¢woEr theobody momsl aant] saawodr diels t oft ewpr esentounaMent itdre dinip he

illustrat se,. the co nd words. 142 are 26 bits long or less and are
conposed ]g#j t eeebﬁg?’t %F‘%Bgnﬁégewiﬁt 55 %ll&‘? b‘;'srtoé“ 1A% § R PdReRE i on
146 and tihe dais 48y daia Ehat acaeh soRst1eC td s sl4fe BabEONRl A dénone or
several parts, dependi n\%&?n t he sel ected node. A session usually starts

with a cotff iYtheGoreprioeRsSubsEate murRReHul bt i dFPRd i e catrist B2 tfor
ACCOLY NGl 00K AWTRA COI | GREBLARN RATATPEST SHLd8 ALansl Hyed, by the

external unit 6. If a problemarises, I aghosi s node a
nmoni t or i neewiedied dimal egdsnd18i gof al thnpdriant 4 20f asbégapdt efiorFitialsy, at

oY 54 e SR EER THRREIEDL RIS FrebLes e XL AndOlda Oh0 1D O
proper operation. Other suitable antenna configurations may
be used.

Referring to Figures 4-6, the substrate support 14 may
be formed of a front relatively flat portion 26 having
however a smaller cross section than the substrate support 14
in the former embodiment, and a smaller rear portion 28
projecting behind the front portion and receiving the

30 electrode array 14. As in the former case, the contacts 17 on
the foremost face of the front portion 26 are connected
respectively to the pads 18 of the chip 12. The contacts 17

however also project through and appear behind the front

portion 26. The interconnection circuit in this case has a
15



The configuration node set by the conmand word <1,0> _20 00 allows to
define several variable paraneters related to stimulation or nonitoring.
The first Wi e2at0ewsnf i guration registers CROto CR4 of the ROTWECAHWEAZHON
controller 62 (see Figure 8) define the communication protocol during
stinmulation. The next four registers CR5 to CR8 define many di agnosis
par amet efsgriklse &6fr gertiphesaiei agn thedlt £ ated $mrmb1mcarmcj oghrora 2y ngfand

t he | ast onerelatln digital  di agnosis t he system Referring to
H our o 18 BRE oA 2D (e th: SREREDSY fobRe Y bt SFE-CRBTGREN s as
fol ows. zBhe rar tdaati pHb Rl r%:a&a&h W da S at Re Lepgt Bt PSYEL k ppakaigiger

defines the nunber of sequential stinulation words that are sent w t hout
interr upthedmndThehﬁ“rplﬁrlQMe Flo&d LOAF) 2ar amet elre@@ﬁlcﬁeefe\}\vﬁet repnegsed

stlrrulatlon [ s apeshiicq Y Sl he
Anpl i tude Wr engtyhng v@j’g%z bsonc{Bar%arret e?Ea ?I nes 3ﬁ?e nur eF%ch%t%%ﬂE

'speci fyi RpdiRgsampldd uite ahet heast iputitdionor? & uandnétadbed Pukseebur atieon
Flag (PDF) paraneter defines if the stimulati onpgurrent pul se duration . is

speci fi c RESFton BBF evEPYERPte. fRESPul ERCERPAL | O WAHPARER h BB
paramet er eq‘aghrée%ﬂ ROHHEERSS ¥ WAiths t?ﬂée%'rr)é'yn%ft *aepe%ae duhakicen ofp the
stinulati on rrent. The I nterphase Duration paranet er defines
i f the detespdvdativedry + hBhe V\DOQMaswl@htt W@WM amwﬂmq eﬁroms tdgecific
or c n for,.every Sit ase Bur, t| VWwrd L n (

par a erer‘ﬁe%dlﬁea? e ntg'lrlrso p:%o Cr?<b| tshs?pr)leél ?lng il gle&eleﬁ'% f“v\éler‘i hﬁ‘D\g
phases ofad he s%id1mdAtd s SWddilon . The Common Anpl i t ude (CAI\/P) par anmet er
defines the anplitude of the stinulation current if this paraneter is

common for evéry BREE. The WAMEPE sBMPREATPBES¢ cPE)e pdesiet dPPdéfitnes
the pul Sea%nﬁ;ﬂj)pncé)lfl bBen%tdvePéleQ GYhhegh 'oflé "b'iéntpa'ﬂ{f?{'f?é €L1hS RN
for every site. "The Common | nterphase Duration paraneter defines the
del ay betadestadre ¢ weipitasds yof nehessairyul Boi onewveanthzrﬁnatﬂd S waanret er
i's commnfor Lvery sclotree'ghe rSglrrIHlléatlon CIockT é CTF:) %ret

20 defi net e frequency St t hEARETHET 200 ﬁréf’&?k % I éfﬁlﬁe‘ . The
Sti nul at ivrdSegnessrEharinedhe &&‘bﬁ)mamtﬂdme p'itddadsataldm»raemeryce Site (SSS)
parameters are used to fill_the Stimulation _Sequence RAM 64 shown in Figure

8. The Low Pafeisi%idtd & -Fquss dqudh®y TUIBFEmStolr Mteesr sderade Shilike
cut-of f fyequency ra}i%h@n@g&t@w&a@ﬁ biLbetedbPoROWAat ElrdULGel0d N the
nmonitoring unit 46 e Monitoring Clock Tine Base (MCIB) paraneter defines
the f r equRIrRSSYofradral vevhi It mg:cmtdcq(llm i49 1t e tdmuld! lgemes@ tosearRitgur e

e Nppitgri ) y r fin h l'i tude
of t-r%@ OtI\J{{)p’ut;S)rE:urB tPAgaﬁn%# ?L Fi %étjé?le eef%lggc Iﬁ%o ?'mgllrgt)orl ng.
The Cali barat i dep&edn.agoron( OAL&EShoaanamﬁsergndefameelemrbdéersell@se:tlon
equi val ent reS| S}:%) in the calibration p{etv\% 134 for continuous
noni t ori NG é)uf’é et r8ﬁ§c6‘ cRr d(HMRP FELPARAE 23
defines t&‘ﬁrcﬂﬁﬂl ©fork hend rcgcmzsc als e idy efhel HbHtere 1hindy @ok0) . The
Gscil lator Current Range arameter defines the input current range of
t he Curretmertd}qm@m%cpnother full custom chip.

The receiver 38 recovers high frequency AC signal from

the implant control signal emitted by the external unit 6,
and transforms it to a DC voltage. This DC voltage is used to
power up the whole implant. The receiver 38 recovers also
clock and data from the same implant control signal emitted
30 by the external unit 6, and transmits it to the internal
controller 40. The receiver 38 gets feedback data from the
internal controller 40 and transmits it to the user through
the inductive link depicted by arrows 42. The receiver 38

thus acts as a transceiver. Although the feedback function is
16



- oscillator 112 (see Figure 10). The Unit/ Mdul e Under Test (UMJT)
paraneter defines the unit or nodul e under test for - digital diagnosis.
The Scan Wpai2rodesngt h (SCL) paraneter defines the nunber ®CTHIAM/O0bI74t he
scan chain in the unit or nodul e under test. The Stinulation clock Sync
(SS) paraneter synchronizes the stimulation clock 70 (Figure 8). The 10
Moni t or i ng k&19ck 8y nbe ( My d psseansileire synchmoat zespp hecattwrdoyr i ng: ckack 76
(Figure 8). The RAM Reset (RR) paranpeter, resets tﬂe addr ess poi er of t he
Sti mul at itYeSEGFRSS RRG Gﬁf’m(lﬁltﬁar eng) tb Afor Lot 8ring
(CM par Ce_erlth 181Gy nuous nonitoring feature of the control ler 40
(Figure 7) on/off. eferrlng to Figure 14, in the stinmulation node set by
-t he conmand wd}fw <oroerolled 40 h@e¢¢\%€t$ Ueke oRomBandeperasraredchly tde t he
stinmulatiaq muni ca n .protoc f |nt C a h
instructi d?qc |sur§3é%t %as a )ga I'h o$ 58‘8 certaaleln 8&]; ]gérSJI %’gg\&fg‘; %

'stimul at iyhe vgﬂldm1:ea§éh@mﬁca1 Rinig X4t @ndd tiiet morﬂetraﬂfidugngxnem tlge conmon
paranmeters. If the chain is |longer than 24 bits, it is divided intQ

sequential st iRRASHTIGH i FFRATOR wdhds contzelgiars 49 Mayser Mok echst
wor d. Reﬁ:‘{% nc?o &thgg fta}él t BEn gk AYDRS! ?2 madetset whY chhé re0 gy \ePrd

<1, 0> ws det ed and various analyses of t e condition t he
system oamthot I8 t eaidi gi sedtiants ana ogla&lrdeyonﬂr@rilidm fmodsil ebi t500f tehe

di agnqsi s_,i.nstruyction word alo t.e 156, the fall

Ry iog Tt S LT SR R R RS T SRR

moni t ori ngpddite 3NstTHEL maMNI aohhealmﬁpmsedlef 5oath@|ctt@r gdtal tf&a(rd&)
paraneter, a Mnitored Channel (M) parameter, a Mnitoring current

Anpl i tudeaI(q\MFé/P)frB‘a‘Férré?tcé‘F“uW ONbrﬁrc]%R’iﬁTg Qﬁt PSS soP TN pardfEt &° The

MOPT par aief £ 2fie c&aﬁ‘&aé'%rwfeatustéae g Bt bORe SOH LR 1l !‘Hatthtehe

stimul ati on waveformis, he neasured value is a current, |If
measur ed eatteoilen 40) t’blglas cain'd bd adid aveas drtetbue e semsli/rwrpﬂiasael

b d vol h he d
mst ruct | ST 54 - EFANGo TG Th g S 8R4 Fb, SERE™d) SUHORT S Ebnder ns

the di gi t ebmmmaisd edrd odédpikr a6g st vector, the next bit is set to a | ow
state and the vector 160 itself follows. Lf the Iength of the test vector

i s | onger tharf 2BOBREs MeNaGSMeREd MAUAE t 6@ SEMM) pGafheb®r PRAVEAED to
configuratipn sode,y HbBauZaEd aRdtBexbrbktsnaiarssht ch@nﬁei%b%ﬁqgﬁ?e > m | ar

di agnosis instruction word. To read the data in a particul ar t he
system bondividudllgt t@ndie:@c@mﬂemtcmstlmtdoagrt@s@ nhgimemt aon amyr d are

set 'Z’b a (?hggn stale 168ni|?ghechconﬁ,j %Isgighegﬁger{q\et hgwgezbg result back

to thHe external unit 6 ferr gure € power nent- Trode
set by thm@@lmnd:aoord%l rﬂ@cessa]r]y aEbeawscdmmand N raye ptdsponeate ofndthe
system on and of f araneters s plle jn this 20 _node arethe

power rran%i‘tj%?f%?\ttl%‘?l Bﬁ %&?‘ 9 WU AG e TS BnFPARBEURE th&eas be
turned onfgfdyimndithRe pikds neddkembeesh | fdo%“@@ MED), tm& detisngxythi ch

unit/ nmodul e the power nmanagenent action has to be applle

imply a real shut down of the unit, keeplng programmed
parameters valid where volatile memory is used. For sake of
clarity, only few of the many control lines to the

controller’s internal modules are presented in Figure 8.
A configuration controller 62 preferably keeps every
communication, stimulation, and diagnosis parameter
30 programmed by the user by means of registers CRO-CR8, and
makes them available for other modules or units. A Power-On-

Reset function controlled by the main controller 50 can be

implemented.
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As mentioned herei nabove, the stinulation biphasic current pul ses used to
generate a phosphene can be descri bed by three paraneters, which are the
anpl i t udeyo bhsoephase duration and the inter-phase durati oRCHICADNRIIPUI Ses.
Each one of theses paraneters, as well as the pulse frequency, influences
t he phosphenes vi sual appearance. It would require 30 a high data
transm ssi on rate 40.,s60thTedRalod it &blblif idiBH §riRdRar Wi &ne as
wel | as the addresses of the corresponding stinulation sites fromthe
ext ernal implare t @st heetnpfanth4 haneigraddren omiebticebe hi¥npaatteant hdatreeded
stinmulation, data c rapsferred as foIIovvs First, each 25 of the
par ameter‘énc}esr tbaé?cgjpré%ewbe €°ij]i W% H35& common or specific. A comon
.paraneter is s eft hvaldi dhec@iirlllatd apdillesanthdas Ramdem [Madad onl y
once at the beginni ( However, the specific paraneters have to be
g\é%‘@o

updat ed eraich @tti A-ngjaneedad o nkeSRInB| &I a5AL8e Ak et Thase
~durat i ons, £an, Oe £y Ao a0 NPl UdRe Bl g SPeeif & Jduingy ang o
two conmmon paraneters all ows a signifi‘cant reduction in the transm ssion
rate bet weenfidwerexiers ptote$s. 6 and the inplant 4. The choice of which
paraneters are 10 +$9 or specifi as wel as the er. of bi t
necessary to ?b nggEFiane m%%rhe’b% et O %Em CpHe Ph(sathe
confi gur as{tﬁﬁulmdﬁon Seg@@ﬁltwctimg eathdf sadl ngcﬁdne ﬁéqﬂm-ﬂe’ﬁ | b Al
address with each paraneter, the RAM 64 (figure |s used. During the
conf ildur aﬂ‘b‘?ﬁbﬁa‘%@ bhet ﬁélf‘lﬁ}%llaﬁ?nﬂrai:ﬁé Eﬁtlér t‘iél (@i SheW 13 Eii%fenory
64 with t i hat S by
bot h devi 2’23 %%é 2?1? Bi%ﬁ%“ﬁéeé g(%efr%%ﬁim t 6 &gﬁeﬂsétrée asl"tjl glﬁf

par amet eresppalecambel sent in the order specified in the rrermry 20 64. This
ki nd of transfer he. nee ant

confi gurabl e, Pa|‘F s%ﬂgag gér H’épsﬁn:%FegufeBCVuldleyeél&?t r°5‘| at kﬁ?esctji#ﬁﬁ ation

oper at | Onﬁr@@ﬂaﬁhé@V\panﬁehbghSCTEr 88BrélMage )k hiel aRYTsTVOTRALE ided
needed. Referring to Figure 8, in operation, the stinulation comuands

gener at or £86 EOHFIHEE ke OFmmbhe patdfeldr GSRATAECE oHtH spécipné 1is
stinulati g@ngxpégeaob?egeggiﬁuiggl&g OPEScisthSml AL i, control signals for the

stinuli ner at or Indicating i n particular the anplitude of the
bi phasi ¢ 30 pulse (Btagnimpl)s chatphadserdunadube cﬁ4thespuasenc(rﬁ1tasemg)

theinter hase uratlon of th ul (! nt r) sti Iat on site

addr ess ( If“ﬂ%? ?rﬁ%r%??ﬁuﬁafl o@ﬁgﬁ g‘IlDﬁ‘ n%&?"?g i nﬁ%n) 1egrosts
Referri ngm@tﬁn@w@ng whan tadpardd cuiraer cananey cavhieblehg86 Jgecetves the
stimulation control signals, it lgads the data into the set of tenporary

regi st®r ssgamu%f\EéOPhéylsftsm Girsl SliSRHrRGSd T 458 UorRtnetidd Oh it 2eRT R
transferrefel BeQuihR@dTEsh¢ £81 SEeGFaPd 88 aHLSHbAIObrfng unit 46 (as

shown in Figure 1), according to the programmed

options/parameters.

A clock signal 74 whose frequency depends on a specific
programmed parameter MCTB stored in the register CR5 is used
for monitoring purposes by the monitoring unit 46 and is
generated by a monitoring clock module 76.

A diagnosis controller 78 (DC) transmits test wvectors
sent by the external unit 6 upon request to any module and

30 units, and receives test results thereof, both from digital
tests and from analog monitoring performed by the monitoring
commands generator 72. The DC 78 also sends the results back
to the external unit 6, via parity insertion & return word

encoder and parallel/serial converter modules 80, 82. For
18



- control performed by the channel controller (ldnp and Idcp signals). The
DAC 90 is responsive to the channel controller 86 (Stimsignal) and
gener at eswa iatooyal ati on current having an anplitude depen®CTECAO01IT¢

Sti mAnp val ue. The stinulation 10 operation begins using the site address
bus 164 to select the proper site in the channel and the Stimsignal to
start andsstOposténatatypnonTPeachannek enst mahhercod® reses itnke tHorehe38
based on the stimulation clock 70 (Figure 8) to set the phase and

i nt er phaseowrlFak I BHsS ofn i Pl RV g fAd G I G e this fd e bhal

uni t © has an {JPge HPCESSAo A LOMRNG Genara Aty ddl e ik cppngsf ed Lo
the canmera 8 for processing |?rage data signals cofresponding to a real life
-scene caphar etbbyikhe lopner ac8rcuit agcacdposedn 6 @iedéhdimidedl praocissi ng
operationgs, .and for_generatjng, 20 | nmpl ant conpatible stinulation co nds

Bus T ng tFR SRR SRS b ST e he SPEFFREPEF PAngSSEn  HECH SUal b 1 ox
‘cor respon@s®gsl o hlalde 4 eghasteNecbABE611ért BENSERI)VEra Mpsibe héGulkefsy ably
inthe formof a FMbi-directional data transfer and energy transmtter is

connect ed28® & HRUFFele Pioteakoro ank r(Rfgehul e, for

®
produci ng air -tLansmgt Iy t nt Kol ilgggl car n h
stinul ation cmnﬁs‘?@aggegﬁgﬁ%@%gg t%g’ argrgovél4 . ?‘ﬁealeé%/%rggfg ﬁjrﬁ)ftG IS
pr ef er abl ytjonkatetohy walmtderys 20vhilRef €éhei ngurechtguorss7 sl hvsed he

processi ng operations,3Q perforned, hy the imge processor and conmands
gener or‘g}f‘?ﬁgg}ﬁ th&irlg"&lnal%ilflg scéjr’?glaﬁ’fo sutb?'g‘ﬁ?gﬂ t 0 *¥@qui sTHGTIE ML by
the caner gt SneBit bena. divdt t showRtafd ©fe tdiadrimges At gh 51 9N Br s fogdn a

digital inmage 180, an image reduction of the digital imge 180 into a
scal ed dowpnirabee1B8y Kawongsads2contrxyhen esofultor/Bas(she Eligureod®) array

14, and ap_] t I to. form

enhanced ?ﬂ%ggg %@%@?ﬁggﬁ%dﬁ% ?@%ﬁ?agﬁ%%%%él pé)%%%lesda’g@om t he
i npl ant uhhé dowerd hanayshech mbéukd i &l ati on commands 186 are gener at ed.
The ext ernal if 6 m e provided with a pattern generation _interface
(not shown) \A:ftilg?%elflﬁjen%ogﬁag’f"&%ﬁedslﬁfr epp‘ar %é’&”‘ftro&ﬁ'n Interhlal 4pateer e
instead obmbb@iédBARy SANSEOLrSui ke hhavhiagt U e WoIH b Ald A k8uaBEsK] nd est
recogni zabl e 10 patterns like a square, a circle or a cross for adjustnent
of the inpeaperanentt henpdele®, GRe tPrRrioEye ISPahbsinde propeinuous
resol uti opy ; LLs t I | ied., The
bur pose. of i Rar bk SRR ERVIRIBHT AN AR e B S AR ot <
and | um nbspeganddenapplredenechor qdetcaledeladnaebs. hi st ogram
equalé(fation consj st ng of stretcﬂi gg t he irrgge hi stogram tqo cover the
totaldfy of t HEYRVAY | ABFR2hi REFPPAREAST y COPELPIAHS OIS MR In&aEsRey to
cal cul at epebeovhiel ebi 6608t &AL B NESmERE ¥nd Nen i pé A Stk FEXY IR Pk ¥$5 20
intensities are useful. Wth those values, a | ook-up table can be built to

0]
transf or NP8 W 6PES A eathi AL BT (&S nPEPAl | Ragé. FPgur esnasimBrand
19A-B il | yskeatecscabgdedgun aadrenhaneedqhmees Gengat e dy the ipmge

processor 174 (Figure 7), "and the correspondi ng histograns respectively. As
it can bemgedhorede Violdteggr g cdrym theFirgfer®Bcesor ties pohedinmg 1t cotdne-

enhance i e shown,ip, Figure 19A, .caovers_a w.der ectr.um t han the

i ot ogr am SRAWRL T HEH GAPOLBBST BFCiRE SEHage prT e T8 MR larteribh st RRown
in Figurep36bl&d #éss the ismgedEnhancanentgigaek pbyel pefchhe, reswéting
image wll represent a phosphene that shoul d ge created during the cortex
stinul ati 5AfeTRPe? gt 8nehi YRSHoSPhetRt BY cbRfraA@xidm misiowrd cewmeemtt o

specify eyggy ifpbBHhak! YtRen any stimulation site monitored by the

DAC 100 and in accordance with the parameter CalRes stored in

30 the register CR6 of the configuration controller 62 shown in

Figure 8 and sent to the calibration channel decoder 102
shown in Figure 11.

Many options are available for detailed diagnosis. The

source may be either internal, then using the DAC 100 for
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paranmeter, from waveform shape to phase delay. Since many of the paraneters
affect only the qualitative part of phosphene appearance and the effects of
their nmoaydomadbon is not currently thoroughly known, thoREIEAPHNETErs nust
be easily and quickly alterable. In addition, when stinulating biological
cells with an electrical current, the stinmulation of the sane cells, or
cells inthhe pukpewsdi g, erdspnklbendeprah edsbed osiey acflethy cfiafiralhs. This
delay is _called repolarization time. For this reason sengg% scannin

cannot 1826e Wsethd§t +he FAORXGI Bri &% oo l9RteDrPEx thR HIPFLG oSeFRAfe an

i mage. !BFB@ﬁgeda 3HAN éﬁgue%ﬁuwa%leg&el eci£d bAGSUGp- 8 d hatngach
sequentl a stinmulati'on 1s not execufed in an area where a stinmul ati on

.occurredtibeheietbhe argpoigeniendts ch0ti mboiws dlnapBieghrahaélf.| ékivavefgrof the
i mpl ant sgstem @égordi nﬂ to_the inventign al | QWS t he use of an%]/ desired
scanni ngS88BGENE8%aRAYt RE EBRF §Or BFPEACS *RhE T hpT AT 29WPER YRS s8he
-sequencea Beher lshiageldo walv@urRs 4 et ndf), pudo od .ermral owtib it 65 8BYye P10
provided with a comruni cati on-port 188 for comuni cation 20 with a conputer

(not shoREPVEEEScHTd getattbrdandreayt urpbsss FHBUARAD €BTFeSE the
system gagkhy eCOHUARRY & SPEP&S STBYr Hi8s thﬂgggi egﬁﬁtghqweggd

apparition paraneters, as nentioned herei nabove. apes ‘can
gener at eprbyitlee edhtecemmalittoning ¢hrecespoAdewidha aresAcoegaiest vbdsagd by

the conmputer, as_inputted fhrough a.user _interface 190. The user cap sel ect
di ff]ec?en eRErFEM s E@@Yan%£ a&]%l?st s?ﬁ@ugﬁ}:éﬁﬁt ecf"érrl%rglt’on "f-;'rfec}? | feYFoP®
exanpl e, maasQianevia aresgrehtacentebelaayobeisehestedizpaghost whhgh can

be in a solid or outline form Character generation can also be 30
i npl ementCé@ tRF° cHABlELAAr 8CCORPEBY SitapelRs EBPUfr 4082 luskevebnPEERNgt hose

patterns \?D%?gvl%}ﬁpﬁ%mt hi?leu?#]%an%actear R ey, A A 1 'yeggggéfﬂ eryNE ¢

conmmand s in the exte unit 6. The user i1 nterface may display a
source ihge toBfdgucaptionedcbyptthéleanefd 8sbpwhroimandiberesséur capyand

t he 29 correspondi ng i mage 198 reduced.to the resolutiqn of the

el ect r od&2EPE 1‘&?9??99?tgc SREncERF f BPRTCPREY, esdﬂ:c?edcf’lﬁag‘?eerglgélsﬁffieﬁ‘n can
be changedthnstast | gamet hogici hea€sHP 10EWN teRmghi Sk 200anBeballEREnte
Figure 7, the canmera 8 has preferabhly a ' variable resolution providing an

el ect r onid@Plddrefuntty oWitlydgrd abdst it afiobe Vasd@uso kRt VR thew

resol uti Qn gkt he iJBIG) ransm i r%gltélnﬁrﬁf. iﬁﬁ’%] ¥ h&q9i gé Xog9)pko the
situation i%’vx/ni ch the u}Iser I S. ‘#:or exanple, t Zﬁ%%er n%ylti €h8ose tt?etween
a coar se Wildagevacraskathe fioslidogkdveitencen, beomeasseky, by detaisl ed vi ew
over i m zone,in, orde o dj,scern the details of,a point of interest
or fzoo‘;1 réaad%%gkpu(;3 Bg’(ég.grl n{s%éaddic')l?e usﬁr}1 7% g’reaf-a'gfeé‘r mEHgd ﬁaawiéitﬁ&n
process usirm@nttherddAMIit fseetbigir eo8rage kaneibeabomes@eser thedugnhiach
allows to reducrfgethe asiirgand of the transmtted data when the stinulation
sequenc_epélr?&et KT n era§‘darae EB‘?&‘E%‘EYféPdeé’@ﬁﬁena%%’_,ClI&a%%’_écilinOp
?dd[) essi g r ocA8S1 Han ahgeakfce "PheaBatedehesal | oW the, SLLPU At i QRsgi tes
o0 be
controller 166 controls most of the components of the
monitoring unit 46 in accordance with the various control
signals produced by the monitoring commands generator 72 (see
Figure 8). A sample and hold circuit 168 is provided for the
transconductance measurement.
Not shown are the diagnosis signals to/from the
30 controller’s diagnosis controller 78 (see Figure 8) for
testability and the power management control signals from the
power management module 60.

It should be noted that in the case where the implant 4

is intended to be used solely for monitoring purposes, then
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20 chosen according to each inage to be transmtted. Then, by setting a
light intensity threshold under which the stinulation effect is considered
to be negWbDgrhbm®s certain pixels of the image will be si mpCF/NGPEFAr ded by
the external unit 6. As a result, power consunption can be thereby reduced
while the image refresh rate is inproved. Preferably, the threshold is
adj ust ablag li ther ddrrcvd th 0ff ithendt@ lehé gi welkd tfonbeibnansnilyt edlbrie t hose

30 The. | i1 GHIE SYRTTA Sbbr O g LB Re PhyEHIMOR ot ohe. ZRArpRod i

exanmpl e Wheh amgildd@asound; s£aeeih (Nod  shewnthayl 8gidn! asggnkigl d a0k
detection, preferably set as a function of the mninumzoomof the canera 8
.or | ar gerreqrigwddi nfuchf esndilicorcase t HBepr dhiar igpbintdet edtseduddfedios, 30 v

whi ch i nf t.i_on_ af h Lght i S ] t i_n.
Such a sySPlRiro i apfiseneerbaih, BT idatd TPESUEFly | Brbb-ERd Gar i
‘or cl ear A@maxitdasidueadbs she be sewstoMddouFor egitiampe, vitdeal DREsO® ti on

of the surrounding gb' ects, which may be difficult to_achieve at a | ow
2

resol uti qe.t 5§ 255 LIS | 0 mb ot FentBeof SEARYLRRYBRL | GRTHEVESheen

i 11 ustratgd dnddie gf cmantigg«disaw-ags randndeseti kadsabave, chlew || be
evident to those skilled in the art that changes 10 and nodifications may

be made t her eiRefgintiog Wepbvaurry ¥ronthdecbesbhedeofelactipnvedtricon.t A1l
Suchy0C114 ol 088 Rt U S5, DELLEYSE (bBple. 1 DO e paiong o, e
body i nplcantprAssenp| 95 c@yleictiing: channels 122 provided with channel
decoders 126 for activating up to 25 sites simultaneously.
Each site can be activated in both directions by means of
switch arrangements 124, depending on the sign bit (signal
Sign #x) for every channel.

A test channel decoder 128 selects which channel has to
be monitored. When a specific channel is monitored, the
current from the corresponding channel stimuli generator B84
in the stimuli generator wunit 44 is deviated to the

20 monitoring unit 46 through the MonSrc 1line 130 and the
stimulation current comes from that latter unit through the
MonStim line 132. The channel stimulli generator 84 is
notified that its channel is being monitored with the
MonChan#x signal transmitted to corresponding the channel
controller 86.

The electrode selection circuit 48 may be provided with
a calibration channel circuit formed of the channel decoder
102 and a calibration network 134 and used by the analog
monitoring unit 46. The calibration channel decoder 102

30 selects an appropriate known resistive element value. This is
also used in the continuous monitoring process, generating

the appropriate reference limit voltage VRef.
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an electrode array having nmultiple adjacent el ectrodes directed towards
respective stinmulation sites; an antenna; a full custom m xed-signal chip
i ncl udi ngwe otmeémscei ver circuit coupled to the antenna, aRCARCANYOIDT
transformation circuit coupled to the transceiver circuit and powering the
10 full custom m xed-signal chip fromenergy contained in a control signal
recei ved by t ety amfcenadpgcimddiip)lexecentlrid | procbmethed nomittloering

transcei ver, circuit ,and ocessjng operation data containgd in the control
si gnal re‘éréjr’?/ecf%;ywtlﬁg tgéﬁsc‘éﬁ’jv%%eci PEHY° aftYa B??‘ﬁul?fgeer}@rc&‘[ré’rdcecﬁ rcuit
connect ede oo Nt ¢ edndns-wrenardd n@sst iinngl.ati on signals in
accordance with the operation data; an el ectrode selection circuit

.connected to thRfentiimg itydnicfuoridi thane difd SheWM@ Rasedidls £asmaiut s
for transgkssi on.Afnd St i i i t | 0 ; t.he
el ect rodegsqfi% éa)tccorIldlaér}agtef(é\1/?t ﬁ%&}pzﬁq?g% égftd}e lgﬁjt&%glts&%oggt%%su%port
-havi ng a thespreseetr éneewnitignt hanf WHe ciblwatr txed- sagaal tilei ontznd

antenna and t he Zg;cectrogl Ee ection circuit, and a second, oppasite side
et v, NN ok oA bhiel Br PAGS LRS! PFoLPuaTast iy CCOMCRSE A1 SF ound
the full sustom ph&egosiedNderitil 43 ARG GOEES edat Orhbe 1 QukpuULs i8h tihes

el ectrode selection circuit respectively, the second side having an array
of adj aceardcbine ad2ata al #§rnelolkt Fhahdeashndaséducsione dife@arodntain

respectiv , t [ L d C ' el ng
i nt e?@onngcjz%(e%£ ?Sg%\gé;%?&ge%;:/@%’o (?%%Jerﬁlﬁg 8{}1 at?\deel %L%ecs:do%ﬁazc o|doepn' circuit
across the substsaseisnppeually? starts Tietlbody comtligir a&d ey no ceoor di ng

to claiml, wherein the interconnectiogn circuit conprises gircuit |ayers

made in t hRSRuFNS atE1BUFEE P ranBeE A8 kP be S@Eh 1t hBCSPYEdnghet20fth4 he |
circuit |ayessatdd®r @@ﬂ&ggtuirragibhe gt Onihhe didridmist ey Woih dhe

contacts on the second side respectively. 3. The body inplant assenbly
accor di ngerbeEral munitnher eilf t Ae REGWMleot sabhsehe fihest ddpdaoaie mode

di stri but in.a s nat ecshitte er.n _ovar. . | ac set s of
r ows surrgg%\%‘?snggt%gnﬁh%)fgiggstggmgr#éegpglié afi%gh;ég‘;gl;t\r% T’.ur%é&%’o?c?y ci’frrpl ant
assenbl y abeosgshgmt o Féhailihyl, athaerg ntindie shbspoakce swypR@anamas ode

substantially.flat, fron ortion, eddi ng the full custom m xed- si gnal
chip and ERESLFRobpEaBREeRREY SRIE R "t ah ohkl PEE PO CRMEGRSTT
proj ecti ngobehidgbddepdhont copsthPrisnd recei ving the el ectrode array, the

first and second sides of the substrate 20 sugport bei ng on forenost and
rearnost facesTkf ¢prfigorathpy wede poEt PBnEhrespadEndeWprd <1,0> ==

20 00 allows to define several variable parameters related to
stimulation or monitoring.

The first five configuration registers CRO to CR4 of the
configuration controller 62 (see Figure 8) define the
communication protocol during stimulation. The next four
registers CR5 to CR8 define many diagnosis parameters, the
first three being dedicated to the analog monitoring and the
last one relating to digital diagnosis of the system.

Referring to Figure 13, the definition of the parameters
in the ©registers CRO-CR8 is as follows. The Partial

30 Stimulation Word Chain Length (PSWCL) parameter defines the
number of sequential stimulation words that are sent without
interruption. The Amplitude Flag (AF) parameter defines
whether the stimulation current amplitude is specific or

common for every site. The Amplitude Word Length (AWL)
22



the contacts on the first side project through and appear behind the front
portion around the rear portion; and the interconnection circuit conprises
a seri es v ofgobpheral contacts surrounding the array of BAT/&€A6#e13¢bnt act s
on the rearnost face of the rear portion, a wire bond interconnecting the
peri pheral contacts with the contacts appearing behind the front portion
respecti yRlame®Rd GlerGlkls kakehsmbREE ofNpliRe EpaEiFYEhigoRn_Ndmplackad
between 30 the rearnost face and a forenost face thereof, the circuit

| ayers i mfer Eoanadinyg athenpeeuprantal dbat dtiksen Phrekdoar relasf (RFacent
contacts r tivel Ve : The. . 10l ASSE cgardi to
clain11,Rﬁ¥§£§ﬁ$ﬁré§%%ﬁ§%chgtgﬂsngﬁg'?g%gﬁgﬁ 3&#% |ncrggggét%grgkg%Frode
.sel ecti on sCigpauiitfi b .oxTheniody fiorpleaetr yagderebl Thac Caldien@ura tdloai Moz d
wherein the antenna extend on the sybstrate support rgynd t he t%IL custom
i xed- oi GIRNSTChi DV PRE SBEHF T ABEARE SasLenBITPREc SrAPAG S SPECHERLEY 10
‘wherein i fdiils £ URHQAPIHNX QEF $haNal 16t R tikel YdeS e tTOMHO MG rphacld t
coupl ed between the el ectrode selection circuit and the controller, the
moni t or i MpxEtican t Flagi AgDRdafnaramatier ofefirest ifultdig odespgndledvieen
response 1.0 .t an contr Si i d control |l er -.dependi ng
on the op}:erlreay?gﬁ da agsf%sanakt ﬁ!ahnesm@?ﬁnﬁéaﬁzgﬁmﬁrﬁ%ﬁ%ngg t%p?%{"af%:%n%rrol | er,
t he cont radonein pfoceesetry tdic aredBhe eTanksphndet NS idn NPokasStLanedl t
signals to the transcejver circuit for em ssion _out, of the bady inplant
depehfi ng ‘I i hePopaPatfbndgitacsoFhe HHRPSHAPT Mt tht SBESLEBEYIaddSr di ng
to clai mdelhaseinedhened eghs osiea & ayri shande:phihk9eamatdhe .matgri al
and has a 1 ¢nR cross-section, the el ectrodes conprising hundreds of

needl es diammdrbubeplibudews CANE) cadamametar odefihes] tdrep smpéstedet iocdh, and

t he subst,r.at e .s ort. has _a thick Ssubstantially less thannl1 mm_ 9. The
body irrpltat}ﬁ Satslse altyloéjcccélrrcﬁe%é: tlge iﬁ%zi'lsmp%’,ra eécreé:i 3r'gLSt I?é’mrliné)éldlnfeosr aVé Yan

aver age heiight Tie lcbmfithapdlaee D3 Saced(dFmm pacansdehedelfy né80 yhs  10.
A body i onprisin el ectrqde ,array having, nultiple aggacent

| ant coa .
electrodggqﬁ?ea?ﬁ t%%ﬂagﬁstggs&éﬁﬂ Qﬁﬂqnﬁﬁﬁﬁ%ﬂFs?Fe§bls pardmeter

is common for every site. The Common Interphase Duration
(CID) parameter defines the delay between the two phases of
the stimulation current if this parameter is common for every
site. The Stimulation Clock Time Base (SCTB) parameter
20 defines the frequency of the stimulation clock 70 shown in
Figure 8. The Stimulation Sequence Channel (SSC) and the
Stimulation Sequence Site (SSS) parameters are used to fill
the Stimulation Sequence RAM 64 shown in Figure 8. The Low
Pass Filter Cut-off Frequency (LPFCF) parameter defines the
cut-off frequency of the Gm-C low-pass filter 150 shown in
Figure 10 in the monitoring unit 46. The Monitoring Clock
Time Base (MCTB) parameter defines the frequency of the
monitoring clock 76 in the controller 40 (see Figure 8). The
Monitoring DAC Amplitude (MDACA) parameter defines the
30 amplitude of the output current of the DAC 90 (Figure 9) for
continuous monitoring. The Calibration Resistor (CALRES)
parameter defines the reference equivalent resistor in the
calibration network 134 <for continuous monitoring (see

Figure 11). The Transconductance Range (GMR) parameter
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34 an antenna: a transceiver circuit coupled to the antenna; an AC to DC
vol tage transformation circuit coupled to the transceiver circuit and
provi di ngyopues power supply from energy contai ned i n aRCT/HNOHAL37¢€ont r o
signal received by the transceiver circuit; a controller connected to the
transceiver circuit and processing operation data contained in the inplant

control gj.g9al.sr 638 V?QiQYOEh%hTer ASERA N tdd ; arkl B 54+ MUl ik gerer at or
circuit connected to the controller and generating stimulation signals in
accor dandd-awireh 10he ofbeat Pepiddetor arfihzrent ediande SEOCEOt | ®A rermecsitt

connect ed t ween e .stinulij at ci [guit _an I ryay,
t he eIecf*b gefel%%gi5%&%ﬁ$c%?€9%§£i%88§glé% agﬁg d%%%%%%gfg%%%%gﬁéﬁ¥%sion
.of the stdsuillakiter sipbal(seeo Bheei dd)aneshef Unlia /Moetilleod@sdén aesar dance
with the %feration data; the controller having a deﬁgger circuit decoding

|

the oper atUMSH R BT nEGELRSE ndEndiTant  @bnfPe er jtopt for

~conf i gur gﬁigqrtaqonaaabh%_%i%t.orfm GIEPNCARINSPEShEEE S{ddRY aba@RmRalAaMet ers
specified I'™n the operation data and respectively addressed to all of the
sti nul at idefigiesesthdnepeer f € bhks of the stdanlichdon it ébe andtaor

stinmul ation, command controller transmttin i I ion ntrol signals to
The ot | mie IR o0 d e | Fhe SEIREIALIAR S10FK, BUhED (BT ERradisdh .
sti mul at i mdqaroaieies s. tAd. Shembddyibnpl anlockccordi ngriguekasm, 10,Thsher ei n

the controller further_has a nenory coupl ed between the 30 configuration
cont 181 | &P @RI st Fhefhti SHEomi¥Rd cRRATIMGERT afdnchsPPhges  the

sti mul at i} SRAUSRF S SReET 16 edrigutdeg pperd i RAMIALE2N] RREPRSSMIHE an
order of selection of the outputs of the electrode selection circuit for
the stimiesdton shgnaldsnesspereintsny . oB5the Stimulation Sequence RAM

64 (Figure 8) to zero. The Continuous Monitoring (CM)
parameter turns the continuous monitoring feature of the
controller 40 (Figure 7) on/off.

Referring to Figure 14, in the stimulation mode set by
the command word <1,0> == 01, the instruction 152 depends
directly on the stimulation communication protocol defined in
the configuration. The instruction 152 is sent as a chain of

20 a certain number (PSWCL) of stimulation words, each
containing 1 to 34 bits, depending on the common parameters.
If the chain is longer than 24 bits, it is divided into
sequential stimulation instruction words of 24 bits or less
for the last word.

Referring to Figure 15, the diagnosis mode set by the
command word <1,0> == 10 allows detailed and various analyses
of the condition of the system, on both the digital and
analog sides. When the first bit of the diagnosis instruction
word 154 is set in a low state 156, the following data is

30 used to determine the information required for analog
monitoring. The instruction is then composed of: a Monitored
Site (MS) parameter, a Monitored Channel (MC) parameter, a
Monitoring current Amplitude (MAMP) parameter, and a

Monitoring Options (MOPT) parameter. The MOPT parameter
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12. The body inplant according to claim 10, wherein the comobn paraneters
conprise an anplitude of the stinulation signals, a duration of pulses in
t he sti myyebpeaessi gnals, and a del ay between two bi pol ar PORERG804 t he
stinmulation signals, the configuration controller storing an indication.
13. The body inplant according to claim 10, wherein the decoder circuit
conpri sesspedirfms dewkstor tded ecithgudataohl fsamsse codlsai nedhat t fthe

i npl ant contraol signal, and an error correctlonégnd command word decoder

pr oduci ngP T ORo M SR TR S t hiet obRe aPERAEERa VRSPt A8 CoRYINEr, t he
conf i gur gff Uh £ MUSARS BANGd he o iYBAIHON (HRMBNG HOMIQI Rg Reing

connected to the error correction and cormand word decoder. 14. The body
-i mpl ant  aice drld rpglatS@ dediwaet0, cumsﬁ’rm richeotltagscei ver circuit has an

out put produci a.clo Si ered fraom.the | t. contro gnal
and transm tt«g@‘%{b% t%é‘er ctg%’[ rold efé% TS aﬁnr%sﬁﬁ ase r FOth& WS yl%l npl ant
-accordingid osekai fh 1G Wigtei Bthbe crfdy olther HfsgAopovercomeagesethgrodul e

connected to the decoder circuit and to predetermned circuits of the body
i mpl ant, $F t@dnt$Bitem yTPurRPRE Sait®@Shr SRt i n'ee cPethi Pdtodsai®tof f in

accor dance, vt i d1e; 0pEL atired 4l avebforA baglys Laphante ooyl si g: an

el ectrode array having nmultiple adjacent el ectrodes 30 directed towards
respecti vleers;tmiattm Sebés vastant érmalorsganr arsaei ¥8r békscwist dafliplest] t o

t he te na; to DC v age transfornation.circuit cQ pI tp th
tran P i BREr S F i P Rn EaRE LBGAAr LelpPreae TR BT il gy
cont ai nednd.-;n: arpit®l aste cosenel shgnal reeeevednly tdignilllaansclia@iodid cuit;

a controller connected to the transceiver circuit and . proce53|ng
oper at i ont REBHUHRAMIWRBFA i n the inplant control signal received by the

transceiver Cigguldad -+ReSkiatyl ':Lrgeé‘%é‘i@ifcﬁéfuﬂné)dﬁ@@”%‘%t eghd 0?]§§\ﬁem,

controller and generating stinulation signals In accordance wt
oper at i onbodt athe first and second bit of the diagnosis instruction

word are set in a high state 162. The controller will then
send the test result back to the external unit 6.

Referring to Figure 16, the power management mode set by
the command word <1,0> == 11 allows to turn any component of
the system on and off. The two parameters supplied in this

20 mode are the power management action (PA), which defines if
the unit/module has to be turned on/off, and the unit/module
identification (MID) that defines which unit/module the power
management action has to be applied to.

As mentioned hereinabove, the stimulation biphasic
current pulses used to generate a phosphene can be described
by three parameters, which are the amplitude, the phase
duration and the inter-phase duration of the pulses. Each one
of theses parameters, as well as the pulse <£frequency,
influences the phosphenes visual appearance. It would require

30 a high data transmission rate to send in real time all the
stimulation parameters as well as the addresses of the
corresponding stimulation sites from the external unit 6 to
the implant 4. In order to reduce this rate, the needed

stimulation data can be transferred as follows. First, each
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an el ectrode selection circuit connected between the 10 stinuli generation
circuit and the electrode array, the el ectrode selection circuit having
sel ect ablwoaptigness for transm ssion of the stinulation si@RICAWBIRE] ect ed
ones of the electrodes in accordance with the operation data; and a

nmoni toring unit coupl ed between the controller and the el ectrode sel ection
circuit, @ndtaentgaddratlers aks ng keifgnahamegs udehiend ab Sed ecoatoanesr of
the stinmulation sites in response to npnitori g

, ng .cont.r.ol, .signal s .and,
pr oduci ng® R ¥%es it tc%‘il%l@liad?ﬁ%%‘% i Eﬁ"farter‘ﬁg 23 G trﬁea_s‘{}“rnéﬂ'b]rﬂq'sl,oq he
control | eg; havi ng 42 He6odey o Cibhadacashng hee20aepefRbi Beddiding.

contained in the 1 nplant control signal, a nonitoring conmand generat or
.decodi ng lhweposi sthasspaci fbas pesareitesd ihavehe opee atpdatedt atargbch
transmttin .tq?.nnnitgring}controg<s%%palst§o tQF nonitaring unit, in
accor danc® W YR 1AL 81 5Gnodts FRstFHR Ois, T8Rid B RgRBSi st Eoth ol T &

-r ecei Vi ngd@rslk Po0s essh NBet Beninest, rasulthsi gapl sthaemcthe bwndpeasifige unit .
17. The body inplant according to claim 16, wherein the nonitoring unit has
an inter Ng$1RY grPA1e sBlr cEYADFMENED RetremAtieds t 8L O¥Sgnal sSiEHE Heatthe

stimul ati phyglongl s; deprOdi pg,aR:E8S AORLERr 'b'%ﬁllw%%!ﬁt (@l LONAFa1 By 4 T eNt

and voltage measuring circuit neasuring a stinmulation current and a
noni t or edé varidagehacriogs anthoAi- t dfleel oheicke tbE sthimil apbhoamsiees |iare

t di.r f the stjmul ati 37 Si | k
det olor HUHERR| RE BCREAR.Haghtt BV or2S hERT ol PIEEE Sfd b ARRC Rt 2B or
measuri ngté ppaserbetewean dde 6Fi Amlent idh Cer eBt and 4he ®BRERt Ghedthe

voltage, the test result signals being derived fromthe stinulation
current, ¢eRfhpnratie M€ age and the phase. 18. The body i npl ant

according to chaifpdfy, Whehelfadheodi ageaslaqCoRkio! Il fanect efLo the
transceiver circuit, the test result si gnalls being transmtted from fhe
di agnosi sad9reont wotheepatb tpaeametresceitter RAMcEAL (Faguer $9i as ousedf t he

body i npl ant . dependi ng on the operation data. 19. The bpdy i npl ant
accor di ngB't”E)“&‘F afr e 1%‘?“%1%‘?%?%1 %epala?%ﬁn%gi @‘%&ﬁ??%?r?teré)hagh%o%*éﬁ‘?%%s
Wi th predehet mened 1Gig Ctihé Smehokhe d4pWabh ket ransdl bef88hc¥e@Or Sach
contained in the operation data thereto and to receive resulting test
result si GhaNe tRerddf 1m2ge AhfdayWihpl &t B8APr P P tho davisesct (bl
array havipg) gyitipl e.adj agent elecirodes dhyect %@..tow@f SEERGELL Yon

measurenent” sites; an antenna; a transceiver circuit coupled tot

antenna; parA:terPCGyolither semnsiornme | onder repedciLoegpl 2o tive tthemory

tran ivgz circuit and providing inplant power supply from energy

contdined Ih an inplant control signal received by the transceiver circuit:
This kind of transfer of the needed data makes the

implant 4 highly configurable, allowing the external unit 6
to fully control the stimulation operations and allowing a
higher frame (image) transmission rate, if needed.

Referring to Figure 8, in operation, the stimulation
commands generator 66 combines the common parameter data with
each specific stimulation word to generate the proper
stimulation control signals for the stimuli generator unit
44, indicating in particular the amplitude of the biphasic

30 pulse (StimAmp), the phase duration of the pulse (PhaseDur),
the interphase duration of the pulse (InterDur), the
stimulation site address (StimSite), the stimulation channel

number (StimChan).
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a controller connected to the transceiver circuit and processing operation
data contained in the inplant control 30 signal received by the transceiver
circuit; vaoogheostrode selection circuit connected to the BCECAOQABSTASrTay,
the el ectrode selection circuit having sel ectable outputs for conmunication
wi th selected ones of the electrodes and the respective nmeasurenent sites;
and 38 a NMBeifteaiimgy uria Ghigpired bt weelmen heacoperblitedaand chizenel

el ectrode selecgtion circuit, and .contrpollably.taking.,signal.neasurenments at
The sl oat e Bb Fecb i Be " SR ink i bRs e 0 i ARALE] oY
control Sice ScrndapfQdust8gtheskerewH ttshehed Sy | peycatbve ob .t s gnal

measurenments; . the controller having a decoder circuit decoding the
oper at i orthgat aprewiaiped stamupatippl ants cofpBlespgnal the nodaEari mge

comand r r coding .di ag LS | i O coptajn A, th

operati oﬁ:er%'a ngteg:nrc?qfr gﬁ%?ﬂ' t |engH?§}e] 1 é?r{oér#%%érl %31 cgﬁt ?Aol Egisgggl s&tso % he
-noni t or i Pnbrdl | peatoomednbg Wheh ¢thenwléehgroaitsolietr utidrgmsandnddrp

di agnosi s contraller receiving and processing the test result si | s from
the. moni (AN S 110 10AGT R0 Ditly? PRBPRRL S8 Ahfg PERERH IACR* Biéiei n
the monitgy i ng: URi 515AG18 GHE" Yehhcad w0l agei IBASHILAY cairrelitl HERASH I Ng a
current and a voltagé across a nonitored one of the nmeasurenent sites, a
peak det eot aampekisute ndepepdiakd negnthadétymAmhe vedeag&hearat ianplatsicon

det ector ne rin ) th ren n he vaql t e test
resarP s Gt a5t a3 S B v A I G405 B Gie

22. The hofbpenpsard ancohdi phpahaet! aind Ahe vielwi 8ighel dbagpesir: and
controller is connected to the transceiver circuit, the test result sjgnals

bei ng tr aHAR S Hdm e W& nelo GaEIqee s § & Msas dicdingr d% cuit

for em ssipPWn afnd hechadyadim antodeprndimng e the QPayat itk daitfse 30
23. A body inplant conprising: an el ectrode array having nmultiple adjacent
el ect r odezndli ireea weha sveduia rlanse sl disstiwhASR on sites; an antenna; a

transceiver dﬂé%gérfﬁﬁu%éxkiéhg§e7?nﬁﬁgngktggnal unit 6 has an image

processor and command generator module 174 connected to the
camera 8 for processing image data signals corresponding to a
real life scene captured by the camera 8, in accordance with
predetermined processing operations, and for generating
20 implant compatible stimulation commands causing the implant 4
to produce the artificial image on the visual cortex
corresponding to the real scene image. A transceiver module
176 preferably in the form of a FM bi-directional data
transfer and energy transmitter is connected to the image
processor and command generator module, for producing
airwave-transmitted implant control signals carrying the
stimulation commands, as depicted by the arrows 42. The
external unit 6 is preferably powered by a battery 204.
Referring to Figures 7 and 17, the processing operations
30 performed by the image processor and commands generator 174
on the real life scene 170 subjected to acquisition 178 by
the camera 8 can be a digitalization of the image data
signals to form a digital image 180, an image reduction of

the digital image 180 into a scaled down image 182 having a
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an AC to DC voltage transformation circuit coupled to the transceiver
circuit and providing inplant power supply fromenergy contained in an

i npl ant opolsaboesi gnal recei ved by the transceiver circui PCTELAOONLITHI | er
connected to the transceiver circuit and ' processing operation data
contained in the inplant control signal received by the transceiver
circuit; hsdipdkbigensnat 9§ alHL Ukl ceoRBEEt et #0y t et corhEol dgr iatade
generating stinulation signals in accordance with the 10 operation data;
and an eledtanshmend] eaff i BhecEralpd doiRedidgeneideld fREMsENMANThaEGRS at i on

circuit and the g]le e ,sl ec - ctl ClJ.CLhl .ng
sel ect abl € Ut ph@s é%%gggagﬁ%}j%gctﬁgnrﬁ% %%ﬁdﬁ%ﬁiﬁl y&ggﬁ (I)jf]:%'ltdt‘]ltecel(]ia\'Byn
.stinul at e sigpbdst t ansel ect @nd ofiesmofwhtiloh etlest sadmslbniaac araareasism t h
the operation data; the el ectrode selection circuit including, for each
channel , H&ef 19501558 Li rcuit connected to and operating switch
arrangements i) ACEQEARAEE Wihik Sid em@Pd B0l ridvh &Y CRRLRO!l a SigHt@lnn the
switch arrangenents belng subjected to the stinulation signals and

connect edgemsptidvelntentade (uepusbowrki ghedet sheheosmameelwondse &1 nul |
generator_circuit includin for, each_chanppel si_gnal, nerat or

controll efdmﬁ}ecg %ﬂ%%n%?t%%ﬁ%%og?ggeg%ssi %ﬁ%gg%?/ §ft it%%r EofTe &8 Yo 8a'

regi ster sh¢iguid Feaeuvengwstilaulaliicn eont gohcBlgnatsstt heesdgiadable
generator producing the stinulation signals in accordance with the

sti miVat i BALET ot ke ghai@Uat%ve & YLt W i fROshdE e EHagnt of

control | eEhé”ﬂfiB’fd:rﬂg i heg sifge @ pol arity 30 control signals in accordance

with the stimulation control signals; and the controller having a decoder
circuit decodiGnrg héhepeimagen Id ahssntdieprioperhereapluhiosontbatic

signal, a,confiquration ntrol Ler. staoring stipu ' par ters
speci fi ed AT hgen(%lﬁenrcﬁnlleg% d&teg,h%éﬁéeg s?lg(reml B ?%%%gﬂ n%‘gggh?cribl ﬁ@?e
transm ttpigpdde sifi nuhat iadthawdnaalt signals gavehetst ivnd | igeger at®fe
circuit in accordance with the stinulation paraneters. 24. The body i npl ant
accor di ngPEb2RFeq ntRELAPEF PRI AERIPRGE EY er TR GRRL IGShprS FUE F4§ s¢2and

second sefs Qf 11e@ast aliSt Qeaf c¥Rh Dz DEi 00 Begditeihgad ¢ hey st omy AL on
control signals for a next stinulation while the other "one 10 being uSed to
provi de t beestimagkathiisrkagor@m ofo scgraks ther totakient oft ithd aavanlalbe The

% ) BTk SCSREIRLo SLAMAR, ens machesLanaL ouger ler £ oo
one of thehstwhulathbatsggaml since only the minimum and maximum pixel
20 intensities are useful. With those values, a look-up table
can be built to transform, one by one, each pixel of the
initial image.
Figures 18A-B and 19A-B illustrate scaled-down and
enhanced 1images generated by the image processor 174
(Figure 7), and the corresponding histograms respectively. As
it can be seen, the histogram shown in Fig. 19B,
corresponding to the enhance image shown in Figure 193,
covers a wider spectrum than the histogram shown in Figure
18B for the image prior to enhancement as shown in Figure
30 18A.
After the image enhancement, each pixel of the resulting
image will represent a phosphene that should be created

during the cortex stimulation. To create this phosphene, a

command word must be created to specify every stimulation
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26. The body inplant according to claim?23, further conprising: 20 a
nmonitoring unit coupl ed between the controller and the el ectrode sel ection
circuit, vaodyemotrol | ably taki ng neasurenents of sel ect edPEHEAIYI1IT-he
stinmulation signals in response to nmonitoring control signals and producing
test results signals indicative of the neasurenents; and wherein: the

el ect r odpaseivetkeirpn feiome wiatvefformhehapec lhmwashadeordebah. chanpel magy of
mul ti pl exer circuit connecgted to.the,outputs. assigned to the _ch for
ol echi veToRAEGEIG EoNAEESE by Ao TP TETLHeF GHY RBbGnBtnEgaeaene

moni t or i Y ehannek Shegaliha30 cFFddithe 6@t tpéler ndtl fidest Poriid OhbRg
command gener at or decodi ng di agnosi s instructions contained in the
_oper at i ogudaeatdyd tthodfr%l@i%tlm hgrawie nbRPEBr PAG2BEHELSI RihaPe €§sihey

roni tori ag N b, A0 § e TRRLLBILNO CAANNELATHIBR, tQudle dLeinathRabgode
selectiof Circuit ' accordance with the diagnosis instructions, and-a

-di agnosi $icdrgicalerceldceiwiithy aande psocessahgectheenest thesulttimsilgdlon from

the nonitoring unit. . 27. The body.inpl ant. according .0 claim26 erein
i (‘fr‘Fﬁ'rlisseso% E@ill‘sdeltrbc%ﬁ? PYFEOHITG T hi GRRRPE a1 i t ude

t he noni 6 i e uRPReC

level of @ mhdoredeone af tbeaptidpl abionmsi gndlis a8dag CONMPABANRHW
produci ng an overflow signal when the highest anplitude | evel exceeds a
pr edet er rMeapsd agdfzatyt on0 tiimees Hoird, thine B92F9R ows 8L §Rhl SBenpghgesened t o

the ghagnosi S LOMEOIAl O BLAGESP I8 LRETERL e 2810 A AL LiCiAleatleS! O
system for stimnulating a vi'sual corteX of a bI'tnd person, conprising: a
body i nplaantiniaye .udinsgead, ebhestaadeeglieay chavisng beulstilplct eadjiac enich a

el ectrodes apglicable agai nst the visual_ cortex, of the blind person, and a

mi cro- st AN atRAT nBAARR FEGNEAE AN £ HIRKIZHRN of St ROtel VATV atPayl f or
sel ectivelpeHanesAd i B0ssiinihatbAN RAH ) Wefdee eLRET HRERS 2204 AQWICT NY
phosphenes on the visual cortex representing an artificial inmage in

r esponse tigeai riwavelepsetvedThepl Bhextlohtiby stfndibe dmblantextssratam unit
i ncludin i nsQr. a . t_ake r e im Js

pr ocesso?acgérlo &(:Eg%ia?lg }%ﬁergﬁgégﬁl\egﬁs a(;allc()lnon"gsct gggt ?%%eoifnagrgys?r%sé&r or
processi ngrdrnrmigey dadquesiognang frhed weoed il rtatd onmagfe thensapliantacc aridance

wi th predeterm ned processing operations and generating inplant conpatible
stinulaii{hﬁ(ﬁﬁﬂﬁuﬁééWﬁﬂﬁﬁ‘ng the body inplant to produce the artificial

i mge on the Hefualrie@f ttex Blyeedd espandi nO,t aHhec ke nSLefitMBYGaaNd a
transcei ver circuit connected to the I mage processor and command gener at or

nmeans, fdve pPBAERSR Wifhade- qomawadaatd®n eeht 18Bnfesl onmgmuiscatiraryi ng
fjihgi t%g: %ﬁ%g%og%gﬁgﬁ:ﬂ%gte*@%@r OCRSRhNY PRET AL PASHIAGL H "%l test
purposes. For example, to test the system, easily
recognizable shapes may be used to test the phosphene
apparition parameters, as mentioned hereinabove. Those shapes
can be generated by the external unit 6 in response to a test
request issued by the computer, as inputted through a user
interface 190. The user can select different patterns 192 and
adjust the parameters 194 on the fly. For example, a square,
a cross or a circle may be selected, each of which can be in
a solid or outline form. Character generation can also be
30 implemented to enable more complex shapes. For greater user
control, those patterns may bypass the usual data pathway and
directly generate the command words in the external unit 6.

The user interface 190 may display a source image 196 as

captured by the camera 8 or from another source, and the
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data signals to forma digital inage, an inmage reduction of the digital
image into a scal ed down i mage having a sane resolution as the el ectrode
array, ansdoam4emmge enhancenent of the scal ed down i mage PETAAMM B
enhanced i mage corresponding to the artificial imge produced by the
inplant unit and fromwhich the stinulation commands are generated. 29. The
artifici %br\_fia%;@fidiﬁét efmags ondisngréQuebai a8 thehergspltibeoh Mmage eaguction
conprises a determnation of an 10 average |light intensity on conpl enentary
areas of eﬂﬁétépéﬁt arriayaged colier Lhy anprBaefeiatied TharbEpdaFeddjinagnt
pixels, SachiPeoRl LACLHR' RASAGRN' £ARODALRY LeLARE She! Beog! BELAOAGRAOT Lhe
el ectrode arra he st nulation conmman el ng pro uce unct1 on of
.the averaget! P_gbt intensity. 30. The artificial vision system accordl ng to
cl aim 29, wherel n the i mage_enhanc msnt conpri ses ? Ilnear #

equal i zati on Bft BRE180aly HOAH Endge HARe&30% SRaxt mi
rintensitigs;dl 8Ct Lk d Tt 16h Sﬁ%bQ@dQH?’” drffBGQec%Qoﬂ?ic zoom funct
. AYy. AY9y. AI Oe. AA9. AY&. Al 9. A9y. A{ & AhL. AA9. Al hL. ALy. AU9. AL?. AUL. A{ 9e "A{9e. A
A9, . AA9? SARhAEIjS eAgpra{ &2nAlkgRuABIREAUGdapEORhAULON resolution of the
&e. Al 9. Ah9. Ah AY, 3{ & A &R A L U %?@A\B
EHKt uvz{ lm|a“|g§&zup éﬁ%ﬁ%écg]o icaﬁ%ﬁ?@é]?ca] ca é\a?ca]\%:sa]a@a a] %Q]A cajc:
a] cLa] calsdzhaaliea] cial cahtahcajlza] esgcaliea] ®jxxabkaap&d) -thd 4dder may
o SMBRBSBHHHH=T PPPQVVWZ
] zt of B_ZIGPORFEAPEHFER] CalCRYPEA] ¢ 8] c AV EXUPC APESFe fedre ffc a]léa]oeapea] ca] ca
Ul ca] ca] calveskealcalLalcrd cadgal cad cabel &' 1M ed zone in_ ord
ccdd/ jrilxlylt#t$t zz+{ 1{2{FLM gcdU\ {upj e [V]] ca] ca] ca] cal] ca] caU] ca] ca] cajc
a] ca] ca] @h]scarma]@aq cdptajiés] f] caUpoahta)aa] éatheaptalan] €at cajeealio] ca! Cl
Jef #}wr rmc"Y V] ] c] ca] ca] ca] ca] ca] cal] ca] calU] ca] ca] ca] cal] ca] ca] ca] ca] ca]
ca] ca] caj calf]plo Ca] ca] caU] ca] ca] cal] ca] ca] ca] ca
ekl t uD *qEKLqfupkikaldV] beaULsahga] £ a]gadeeddasiroad caldb]«a]ia] calealeea] cal ca
] ca] ca] ca] ca] ca]ca] ca ]cca] calcaUlca]c Lca ] ca caI
| owr nhc"\}‘]s]l@]gca’}}c%] Béﬂ §%a] é&Fca‘]’éﬁ]rc?a] g ] &5 c ?E%}E%@&Fca”]‘?@aﬂr&éﬂe@a} cajca
] ca] cal] Galical cAlicAlLalsat caled] €8 CRhs 5988 (6€ tRe transmitted data
+| wr mhc”Y] ] c] ca] ca] ca] caLca | ca] ca] ca ca] cal] ca] ca] ca] ca] ca] ca] ca]caJ ca] ca]ca
] ca] ] ca] cdlera] Ehpcaftape %a?ea]a;%qub@\sadl(- ymety«gpwe%mm:(s) MI3MLOYE,

()- S@m'oi/gé&(s)t ni:ogﬁc/ )(e)f:-xcfm 0137%)/ ()aLs{p;—}g{@l(:) aE(ﬂﬁSp :Yr]‘é)o%)rocess can

piaxel

"10%c
also be implemented to allow the stimulation sites to be

20 chosen according to each image to be transmitted. Then, by
setting a 1light intensity threshold wunder which the
stimulation effect is considered to be negligible, certain
pixels of the image will be simply disregarded by the
external unit 6. As a result, power consumption can be
thereby reduced while the image refresh rate is improved.
Preferably, the threshold is adjustable in order to
discriminate the pixels to be transmitted from those to be
discarded. Other suitable addressing methods can also be
implemented.

30 The implant system according to the invention can be
equipped for example with an ultrasound sensor (not shown)
having a large field of detection, preferably set as a
function of the minimum zoom of the camera 8 or larger,

providing information on the proximity of detected objects,
30
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R ' 10%&Hich ;infooeation affert9okhe) light MingeRsiry mmansgdgted top

108l 1({9@% ! lbrjaQ.%& (%ﬁggM éocyg?i/égém 1QJOJU9.C1 allow the user to move

10

smoothly by following the dark or clear zones that he or she
sees, without reqguiring visual recognition of the surrounding
objects, which may be difficult to achieve at a low
resolution (e.g. 25 x 25).

While embodiments of this invention have been
illustrated in the accompanying drawings and described above,
it will be evident to those skilled in the art that changes
and modifications may be made therein without departing from
the essence of this invention. All such modifications or
variations are believed to be within the scope of the

invention as defined by the claims appended hereto.
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a full custom mixed-signal chip including a transceiver
circuit coupled to the antenna, an AC to DC transformation
circuit coupled to the transceiver circuit and powering the
10 full custom mixed-signal chip from energy contained in a
control signal received by the transceiver c¢ircuit, a
controller <connected to the transceiver circuit and
processing operation data contained in the control signal
received by the transceiver circuit, and a stimuli generator
circuit connected to the controller and generating
stimulation signals in accordance with the operation data;
an electrode selection circuit connected to the stimuli
generator circuit and having selectable outputs for
transmission of the stimulation signals to selected ones of
20 the electrodes in accordance with the operation data; and
a substrate support having a first side receiving the
full custom mixed-signal chip, the antenna and the electrode
selection circuit, and a second, opposite side receiving the
electrode array, the first side having contacts lying around
the full custom mixed-signal chip and connected to the
outputs of the electrode selection circuit respectively, the
second side having an array of adjacent contacts aligned with
and connected to the electrodes respectively, the contacts on
the first and second sides being interconnected respectively
30 together by an interconnection circuit across the substrate

support.
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3. The body implant assembly according to claim 1,

wherein the contacts on the first side are distributed in an

10 alternate shifted pattern over two adjacent sets of rows

surrounding the full custom mixed-signal chip; and

4. The body implant assembly according to claim 1,
wherein:
the substrate support has a substantially flat front
portion embedding the full custom mixed-signal chip and the
electrode selection circuit, and a smaller rear portion
projecting behind the front portion and receiving the
electrode array, the first and second sides of the substrate
20 support being on foremost and rearmost faces of the front and
rear portions respectively;
the contacts on the first side project through and
appear behind the front portion around the rear portion; and
the interconnection circuit comprises a series of
peripheral contacts surrounding the array of adjacent
contacts on the rearmost face of the rear portion, a wire
bond interconnecting the peripheral contacts with the
contacts appearing behind the front portion respectively, and
circuit layers made in the rear portion and stacked between
30 the rearmost face and a foremost face thereof, the circuit
layers interconnecting the peripheral contacts with the array

of adjacent contacts respectively.

33



10; 109&' () - XxYZZZ\ ]xV7-\:111L $109Z& ()-!IL' $10%& ()- |L' $10%& ()-! @ 10%
& ()- 11'10% ()- '1' 10% ()-

] #£g£%1§£w?%€/4giigzyé§- '(;I.O%' ;'(&' ();/\dl\/ggd' 10%3:&; ()16('\?8 9:' 10‘V&C(TWQ1.3!710(V&3&' ()
- y - eac wuo=! |

100C! 9: ' 10%0C& () - MB! 9: ' 10% : & ()-MB! 9:' 10% ' & ()- MB! 9: ' 1096 " & () - MB! 9: ' 10%
++& () - I\/dedf 51/ Thd J%dy 1(1®©lhnltl $86e@bly- 4CCADRNG) -tOB £1E0% } &, () -

%' 10% " & oz IkrIuIvI Xl vyl P=I'l 10CC

T ki 1OEEEIR SENe 1 obuLl) . RSP | Te¥efTSidnAL | FhiBoogpriedes. the

1f1, $10% lect

mnopqrm%%%l—:rtfﬁgglga&?f) o8 O v ()-: 6! X& 10% ()-:6!1& 10%& ()-:6!1& 10
Y& ()-:6!6 & 109%& ()-: 6rt

CHETEH SO\ ur B &8y 20 () 369 A0 00399! 0By to claim 1,
wherein the antenna extend on the substrate support around

the full custom mixed-signal chip.

7. The body implant assembly according to claim 1,
10 wherein the full custom mixed-signal <chip includes a
monitoring circuit coupled between the electrode selection
circuit and the controller, the monitoring circuit taking
measurements of the stimulation signals in response to
monitoring control signals issued by the controller depending
on the operation data, and transmitting the measurements to
the controller, the controller processing the measurements
and transmitting test result signals to the transceiver
circuit for emission out of the body implant depending on the
operation data.
20
8. The body implant assembly according to claim 1,
wherein the electrode array 1is made of biocompatible
material, and has a 1 cm? cross—section, the electrodes
comprising hundreds of needles distributed in rows and
columns across the 1 cm? cross-section, and the substrate

support has a thickness substantially less than 1 mm.

9. The body implant assembly according to claim 8,
wherein the needles have an average height of 1,5 mm and are

30 spaced from one another by 400 pm.

10. A body implant comprising:
an electrode array having multiple adjacent electrodes

directed towards respective stimulation sites;
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10z 10z a controller connected to the transceiver circuit and
processing operation data contained in the implant control
signal received by the transceiver circuit;

10 a stimuli generator circuit connected to the controller
and generating stimulation signals in accordance with the
operation data; and

an electrode selection circuit connected between the
stimuli generation circuit and the electrode array, the
electrode selection circuit having selectable outputs for
transmission of the stimulation signals to selected ones of
the electrodes in accordance with the operation data;

the controller having a decoder circuit decoding the
operation data contained in the implant control signal, a

20 configuration controller storing common and specific
stimulation parameters specified in the operation data and
respectively addressed to all of the stimulation sites and
specific ones of the stimulation sites, and a stimulation
command controller transmitting stimulation control signals
to the stimuli generator circuit in accordance with the

common and specific stimulation parameters.

11. The body implant according to claim 10, wherein the
controller further has a memory coupled Dbetween the

30 configuration <controller and the stimulation command
controller, and storing a stimulation sequence specified in

the operation data and representing an order of selection of

the outputs of the electrode selection circuit for the

stimulation signals respectively.
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decoder circuit comprises a frame detector detecting data
10 frames contained in the implant control signal, and an error
correction and command word decoder producing command words
forming the operation data for the controller, the
configuration controller and the stimulation command
controller being connected to the error correction and

command word decoder.

14. The body implant according to claim 10, wherein the
transceiver circuit has an output producing a clock signal
recovered from the implant control signal and transmitted to

20 the controller as a timing base.

15. The body implant according to claim 10, wherein the
controller has a power management module connected to the
decoder circuit and to predetermined circuits of the body
implant, for controllably turning said predetermined circuits

on and off in accordance with the operation data.

16. A body implant comprising:

an electrode array having multiple adjacent electrodes
30 directed towards respective stimulation sites;

an antenna;

a transceiver circuit coupled to the antenna;

an AC to DC voltage transformation circuit coupled to

the transceiver circuit and providing implant power supply
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a stimuli generator circuit connected to the controller
and generating stimulation signals in accordance with the
operation data; *

an electrode selection circuit connected between the

10 stimuli generation circuit and the electrode array, the
electrode selection circuit having selectable outputs for
transmission of the stimulation signals to selected ones of
the electrodes in accordance with the operation data; and

a monitoring unit coupled between the controller and the
electrode selection circuit, and controllably taking signal
measurements at selected ones of the stimulation sites in
response to monitoring control signals and producing test
result signals indicative of the signal measurements;

the controller having a decoder circuit decoding the

20 operation data contained in the implant control signal, a
monitoring command generator decoding diagnosis instructions
contained in the operation data and transmitting the
monitoring control signals to the monitoring wunit in
accordance with the diagnosis instructions, and a diagnosis
controller receiving and processing the test result signals

from the monitoring unit.

17. The body implant according to claim 16, wherein the
monitoring unit has an internal signal source module

30 generating test signals used as the stimulation signals
depending on the monitoring control signals, a current and
voltage measuring circuit measuring a stimulation current and

a monitored voltage across a monitored one of the stimulation

sites in response to a corresponding one of the stimulation
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result signals being derived from the stimulation current,

the monitored voltage and the phase.

18. The body implant according to claim 16, wherein the
diagnosis controller is connected to the transceiver circuit,
the test result signals being transmitted from the diagnosis

10 controller to the transceiver circuit for emission out of the

body implant depending on the operation data.

19. The body implant according to claim 18, wherein the
diagnosis controller has connections with predetermined
circuits of the implant to transmit test vectors contained in
the operation data thereto and to receive resulting test

result signals thereof.

20. A body implant comprising:
20 an electrode array having multiple adjacent electrodes
directed towards respective measurement sites;
an antenna;
a transceiver circuit coupled to the antenna;
an AC to DC voltage transformation circuilt coupled to
the transceiver circuit and providing implant power supply
from energy contained in an implant control signal received
by the transceiver circuit;
a controller connected to the transceiver circuit and
processing operation data contained in the implant control
30 signal received by the transceiver circuit;
an electrode selection circuit connected +to the
electrode array, the -electrode selection circuit having
selectable outputs for communication with selected ones of

the electrodes and the respective measurement sites; and
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result signals indicative of the signal measurements;

the controller having a decoder circuit decoding the
operation data contained in the implant control signal, a
monitoring command generator decoding diagnosis instructions
contained in the operation data and transmitting the
10 monitoring control signals to the monitoring unit in
accordance with the diagnosis instructions, and a diagnosis
controller receiving and processing the test result signals

from the monitoring unit.

21. The body implant according to claim 20, wherein the
monitoring unit has a current and voltage measuring circuit
measuring a current and a voltage across a monitored one of
the measurement sites, a peak detector measuring a peak
magnitude of the voltage, and a phase detector measuring a

20 phase between the current and the voltage, the test result
signals being derived from the current, the voltage and the

phase.

22. The body implant according to claim 20, wherein the
diagnosis controller is connected to the transceiver circuit,
the test result signals being transmitted from the diagnosis
controller to the transceiver circuit for emission out of the

body implant depending on the operation data.

30 23. A body implant comprising:
an electrode array having multiple adjacent electrodes
directed towards respective stimulation sites;
an antenna;

a transceiver circuit coupled to the antenna;
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&I()_&G!E{Ielog/fﬂansceiver circuit and providing implant power supply
from energy contained in an implant control signal received
by the transceiver circuit;

a controller connected to the transceiver circuit and
processing operation data contained in the implant control
signal received by the transceiver circuit;

a stimuli generator circuit connected to the controller
and generating stimulation signals in accordance with the

10 operation data; and

an electrode selection circuit connected between the
stimuli generation <c¢ircuit and the electrode array, the
electrode selection circuit having selectable outputs grouped
into channels for transmission of the stimulation signals to
selected ones of the electrodes in accordance with the
operation data;

the electrode selection circuit including, for each
channel, a demultiplexer circuit connected to and operating
switch arrangements in accordance with site and polarity

20 control signals, the switch arrangements being subjected to
the stimulation signals and connected respectively to the
outputs assigned to the channel;

the stimuli generator circuit including, £for each
channel, a signal generator <controlled by a channel
controller assisted by a timer connected to a register
circuit receiving stimulation control signals, the signal
generator producing the stimulation signals in accordance
with the stimulation control signals, the register circuit
and the channel controller producing the site and polarity

30 control signals in accordance with the stimulation control
signals; and

the controller having a decoder circuit decoding the

operation data contained in the implant control signal, a

configuration controller storing stimulation parameters
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register circuit comprises first and second sets of
registers, one of which being used to load the stimulation
control signals for a next stimulation while the other one
10 Dbeing used to provide the stimulation control signals for a

current stimulation.

25. The body implant according to claim 23, wherein each
signal generator comprises a digital to analog converter
producing an analog current signal forming one of the

stimulation signals.

26. The body implant according to claim 23, further
comprising:

20 a monitoring unit coupled between the controller and the
electrode selection circuit, and controllably taking
measurements of selected ones of the stimulation signals in
response to monitoring control signals and producing test
results signals indicative of the measurements;
and wherein:

the electrode selection circuit further includes, for
each channel, a multiplexer circuit connected to the outputs
assigned to the channel for selective monitoring thereof by
the monitoring unit depending on a monitoring channel signal;

30 and

the controller includes a monitoring command generator
decoding diagnosis instructions contained in the operation
data and transmitting the monitoring control signals to the

monitoring unit and the monitoring channel signal to the
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30

electrode selection circuit in accordance with the diagnosis
instructions, and a diagnosis controller receiving and

processing the test result signals from the monitoring unit.

27. The body implant according to claim 26, wherein the
monitoring unit comprises a peak detector measuring a highest
amplitude level -of a monitored one of the stimulation
signals, and a comparator producing an overflow signal when
the highest amplitude level exceeds a predetermined safety
threshold, the overflow signal being reported to the’

diagnosis controller for processing thereof.

28. An artificial vision system for stimulating a visual
cortex of a blind person, comprising:

a body implant including an electrode array having
multiple adjacent electrodes applicable against the visual
cortex of the blind person, and a micro-stimulator means
mounted on a back side of the electrode array, for
selectively generating stimulation signals on the electrodes
producing phosphenes on the visual cortex representing an
artificial image in response to airwave-received implant
control signals; and

an external unit including an image sensor adapted to
take a real scene image, an image processor and command
generator means connected to the image sensor for processing
image data signals produced by the image sensor in accordance
with predetermined processing operations and generating
implant compatible stimulation commands causing the body
implant to produce the artificial image on the visual cortex
corresponding to the real scene image, and a transceiver
circuit connected to the image processor and command
generator means, for producing airwave-transmitted implant
control signals carrying the stimulation commands, the

processing operations including a digitalization of the image
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data signals to form a digital image, an image reduction of
the digital image into a scaled down image having a same
resolution as the electrode array, and an image enhancement
of the scaled down image to form an enhanced image
corresponding to the artificial image produced by the implant

unit and from which the stimulation commands are generated.

29. The artificial vision system according to claim 28,
wherein the image reduction comprises a determination of an
average light intensity on complementary areas of the digital
image covering a predetermined number of adjacent pixels,
each one of the areas corresponding to one of the electrodes
of the electrode array,. the stimulation commands being

produced as a function of the average light intensity.

30. The artificial vision system according to claim 29,
wherein the image enhancement comprises a linear histogram
equalization of the scaled down image based on maximum and

minimum pixel intensities detected in the scaled down image.
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