WD 02/ 40095 PCT/ CA00/ 01374 BODY ELECTRONI C | MPLANT AND ARTI FI Cl AL VI SI ON
SYSTEM THERECF FI ELD OF THE | NVENTI ON The present invention relates to
body el esvooxiw9s i npl ants, and nore particularly to a bodpCeiCact/eidN C
inplant that can be used to stinulate the visual cortex of a blind person
for providi vision, or to stinulate other bog%hgy ans or

b, domeractaial mietisin odles rRaii el Cadd syiheh, Sediion
nmonitoring instrunment for diagnostic purposes. 10 BACKGROUND Bl i ndness is
still no s difflc re. Technol ogi es such as speech
synthesi?@gg¥ g% %g%tE#&Eﬁﬁgéﬁays and dedi cated scanners inprove the

qual ity of |ifgeof doleiseéht pelsautsciph al kovhrds t hew t (dpAd LeXtt 8HF:c

mani pul ate noney. However, for seeing., the situation i's still the same as
a hundré@plaptevenns MesEs Rid iicadarago toSindeody eete¢eadnise i wmphenbn

techni ques,ar ¢.apnld egséﬁ t@@ﬁiﬂuﬁ%‘ﬂ@stﬁ{éce?ié‘? £nhanee . or & LRI gng7 9an
function, a few research teans are working on Fe recuperation of~a 20
limted petrsbunfbiropabvidsngnatroifbtakl yvhéiod, persvasstulanst bonak

Vi si on nggas t hat the pgrsan will be able_to do, w thout assistance, nost
of the t&SRY BEPAGSpAFt COF SBEEr §¥dBGTVEP £ EOT | PEPFI PHEPPRAPt eddi heENO
system i pahhenRArpd uhdee M 14 Rendbbeite nerkacdchhe AR ugdlgNbsion
systemwi th the sanme accuracy. The required resolution and data processing

capabi | | PUEROCEPE-sinply too large. A person is considered legally blind if
a visual dysfunction is present and sufficient to greatly affect his
everyday life. The nedical criterions vary fromone country 30 to another
but,16n gaeetabynbhose who are considered legally blind include a specific
group of totally blind persons. This 1 WD 02/40095 PCT/ CAOQ 01374 neans
that they do Réindeesanyths ngsaidll i veowadayswr Idifficult 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 wvisual
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



conpl ete darkness. The causes of blindness are nunerous. Sone causes
originate in the eye and others are related to the visual pathways. The

hi story oYohs@es vi sual stinul ation began in 1960 when iPCwWaaod/@3ngd t hat
when a specific part of the human brain was stinulated with an el ectrical
current, a fixed I|ight spot appeared in the visual field of the patient.
The par e8RSt Kt afevado| aPEr Siegermtifildinasantel ¥veudn corwerld0odnd t he

light sp c 0s n 68 - S f_clinical
exper i m%%@?grégﬁa?égﬁggggi'sggle gtg}lﬁ%?agj?oﬁl\%\érgégg%i PEY PUBPIeHRq. STRE
experi nepesseer exanieatid hidi frher exte anlt aghescurges andaspacitg bakween
el ectrodes through,an array of 81 platinumelectrodes. In all cases, the
el ectri cgllsugii R%Itgquaé’ﬁ'was done on the surface of the visual cortex. As

research progrrpesed.stwmtabbe ﬁhﬁlﬁﬁvﬂfﬂ&z%l\’\’eé@irﬁ@ﬁgtﬁ&@ 6agahe i surggpi zed

as follows: current based intracortical stinmulation leads to a significant
current FB8Bctitonvaforfoungd abhat pwbsphenesrard facphosphené ititenbiimgnt hat

is 20 propgkhignal tQ ry e Tq,ac ish_the visual stinulation,
two main steps are ns(e)cclgdguggftylé.d Tﬂiet?i (r%ls %ggglérlgggui?%r%erﬁ al i %Xgéene
and genelagbtstipmi stpmrarddifion nehé onisoalstisukatd o RopaatdMer dgheThe

second is_t inj,ect the, proper._electrical .cyrrent to do the stinulation
5 o tgbmjﬁ%lugo‘?’gi l‘_f’ltlEFelgleéltéFlFéla?ts tHiee eV imiget t aREFEx

accordi nBaFo he :
r eserr chaaat itwiet ileisght N§eoeledate ereata 2MRAPRLRY.SIQD 1P6éHg f!e\gﬂgﬂhca'
stinul atign. Each one has its own distinctive characteristics, ich are
the fol | 8hi g1 80°a) REPPAAMSRTAUFELRSR] viHer 8ianadl edtimue daraywese
(o oee natt 5 SRUAN S U TR0 T BEERPES, o
i nconvenivehtegsi neeltdres viagdal sppatiyapetustnbeel atacsdend thunreigronkAg
proPer'yar§8§90?f8&“81a%i¥§hogi§8 ggdggjy ncg%glgzges, the electrical
stimulation was doﬁe on the surface of the visual cortex. As
research progressed, notable discoveries were made and can be
summarized as follows: current based intracortical
stimulation leads to a significant current reduction, more
stable phosphenes and a phosphene intensity that is
20 proportional to the current. To accomplish the wvisual
stimulation, two main steps are necessary. The first is to
acquire a real life scene and generate stimulation
information, or stimulation command words. The second is to
inject the proper 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 1is
inserted into the light sensitive retina. The advantage of
this method is to use most of the natural visual pathway. It

1s an advantage but also an inconvenience since the visual

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



best challenges of this method of stimulation are nmechanical. Since the

el ectrode array is located on the retina, it will be subjected to the very
| arge angud ari4@exel erati ons of the eye. The el ectrode arpPayCANE013be
secured in place very firmy to avoid damaging the retina. Furthernore, to
have a good contact with the retina, the electrode array nust not be

pl anar bbéshushahbe¢rhes hef sphisi mathodt of estofmit het eye. addi Becloppi©ach seens
to be degi cate o] \ii si.on _enhancenent Pec us the visual pathway is

Teey & o

t
i ntact . 6?C%xg'ﬂ%| ELeCENRSS £y dehl Lag? Bt t8Ft F9tddiang ithevill

sensitivbtysabijtbeed RO ifHerddryVisgt8. adhubakt itle 18t AL Yk re the
electrode array is inserted into the brain visual cortex. This nmethod is
al so defYRat B tdleoEEPHS BrraAW Persdrs. secureml ynrebate every fsrminat the

visual ceptexhe intact, gl seans 1o re, than_90% of the
tinme. Research is undeél%(y\ggrreéssft o det ErgﬁEﬂgrﬁg'%%g’t(g%m %?V%ulaat?%%é
ef fects oontéet brdith ahbecetdtimgmagee dud dat rodd ghrdepsihystof nekechd odes,

but the relimnary results are encouraging. A critical step to this 20
met hod igg?lﬁ%r in}ﬂggr %iu(? J¥ 45 @T%C?Plb%lrel%‘?nfaﬁ}aFHF% Phe tha Q- Briex. The

current appreach SHEEESES BHPNRUNTRLIE] FYSLAM: ) M fAn V@ﬁé&é‘é" ation
y

is a newstimulation strategy recently introduced. Qoviously, e visual
pat hway Cthfistipeai npathwproimst Hatepti c Frar exarp iche it swalld dre edxdedhe

exacto nagyre & [ s carnjed . ic_perve is not . thoroughly
known and mr%%@@a%c%@sﬁ}\%eﬁf bgfqérsg%?’gggi blorF]i t%/g%lajﬁ b%e%%?fat ed.
Known i nvideomyt are US patents Nos. 4,551,149 30 (Sciarra); 4,628,933
(M chel son); 5,159,927 (Schm d). . 5,215 088 (Normann et al.); 5,324,315
(Grevious); 5,532 ?§%écaésc%‘iﬁrw§r?fe‘t°“erl Yhegeg e o8l eebredet agray; is

5, 800, 535nséHovar dntbl IYhe 5h88Yn 39T (1Bl QA . PnBY3m20ho6W Lt Rl )

5, 935, 1Sgeéi—|ggtagclimtgt t%lt'a)l;l UK patent application 3 ' .

y blind persons. Its only requirement is
that the visual cortex be intact, which seems to be the case
more than 90% of the time. Research is under progress to
determine long term stimulation effects on the brain and cell
damage due to a high density of electrodes, but the
preliminary results are encouraging. A critical step to this
20 method is the insertion of the electrode array into the
visual cortex. The current approach suggests a pneumatic

system.

3) Optical nerve stimulation is a new stimulation
strategy recently introduced. Obviously, the visual pathway
must be intact from the optic nerve to the visual cortex. The
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



WO 02/ 40095 PCT/ CA00/ 01374 @B 2,016,276 assigned to WH Ross Foundati on
(Scotland) for Research into Blindness and published on Septenber 26,
1979; amdoCummgs an patent no. 908,750 (Brindley et al.) Pewaadl/an374 August
29, 1972, depicting the state of the art. The above patent docunments show

that various inplants have been designed, at |east on a theoretical basis.
However, B GmfRyCprdbl 8ssigrede tshdh Hh&ossi hovesiadsiaro Reothemill nfor
practicegDibfbaulitigsghh r Weltie r o0 | opl apt's for
exanpl e iﬁ t he ?ntﬂelgr at ﬁéﬁhggstgh%ql\% |ugjt}sl%ff]§%§r gj%i%;%%%c igﬁs é%zgt he

m ni at ur ksdt iCamagfi anheavzolte nsyspedn 790e (Bxistiliag ienplant)s exdidilt ohi gh

power copsunpti hey are built, usi separate el ectroni c nodul es that
further E&Q@S%igﬁffigagt éﬁ%ﬁ%?l%ﬁe%ﬁ? 5ggF? 8§e€5?iﬁﬁtat hi gh speed, is
general |y madenwl tdbliescstsnel BolhaRhes COHMPNEALS dME-ild hemplants

el ectromagnetic interferences generated bg this part; it is thus not
i nt egr at 88V PRePhdepégreds thelepfpl ant actheoretionl chasbal dlovheewi se

al low a pedyctiqn Qf.o t he; dimepsipns,and it he onsunpti.on of .t he
i mpl ant : S?nc% an i npl an%gﬁl e syst E%Q‘Wdctlk&di gégfﬁ%%ecccoon%ggen&e%aygom

hi gh poweracaticeg, Diffpowdkissppliy bytren ipwhaidtseod | nkfi seltbusohakrdl y
practicable., A fe des)% n the el ectronics nd the el ectrodes on the

RaBEs ﬁ%%%ﬁgef&& Tt é@t%‘éﬁ?Es%ﬂeﬁtf ofhe Ve&tsrsof a

sane silicon28itced¥Th
few B ectreqdegedbufuntt soRPP! ALt i1HE t didil-anae spuwher off elgetrpdgsein an
array format renmains to be proven. The efficiency of an inductive

coupl i ngS¥&§t&tppliet ke iiskprantiamlanidr te8fikite kigh epewer vepysumpadbecause
the maj ogist y t C UL I, I Lques sed_on, ASK ulation.
This | owélgf f?%%%n%?ep%%gﬁ s){lt%znegdi %?gg?g?gone%&a ?I%t%emd)edsuilreesdngﬁﬁ%ti ons
in the sdmethapl drtke 36ighbhidastr etpmazonpdbhentRidesbghs apemgeachg The

i npl antshu§%d fsoreegl ecggi C Sti rruiiti on_purposes are thus far unable to
moni tor ¢hdngeSP8R%t he' Bl e¥tPBERT 1V ssTRYCi n¥iFfac@isStehca ROAFEEPIAG

functi oncompbawever dhegbbythdesieedrbRaghatt or i apdrglbawethgeguobtion of
the nl||%§ Egis part; it is thus not integrated with the rest of the
implant circuit, which would otherwise allow a reduction of
the dimensions and the power consumption of the implant.
Since an implantable system with discrete components has a
20 high power rating, its power supply by an inductive link is
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 iﬁductive
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



4 WD 02/ 40095 PCT/ CAOQ' 01374 contact with the inplanted system The
majority of the existing systens are unable to process a | arge nunber of

i nputs amdoouspet s (nany tens and hundreds); they are nosPCYCAdEsI3ghed for
a few stimulation channels only, e.g. for a 10 x 10 array of el ectrodes.
Furthernore, the assenbly of inplant electronics with an el ectrode array
havi ng vaJIa‘F@@’C nufblelr dthe eligtleodes i ﬁY§t§Ulrfa’c"éehamamgrLEQluceﬂ dilnensi ons
has so far r Vi td r for oth

aspect s reJFat e%g %ﬁ#ﬁ%&ngggnﬁkg%m F 3”{&%% eRYn)l‘i 5 e‘&f of

the presemputsventi ontpstso (paayi dena hody hu@ic&@d’sqm ccHapl & mbsehy may be
used as stimul atfl ng |ggl ant, on the visual cortex to provide arti f| ci al

vi si on t S FPEACPe? sHRY BF LG 6 PrerChgipn e bat Pohgr stich- afoh FohPtdri ng
device  {orakiByasakhiaceioned. Cah BRSO Nhe AL LA AL | b Lot
measuring_paraneters around an el ectrode- nelronal tissue I nterface.

Anot her ®bgetronicsheiphesaneleatentponrirayt bapyriog de lardmdyungt anf whi ch
is suffi ni. at yri d 20 i ntegratian | evel dap ed for
full andg%i??]té%:%d?%t?ﬁ : |S§S:gat% ehggrig ral® dglé:retdtexQQL U PRE HAEE of }E%r head
of a usenotyetceilviech Imsch gbtyntD@:ﬁl dur abhe, afrunctdonably Jdnexi btgeand has
a | ow power cons i Qn not obj ect, of _the present invention is to
provi de a°PHBHY Fﬁgggﬂg £Qs %‘ﬁ%f Phi HEP R 1l $YREEBHM mi xed-signal  chip
and a | arge nunber of el ectrodes f|tt| ng on a surface having reduced

di mensi ons. Anot her object of the present invention is to provide a body

i npliant sapakhke of storing preset stimulation paraneters 30 actively

useable with real -tine incomng specific stinulation parameters to formthe
stinul ati on siynaPaectnefebier BFP%PEglnéT%FIﬁ’&I ignitie invseitte redbody ne

communi cat &@PSonPc implant which may be used as a stimulating implant

on the visual cortex to provide artificial vision to a blind
person, or for other applications such as a monitoring device
for implantable biomedical measurements, and especially for
measuring parameters around an electrode-neuronal tissues
interface.

Another object of the present invention is to provide a
body implant which is sufficiently miniafurized 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, vyet
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.



WO 02/ 40095 PCT/ CACQ 01374 Anot her object of the present invention is to
provi de a body inplant capable of nonitoring changes on the el ectrode-

ti ssue i mept/awes t hrough vol tage, current and i npedance PERSAP&NMBM s, and
capabl e of reporting these changes to the external unit for diagnosis and
adj ust ment purposes. Anot her object of the present invention is to provide
an inplant Ssttdabhadeeesh ehethpontesapt ahnvenhdonhiich tearprprickess r eal
scene | | pr i qul at| lLectro ar havi ng a
Tt ed Tegh U T 1oaee St (hg R E P REYE  Bapbe Rl ot 1 R
provi dedtBssimdyiritrgt e asisenhigh confirdesjeng: canrmirect raade almipsddaad ng

mul tiple aag%']acent el ect rodes 'hnreect ed towards respective stimulation

sites; AR ETHEAND S f3rF ERBEBM e FSRGFTHP L HF Beshic FhaRAgSa b dikei ver
Circuit souphed toitherantenimods Aad addaMaldAgGuidansd ormation circuit

coupled to the transceiver circuit and powering the full custom

m xed- si gnal ZEME ST RlaEr BE Hontriaseht A neeavritaolisiyharowich vaed by
thetranﬁgﬁrpcr 20sELFCcul nt I nne o the, transceiver
circuit andé/pr ocggsi %gt%%seer(gt i%gln %%% a%%f))?{t%ai 1an ffgrrll't:t heancdon ﬁ?jf:ﬁsi%l
recei vedphycedwe teahsceierer Lhagest foandmpretvienul st JeNELa 8L 66 ofiehC W f

connected, to the controller., and generatjn timulation signals in
accor dan%]ée?/ﬁ]f%ﬁ? 1 ohe i Y B oaa?lalmeﬁ*?c!slr%& Yei ection circuit

connect ed to Adwratingllto Qlf?éle{»@é_é)én’éiiﬁﬂéﬁt@@ﬁi,h%‘ﬁie'i’f% 3¢l ectApl & pUl put s
for transmssion of the stinulation signals to selected ones of the

el ect r od2AY M RRIGHHd AW h NP BiFdmsti on data; and a substrate support
having a first, sioe-fe58LVing ScloN m_ni.xed- si | .chi t he
antenna and tﬁle el e((::tro e ‘sel cf.hlaon cq%%%ﬁﬁ%%daa ég’%g%d?g%ep%to%?(fées si de
recei vi ngi rdeted|amtante mspactihe ftiimstlagiide aviiery contacts |ying around
the full customanr}' xe%ckas_i gnal chip and connected to the outputs of the

el ectrode selection circuit respectively, the

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



6 WO 02/ 40095 PCT/ CAOCO 01374 second side having an array of adjacent
contacts aligned with and connected to the el ectrodes respectively, the
contact svomo02/4dee5 fi rst and second sides being interconnecP€dCAeEpBts i vel y
together by an interconnection circuit across the substrate support.
According to the present invention, there is also provided a body inplant
conpri sigreorgh wlds thegdacararay tray mf mdlaqens adjiraeerits e eiggreatiesi th

di ti - t] ites; .10 t X tra i
Ci 1 oui © O R TR e RS & AR TR TOh @ 1 cul ¢

coupl ed tioe fiwest ramsceeéwendCklidaist bategpriomedicds nietleaintr LTt SR} Y
from ener contained in an inplant control sjignal received by the
transcei VeI uPY ; 28 AEEESOTER CdMie R BE R t heresansde eI sitatig t and
pr ocessi ation data contained in the inplant control signal received
by the transceiver circuit; a stinmuli generator circuit connected to the
control ler ZEcardligenertat i idest ipndssriton igivpmdlion,n adoeoralanice vldp t he

operat i ta. | ect.rqde |.ection circuit connected between the
stinmuli Q%%%glra C|i %%COI cﬁ%n%epclé—’lﬁl t%oznepe Eerrode ar ray, the electrode

sel ection ci raaui ¢ldaviade sekeatyatizrionf putstiPre bH3ASBLESI Ot Of rddnes
stinmulation sigpals to selected ones of the electrodes in accordance with

the oper&ti U TtV FHRSITidre ity 3 @8 sddreSdi rcuit decodi ng t he
openation datgsh GHHnRed in the inplant control signal, a configuration
controller storing conmon and specific 30 stinulation paraneters specified
in the operatd difadecgiaed alespddt iapipl egbdreedded andealnla;of the stimul ation

bt P 00 ot DBl VARSI, SO R SLLIY
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
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 decdder 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



7 WO 02/ 40095 PCT/ CA00/ 01374 to the stinuli generator circuit in
accordance with the common and specific stinulation paraneters. According
to the pvegergoophventi on, there is also provided a body PapiCant/o1374
conprising: an electrode array having nultiple adjacent el ectrodes
directed towards respective stinulation sites; an antenna; a transceiver
circuit EBupthRl t5§imhe ianvengsatan ACi¥eubL V6l t &geardansieor wathontber cui t

coupl ed £grnd 48 LEanseelver: ohicul by 800 proviglng 1l ant power supply

fromenergy contalned 1n an I nplant cont signal received by the
transcei ver chAccarding cootrohd erprosmect ethtenthenf r atlsees vers ci £Tybt and

processing operation data contained in fhe inplant control signal received
by the t?gﬂ§£§?€e? %?ggu??? AL CHRT L JenSiator circuit connected to the

controller amfl gesetabddy =stral Rdv oMy Shanakp1kn AGEAILANCE Wi 4be
operation data; an electrode selection circuit connected between the 20

stimuli gererbefoRovrEeai reapect hee efebrubaelanraytethe el ectrode

sel ection cirgyif, hayjing selectable outputs for transmssion of the
stinmulation signals to selected ones of the electrodes in accordance with
t he operati oma datansaaidvar nohr¢witi ngowmidd coniptied dhetaveen; t he control | er

and the electro election.circuit, and controllably taking signal

measur ement s At gglé%fegEoﬁggiﬁg%fﬁ¥%ﬂ§ TR O sPLESYER  GoesPFGsetPo

NDNiltoor i tige catan@lcesivgial 6180 Pr aducigibdiasing I eaplhinsi PRles i@&l%ﬁ%i ve of
t de

the signal neasurenents; the controller having a decoder circui codi ng
the 30 HPBFafPERINatcPEGHIEhed: | a0t hEPLAPILamontawtly oliwiaghatecaived

noni toripg eREMBAY, geaelat oL Aegpdi ng di agnosis instructions contained in
the operation data and transmtting the nonitoring control signals to the

moni tori ng unit comtroller 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
operation data;

an electrode selection circuit connected between the

20 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

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 wunit in

accordance with the diagnosis instructions, and a diagnosis
8



accordance wth the diagnosis instructions, and a diagnosis 8 W) 02/40095
PCT/ CA00/ 01374 controller receiving and processing the test result signals
fromthe wan/4wpi ng unit. According to the present inventPONWCADN@ES3® is al so
provi ded a body inplant conprising: an electrode array having nultiple
adj acent el ectrodes directed towards respective neasurenent sites; an
ant enna; CAMEEARSRE| FEFeAVAEG tandupreeesvirhiethAt &t BesWC t 6i@EYsl t age

transforggghoghgiﬁ§Hi£oggH8Iggi£9 10 the transceiver circuit and providing
i npl ant power supply frontenergy contained in an inplant control signal

recei ved by Rheordamgcetverthéercpiéseatconhvehtongconnretred 19 theso
transceiyer cirouit aad .ﬁr ce sing ogerat[on data contained in the inplant
control PEPYREAFYr 8cRPUEAIBYLERE EPUREEEIVEF circuit: an el ectrode sel ection
circuit conneghedltetirbae eleedy OHEv ARG 1L 1el Grd{0ds, SeLegtiPgqygircuit
havi ng sel ectable outputs for conmunication with selected ones of the

el ect r od84T8RBCEhECYREPBCERTREREAEAr BARALL SIERE; S&RES20 a nonitoring unit

coupl ed betwegp fhe.controller and the electrode selection circuit, and

control |l ably taking signal nmeasurements at the selected ones of the

measur enent sétesansceiesponsectbt noonpDed ngo comé rehtshgaal s and produci ng

test result sigﬂg!%:inﬂ'cative of the s'%gal neasur.enents; the controller
irc

havi ng a decoGér i PCdeCodiaRs t et RO dSEE Cdit HHRESTh ERe

i nplant  east rdarsic@ialer aci AOALE Okingg ;Q:QW%@%%F%% qeapdi ng,diagnosi s
instructions contained in the operation data and transmitting the
noni t or i AGORoREEERYsicidiatngs! tHe ABNiLPOARPRG Wetthal 39iarebr daneévedth t he

diagnosigyi@ﬁgrgggﬁggéivggdcgrghﬁgposis control l er, receiving and
processing the test result signals fromthe nonitoring unit.

a controller connected to the transceiver circuit and
processing operation data contained in the implant control
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

20 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

30 accordance with the diagnosis instructions, and a diagnosis
controller receiving and processing the test result signals
from the monitoring unit.

Accoxrding to the present invention, there is also

provided a body implant comprising:
9



According to the present invention, there is also provided a body inplant
conprising: 9 WO 02/40095 PCT/ CA00/ 01374 an el ectrode array having

mul ti pl e vedpzewpt el ectrodes directed towards respecti ve BET/GUDEOI3DN Sites;
an antenna; a transceiver circuit coupled to the antenna; an AC to DC
voltage transformation circuit coupled to the transceiver circuit and
provi di ng inpaanﬁh@mhmOdﬂuﬁﬁgﬁyfh@ﬁiegemyﬁbimﬂﬁﬂaﬂﬂhdenmnelﬁptandesontrm

si gnal regeLy 9¥WEQ§ %% ggkygr EeUn L gncgn%roller connected to the

transcei Ver CIFCUI roceSS|ng oper T8’ contained in the
i npl ant eanth@knnai;gnal received by the transceiver circuit; a stinuli
generator circuit connected to the controller and generatlng stinul ation

signals in acBoFdaREeew eh FhECUbberatPoRddapathananaprefect rode sel ection

circuit connegheddbetyeen tha tad n%']:énQ?:BﬁE@EiQH ¢l ewltt abd,p Neq ekgct r ode
array, the electrode selection circuit having sel ectable outputs grouped

i nto chathel scfarsaqiwresni ssronibf amide pBrowiding oampilgnsl soewer seuppiled ones

of the e r e, t.he operation_data; the el ectrode
sel ect | ok?glhlr %Sleetsrq (?C? qlaencfo%we%gh lé—’lrrll%el Ont%oejrm?%(?%?JexéleC& P& t
connectedytﬁhandranebahwag céwetigh;arrangenents in accordance with site and

polarity control si l's, the SMAtCh arrangenents being supjected to the

stinul ation sPgrffT %nﬁ%’&?‘éﬁt?%sﬁé’cﬁ%l §r13615€ﬁéveéut‘bkﬁ%u3a%sr3@ﬁled to

t he P@an@%bce%@@nt'éﬂﬁfaﬁﬁﬂ?réégé Gdrititndancl Mdichg, {951 Sachghaprel , a
si gnal generator contro | ed by a channel controller assisted by a tiner

connect edigpaa regesverd BY éhﬁcﬁr?nﬁééewewnglgpumﬂbat|on control signals,
the S'gnglsﬁ%ﬂﬁ%qﬂé%né¥§¥gglQgrégftsgo e%%e IQHglscént§gf9égag%

generating stimulation signals in accordance with the
operation data; and
an electrode selection circuit connected between the
stimuli generation circuit and the electroae 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
20 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
30 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



with the stimulation control signals, the register circuit and the channel
controller producing the site and polarity 10 WO 02/40095 PCT/ CAOCO' 01374
control aW@nzkw93s n accordance with the stinulation controPCT/SAgri@N33¢ and
the controller having a decoder circuit decoding the operation data

contained in t | ant control signal co uration controller
storing SPPHEP tﬁéggﬁjﬁanﬁTeF§co§éégFFléﬁﬂﬁh FH liadi Fat O ERAL a
stinmul at sogngpseagy controller transmtting the stimulation control

signal s to the stinmuli generator circuit in accordance with the
stinul ation pﬁﬁ%nﬁp@ﬁ§01 TAcBerénag & odeRedpresehitcuh ediciconinghetlei s

also  Proxifedian At | chatavhehon syshemion sl milaliog avaual o oortex

of a blind person, rrsin Ing an e trdde? array
havi ng nuhfi@mEaaﬂpacemwnﬁﬁnnmﬂﬂeSSa@pimgabbaumymwwmniheparamatergortex
of the blind a mcro-stinulator ans nounted on a back side

of the eFB?:‘ergﬂ% arlpay ¢ oPPeLBFERRI VAN 1geteT afi i HFHAR T oRCORRIRI s on

the el ectragdesi1or oduGEmauirasRhenes @rithe MisHal c6RELEX T8RRIt LRY an
artificial |na%e in response to airwave-received inplant 20 control

signal s; tBAd &RiERiér ndenanatamcl eyt tan Lragecsensencadaptieth t otheake a

real scegglhgygglogn?éggﬂgtgggcessor and command generator means connected
to the i nage sensor processing image data signals produced by the

i maged sensor Accacdongante twhéh preseter nimeenpfoscessthgroepet ati gnsoand
generating igglant cogggtiblg stipulation co nds, causi ng t he body

i mpl ant POCBFOutca  t RECAFEFFRLI B ST RBgRY DhePhEChi SEARUEBFERR acBF?%@bondlng
to the realtegese 4nMBYendapdraoh| absHEEVEIngeircuit connected to the image
processor and conmand 30 generator neans, for EFOdUCIng ai rwave-transmtted

i npl ant  cont# olPeiYynalEp Rt viimgludd net | ml acilesteemrandsrayhehaving
multiple adjacent electrodes applicable against the wvisual

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

20 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
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



processing operations including a digitalization of the inmage data signals
to forma digital inmage, an inage reduction of the digital inmage into a
scal ed dovmor/smge having a same 11 WO 02/ 40095 PCT/ CACO BABTA00/018%0] ut i on
as the electrode array, and an i mage enhancenent of the scal ed down inmage
to forman enhanced image corresponding to the artificial imge produced
by the inffsmtutigs t2aanBher 6hedhireRet e i mand | h éovvendNaTcapandr at ed.

BRI EF DESCRI T, N etaile cripti refer
enbodi ne%tq; \?\?—t}?\lb%galg%_!\%eﬁgﬁﬁ%ei nme%lg%w \?\‘/jiét hdigéej‘ﬁgr e‘l?llge %(E}h%lecgfdgl Ieié\{v?il1 g
dr awi ngs,conrespuincting ke ridreberrst irfEifadiralt dragee pelosiversds b yFitguy eisndlark and 3

are, respectively,.schematic views .of Q front and rear sides of a
subst r at €* ﬁdﬁ/ f&fgnh“g@tﬁ)" it;/ﬁﬁ Yﬁﬁhlm‘&é&?& VOIRRISP &G FRRESATRR 1 her eof

with an el ectrode array according to an enbodi nent of the present
invention; Figures 4, 5 and 6 are, respectively, schematic views of front
and rear BRI INSCGRIAIISNN dfe THP@MRAWINGSA body inplant assenbly and an
expl oded vi ew _t her eof .tc?? an electrode array according to another

t

enbodi ment of it HEYY et TR ©F ghFef9rredacubperient sdivddlahof a

body i npl gnfersYist £81 n9ELo digagnt o erRediyent  of fbﬁ@.oWi?@erHrai!ﬂ] jon;
Figures 8 9, 10 and 11 are schematic diagrams of the 20 iInterna
control | e WHehtliilg nwdrsratieferitediike tHemerdrsitoring circuit and the

el ectrode sel ect ] cisrcuy t_.o ody_inpl.ant_accordi.ng t.o the present
i nvention; Fi SESLr éﬁ%f i< ? $¢ Jerr:’gta}%’diraegs frﬁa%vlealgt’r astclkheg“aatlpcosvsji%se Oj’Por mat
of alomimvrcatdarah yeeot coaled orf aa badys i mgeaniuppreeordl ng oy hendrasent
invention; Figure 13 is a sche ic diagramillustrating possible

definiti ghe® ArAtb e 5519 rvég%%tfg?%re&f 3 Ghheaay r%gllecfcmﬁ% AIRY of a

body i npladtoatielf HNGd @i ases dHY ¢MdUht IQJF QW14 is a
schematic dlar_amlllustratlndga ' . '
igures 4, 5 and 6 are, respectively, schematic views of
front and rear sides of a substrate support of a body implant
assembly and an exploded view thereof with an electrode array
according to another embodiment of the present invention;

Figure 7 1s a schematic diagram of a body implant system
according to an embodiment of the present invention;

Figures 8, 9, 10 and 11 are schematic diagrams of the

20 internal controller, the stimuli genefation circuit, the
monitoring circuit and the electrode selection circuit of a
body implant according to the present invention;

Figure 12 is a schematic diagram illustrating a possible
format of a communication protocol for a body implant
aécording to the present invention;

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



stimul ati on node command format for a body inplant according to the
present invention; 12 WO 02/40095 PCT/ CA00/ 01374 Figure 15 is a schematic
di agram iwoOoz#0083 i ng a di agnosi s node command format for BCDHEAY/O1IIp ant
according to the present invention; Figure 16 is a schematic di agram
illustrating a, power _nmanagenent node conmand, format for. a body,inpl ant
accor di ng toF%EBrﬁreééntJﬁhvéﬁtiﬁﬁ,eﬁﬁ tfe f?%%¥%?sch%%%f?£a%?%%raﬁ

i1l ust raHEBgnégiis”ﬁgﬁe BbRARBASI @g;ﬁaﬁuga@eapseagrmﬁglgﬁpaacbas&@@n@r @gessor
for command word generation for inplant control according to the 10
present itheerte6RNTFiguUrBE1PBA-B and 19A-B are schematic di agrams
illustrating - . an qnhﬁgg . ] ner : I

processor and%gﬁgggoﬁgggh%nging |§3gﬁ%gﬁggaFggpgé?%%gF§¥l§@%o%d'%%eﬁb t he
present mavekkient Fogle ec@findrsd afsehetatfoe di agydym 1hpLsht akicagraliser een
capture %f gﬁ external unit user interface according to the present

i nventi off® 4§ PrGEFEt23"VE 5 SPhematic diagramillustrating a body

inplant artifipgyakeVilg Ofs SYStEAEMRERCDYid Se Aco g 4P R0 4 ge
present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT

Ref er ri n§re6erisgige 8¢dUeheee PSrEpBIARda Rindyan npimate Syocanswsr n oy a
user 2 acQndinal Jokd MR ARRANN IEMENL DMt | Dok 0%, EORLEXEAVRE! @l NG diser 2
is a blind person and e systemis use 1o provide artrtfrcial vision to
t he LBer pZeskint dhoehdilba;understood that this context exenplifies atypical
use of the inplant syst cordi pg the present invention, . and should
not be takenngﬁggrﬁﬁnit§€%€% o stﬁgéf%ve Ehse, SCRENAHE | MRSt em
may be used uisk rFRAYOReN ekt nd Wnidh &RMhEyd O gERBLLBERNG P WPOSES,

and especially for nmeasuring paraneters around an el ectrode-neuronal
ti ssues i-HEEEF aceProcessor and the corresponding histograms

respectively, according to the present invention;

Figure 20 is a schematic diagram illustrating a screen
capture of an external unit user interface according to the
present invention; and

Figure 21 1s a schematic diagram illustrating a body
implant artificial vision system worn by ayuser according to

20 the present invention.

DETAILED DESCRIPTION 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



13 WD 02/ 40095 PCT/ CACQ 01374 The body inplant systemincludes two nmain
parts: an inplant 4 positioned on the visual cortex of the user 2, and an
ext er nal we02/4®9% hat can be inserted in a pocket and whi chACT/€@aguit3es real
|ife scenes, processes the image information and conmunicates with the
inplant 4 to provide energy for powering the inmplant 4 and to control it
in order to T&k nubdye ielanisualystent eknofutdbe user Ratibhr opghtan an

el ectrode array used to, generate phosphenes in_the visual fiel

cor r espdiRAG Y & aP??Ja%%b%(gt?rbnﬂg? Yﬁfﬁu?gaFoFF% f% i:g‘ nélss.erﬂ‘?g B life
scenes Gan @ AGGU nad 4 hy QUght 26 andiad il LYR IR SensDE)
mount ed on an earpiece of an eyeglass, while the inplant energy and
control sigmales cafabe litfeanseeieed PHPEEGESEN thrIuétpge |Fmic 3 WePan
antenna _10 L] ehj.ng t h th er erri. t o- FlL. gures
1-6, thearned a‘?(g&gﬁ%\?\n%g \?\g me%%odﬁrr%ntgggc%%ktthegbggy If%r%‘fggt Séseg%gl yfgf
accor di ngpuarite fireesemtpliamtentdi oandThese eohbdohents faat usedent egoati on
of nost of the electronic conmponents of the inplant in a,, single ful

cust om rﬁgc‘é‘al-lﬁtﬁ]aléﬁi p’ 43k e % edirci ﬁﬁ’epovbbsrelﬁonzco Urptyion #hd si ze
of the cdydditoqdUbtRayNMiLead atspafddratdt ﬁh@@ﬁﬁ@ﬁ%'soriﬂ:' kedl tvisupiovi ded
for interconnection of the chip 12 with a high resolution el ectrode array
14 havi rgle kil Cogine safnedét EPect r oSS iPn a of5 khes appray E16850

el egtyr o nmde j ' i.al ' e ' of
app?ltc())x. d%é mm sp%?e%%;? Pfa%%%xﬂ%g%drgrﬁ? ro %{r}geégr\%{cﬁ%%gaandgﬁgg%di ng
over a Véeryesgul la aCiéds emggel semBorfhenocursedit ong dampeéanpiasserdd yans t hus
highly mniaturized , conpared to prior art inplants, and the

| nt er ConRERTIaT  CTHELT t ChT GVTRIEETY RS A L GHEct T bric 477 B 673 ePBct r ode
30 16. Theaedrectt&dle tarbayhldacannbachagde ofisevesahgsnm | ahteahect 10de
arrays assenbl ed together (not shown), instead of a larger single array if

desi r ed. PREFEreReg L Frguble hearl ehethhipsaR 9s enbedded on a

Referring to Figures 1-6, there are shown  two

embodiments of the body implant assembly according to the
present invention. These embodiments feature integration of
most of the electronic components of the implant in a. single
full custom mixed-signal chip 12, thereby reducing power
20 consumption and size of the circuit. Furthermore, a special
interconnection circuit 1is provided for interconnection of
the chip 12 with a high resolution electrode array 14 having
multiple adjacent electrodes 16, e.g. a 25 x 26 array = 650
electrodes made of biocompatible materials, having an average
height of approx. 1,5 mm, spaced by approx. 400 pm from one
another and extending over a very small area, e.g. 1 cm?. The
resulting implant assembly is thus highly miniaturized
compared to prior art implants, and the interconnection
circuit provides individual 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



side of a very thin substrate support 14 having contacts 17 14 WD 02/ 40095
PCT/ CA00/ 01374 lying around the chip 12, at a given distance therefrom
These com@o2/#009¥ are respectively connected to the pads REr/Cabo/eilses chip 12
for exanple by a wire bond 24. The other side of the substrate support 14
is provided with an array of adjacent contacts 20 aligned wth and

connect edyingt herowidcthedesh s Aéspext i vel §ivahe d@twees okhefefrem-

t act i l.ect i b i
ther T EaBr ecPAsRA ud | T conroet S 0T and a8 tenhots Sty "the
substrat efsthpochibd 1@r €armteeraapire tivech 10l respecd | ¥£| yTheogether bydan

i nterconnection ciycuit 22 across he ,substr at uppar.t. Dependi ng qQn the
number ofEl ithés FBgSEEﬁF@veS,uR%ti n{l%rdt?‘nn&‘ff’?’bﬁegir it 9% FFPe Pormed

of |ayepg pBegti Ncbh€agHhStI@L & Bi U W4 ranGRf ackpdcbetweero t Bgesi des
thereof. TO reduce the space taken by the contacts 17, they nmay be

di stri bueédctnodasalternapecshveled paet epnnesvépnt @6 bhenopatadfacéft sets
of TOWS SULOURMIDI.LOE GALP: 120 THE DORY LRI BO! BS5CDL Y LesultLng from

t hi s enbodinen us-very Or a reasonabl € Cross secti on.
ant enna oB8#Acextandsaore t hechubgtieat erlsdippomnt: ab4 sar bundiriche2chign 18otar 20

conmuni cation wt ti-gge ext eénal unit 6. The antenna 34 is connected to
i p

pads 18 &f9ERe asSPREERESr SHPEOLHur pidse. 28€ capRERPEGPREECEEY

coupl@d taspheraptenpnacgdther bgr gRelneperahheBtiGhhes rsyi tabbesantgana
configurations may be used. Refterri ng.to Figures 4-6, the substrate
2]

support hemspbsieatey nedepPr - f POREDAEREL iarel Yhe | atmpert icdh Dénkavieg
however 2ch; LLer of0ss 386t tan hsigaaﬂrg&f TUBPOLL I dy the

former e rmeht, "and "a smaller réar portion 2 projecti ng behind the
front podtiyemsamédeeciei vihg thbsB80atéestupode tarrlayardd. sfsckadt betiveemer

case, th h((’:Bont Cts'% onfthfe f orenost,_face of the front portion 26 are
connect ed”®r 8SHESt IVEY Yo tite rﬁiﬁtceléﬂiﬁ TRECThFpke2. P¥heNRoRPRERSTE7
17, they may be distributed in an alternate shifted pattern
over two or more adjacent sets of rows surrounding the chip
12. The body implant assembly resulting from this embodiment
is thus very thin for a reasonable cross section. An antenna
34 extends on the substrate support 14 around the chip 12 for
20 communication with the external unit 6. The antenna 34 is
connected to pads 18 of the chip 12 assigned for this
purpose. A capacitor 36 is coupled to the antenna 34 for
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 f£flat portion 26 having
however a smaller cross section than the substrate support 14
in the former embodiment, and a smalier 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



however al so project through and appear behind the front portion 26. The
interconnection circuit in this case has a 15 WO 02/40095 PCT/ CA0O0/ 01374
series ofw@eripheral contacts 30 surrounding the array of PCHEAO@ENIT4
contacts 20 on the rearnost face of the rear portion 28. The peripheral
contacts 30 and the contacts 17 appearing behind the front portion 26 are
respect i et e £ onifie ghexhi ph el hebnbycasV\,iZi’CE bomdoaﬁdlﬁ]‘grcmiet hayeys co)f

sui tabl e _designs de in ere portion 28 and ked betmee
r ear most3GHREFET €7YS a‘?%%ei‘?h%“re ¢ (TR GHne@ a%ber ig5teer &° rC ?Iécts 30

with the@r reye obeathpeenl eeAtacts 20 ahaspaet 'c‘b@l't)éct-EhQ7b%bém t
assenbly resulting fromthis 10 enbodi ment is thus thicker than in t

former dpglodidrenthe bufrOIa*é dehalder 49 oFEsecigechiveadat h C‘cﬁnfﬁfét%{#)ove
embodi ment 5, 4 gl gat Qﬁée Y a8 ymadg El?:gm(?fs'édlc@afbfiée
g aﬁ he {5

containin electronlc Circuli'try necessary recelrve conma
wor ds, dbﬂfgmsamddeoﬂnemmdnﬁﬁuﬂnphmtman2@randdemadkeﬁh®enwuﬁﬂuthmnrds

and control the stinu)ation process_accordingly. Referring to Figure 7, the
full custTEPTXed- §%hal TORRECSE2 %ﬁ%raﬁ%f%eﬁﬁegréFEgr%gﬁﬂ?EF di &t i ona

data tr aﬁéyfﬁéhe@taﬁ”@éﬂﬁ’aé@:@%@’%l@g tife %J%'é@raﬁﬁcé}utﬁdd’ﬂﬁdc%% at or
unit 20 44, an optional but generally desirable nonitoring unit 46 and

dependi nge%pnecthie\f%hbseﬁhéeéaog#y mple-?lré'ct@@%l@nlgweé?rséhtlagrémom 4hies not
{0 1
copi ) ec BEoFnOEs P SRR 00 PR O RS O B A {8

deplcted ornln ano custon1ch|p
The receavesx §Balb@nverss9+g@cti@muency AC S|gnal fron1 the i nplant control

signal emtted b e terpal ynit 6, _and transfor 0 a vol t age.
Thio™ 00 vol 10 B s EY ¢ BEepH aip RS SmpE ARt a6 [ GEGVer 39

recover Saéléélﬁbly" eck W faka Erem bhesisamd n@lantoaent hohgsizgnal riggi tted
30 by the external unit 6, and transmts it to the internal ™ controller 40.

The rece?%%@tggng%tsc¥%%@b§€k dficeSf5edy t @ receive command words,
detect and correct transmission errors, decode the command

words and control the stimulation process accordingly.
Referring to Figure 7, the full custom mixed-signal chip
12 preferably integrates a FM bi-directional data transfer &
energy receiver 38, a controller 40, a stimuli generator unit
20 44, an optional but generally desirable monitoring unit 46,
and depending on the chosen design, an electrode selection
circuit 48 or not as it can also be provided as a separate
circuit from the chip 12 as depicted by the dotted lines 202,
then forming another 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 1link depicted by arrows 42. The receiver 38

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



internal controller 40 and transmts it to the user through the inductive
| ink depicted by arrows 42. The receiver 38 thus acts as a transceiver.

Al t hough wae2/4mesiback function is 16 WO 02/40095 PCT/ CAORCOTCATe013V4 kel y to
be indi spensable in nost applications, it can nevertheless be omtted if
it is really useless for a specific application. The controller 40 decodes
t he connmmdelgemaba&&d hmdum@enembéenainLHMGSﬁSiappﬂﬂhmtﬂumsprodUCecaml

cont rol gnaLg i he stlnull % :%at ynit 44 gnd t he _nonit rlng uni t
26, Rof ePFPRGEEE PPgur Bo8, OThEeBntriol iy 46 s BeTenbageas byok
C|rCU|trgpgath& gpﬁg@batmgnlz units, which are grouped into 3 nmain
sections: a main controller nodul e 50 a 10 stinulation controller nodul e
52, and a di agRBsFeNESARLAEKI 40 desedes She TIRMmANIds caRnels st MEdUm@ 50

det ect s dat a re '99%'0 rrar i.f fresen
order to bgfﬁé ngggﬁagg §§ 2 3@% y t % % © n% Sﬁe§&q$%1? eo
controllehe46t1mhi$ ganebetachiueveds 4 handgbha meniﬁbtpﬁgammﬁt 4epnverter &

frame detecto 6_and ap ror rection word decoder 58. A
power nanagen%ﬁ?eﬁﬁﬁﬂge %%5ﬁﬁ? an“be 5?§§F8ggnao4otﬂ?ﬁ B heroadtefes,
units, ObySki @ulr@ulmycmﬁﬁ_lys h Qi raffy ﬂmdjﬂiwalwmé@ KELD POVRE 4
consunption to_a mninumat any 20 given tine. Only the PNNI60 |tself and
the two pPEQi ods MAdAUl 6§CEEONEG, ﬁec@@é@rycﬂbtr@éhﬁandm©é@b@t|bﬁG are not

suscepti bkeq ke, bel, gcto&&rt%qlgfrf utﬂago%@ aat@adtﬂ ?fégnggfns g%g% ng its

power consunption down to zero, es 'no rea wh~ of the
unit, keapdngepﬁégraﬁmedwupananﬁnﬁﬂiemmmdmuMuﬁﬁn\@%Eﬁ¢ﬁ£ dEDr Framesised.
ew of the nan lines to the

For sake of, clarit on| ntrol
cont rol | 8P qQﬁﬁﬁqﬁg ﬁ%?%%c ?Embr8§€ﬂf HfF?ﬁ%?%nE' Abc sifdsgur 8®i on
control | Bni®ad pief eb@ﬁhﬁnlﬂeeﬁﬁrc%veﬁyedcwm‘ahéatd&{ér shosuiasiqn, and
di agnosi s paraneter 30 ﬁrogranned by the user by neans of registers
CRO- CRB, cgrfroller 40. is can be achieved through a serial/parallel
converter & frame detector 56 and an error correction &
command word decoder 58, |
A power management module 60 (PMM) can be provided to
turn other modules, units, or stimulation channels on or off
individually to keep power consumption to a minimum at any
20 given time. Only the PMM 60 itself and the two previous
modules 56, 58, necessary for command reception, are not
susceptible to being turned off. Turning a module off means
lowering its power consumption down to =zero, but does not
imply a real shut down of the unit, keeping 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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makes them avail able for other nodules or units. A Power-On- Reset function
controlled by the main controller 50 can be inplenented.. 17 WO 02/ 40095
PCT/ CAOOVOQ 87400#5 pr oper know edge of the communi cation prBE€DEAD/OIGT4 t he
inplant as set forth hereinafter mght be inportant for wunderstanding the
following part. The stinulation controller nodule 52 has a Random Access

Mermory 64 (RAYW prdendachdvl dRRP oF ShieMdoaininen cehamiebritbeo1addressie
sequence praogranmed by the external unit 6 duryg% the configuration
process. ARG &5 oRSEonhRfHy ferelapditegs psehf deeodewatientst ey ati on

i nstruct i gng and Rends e féyygdy%%rg rol 10 signals to the stimili

generator unit 44 (as shown in Fig according to programmed shared
stinmul ati on pdtenrsttens)latfiorappintcailler Aocdhudek 520 gral 26Rankiose rAlcreqgsency

depends a spegcjfi rogr.a araneter SCIB stored in_ the register CR3
i s used %ﬂprtii%lé ﬁ%ﬁ B%tfﬁg%gt&ﬁhle“ﬁ%n%rﬁFbpugﬁF%°E4C&ﬁﬁnﬁé/sdéﬁérated
by a stimdatdsan sdqakndodderidnethedicdgnesits reent kelkers miukg S4has a
nonitoring commands generator 72 (MCG which decodes the diagnhosis

i nst ruct i ORE YW= EPR PRI SHral og nonitoring of the 20 stimul ation system

and el ectrode f t46oe10N0ht LOAnaARd SRAod e pROLCR] cantigl Signals to

the nmonitoring unit 46 (as shown in acco rammed
opt i ons/ pariawetadripn A igldoiudiigmel  2bhdwhesadsr edqhency edeperds enarepeci fic

programed r er, MCTB stored in the register CR5 is used,6 for
nnni%gring %g%ggéé B g%ﬁm%% i PTG Ui P06 4hd (PS SHRHBr APedimyrs
moni t or i MY ,cleadontidy e o Gr Ay Hird@E0$hs reen shakdugh tA%n( Bk ahkears t ﬁfg gst

vectors sent, by the external unit 6 upon request to any nodul e and
units, af® test results thereof, both fromdigital

A clock signal 68 whose frequency depends on a specific
programmed parameter SCTB stored in the register CR3 is used
for stimulation by the stimuli generator unit 44 and is
generated by a stimulation clock module 70.

The diagnosis controller module 54 has a monitoring
commands generator 72 (MCG) which decodes the diagnosis
instructions related to the analog = monitoring of the

20 stimulation system and electrode/tissue condition, and sends
the required control signals to the monitoring unit 46 (as
shown in Figure 7), according to the programmed
options/parameters.

A clock signal 74 whose freguency 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 vectors
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
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tests and from anal og nonitoring perforned by the nonitoring commands
generator 72. The DC 78 al so sends the results back to the external unit
6, Vvia payovy4iopsertion & return word encoder and paral | BCT/€ADG/@U374
converter nodul es 80, 82. For 18 WD 02/40095 PCT/ CACQ 01374 sake of
clarity, only a few of the many control lines to the controller's internal

nmodul es afakeploFsylt=ad ty) tdtilsy FH ot & Hed efdhPocbRcFbouLen8s thersbi nul i
generator unit 44 may  be emhodied by a circuit réscoryposed of 25 individual
and i nd&PBN IO eChanAditedtduficdydfer ar6r Bragenesd) in Ehér Biguke 8E€SG 84
has a channel geentholler B&; , ga : . @ a rgnt digital
to anal og con\lj\erter 9 (BAC)l.%g%i\ogéettggg%trggg?gt grggegg?g&ug%o?vgt glg oad

t he next bestémipd@t¢dn par anetieraiiiitiyl ecomposedr ent dhesiradevidhed, aha

t hereby elim nating del ays .between two succgessive, stinmul ations. Not shown
p S2E & 1%]etlo/?trjtﬁrf"flirltlhegerbeo}:r‘?t G 44 s%ﬁbno@?‘ghc%t “8fl er

are the diné:igefQ05| S'si gnaal

modul e 7&sGsemt Fhgsir e harmeyl tastiaddllidy @and (tbe, peweriwmnagsaent eentrol
signals from the power rmanagenent nodul e 60. Referri ng to Figure 10, the
moni t or i RFURi CUFG SRdy HEL téﬂ’b&ﬂ’i édappgacenvetitery 9RavPA§) the necessary

sources and mR3SUSIENG A0 £ 4,05 PGHT OTdN I eah Ll ME, CORLINUGUS oy
stinmul ation supervision and detailed vol t age/ current/ conpl éx ~'I npedance
measur engitinude tdenai bedaticsgrnesi shi2@ Dure ngcuroreral Striemul atdeonpsed,

cont k QUO itoripg can be perfornmed by.constantly conparing the peak
vol tgge %pkel}la%?:) 0SS églnrﬁl&rraotgll?%r eddgg??ﬁl at ibS%wfietne Prio¥s pr BPCEg'Ssﬁleﬁxi nmm

r ef er encetiahutlage oviBef Ndthrstugih eerpanat 8ia8foshk Ehgnamenikbokedyvehtage
exceeds the ref eirer)ce, t he channel over- flow signal ChanOF is activated

and the CIPNRFELLER " ®hi SHRIHRS1Hr 6BRERPALBEe TosiUdior &8 (9S8 rigater 898
DEfChan-fE&ete%QE%EQEQ%'%E@n%%eVB%§eESm§ﬁEgQMeBHecggf%gﬂnhﬁgkgﬁﬁgfggﬂJent
ed by the

and i npedance between any stinulation site nonitor and in
accor dand@ewiPel erh Bapagsmendr mosluRes 68t ored i n

Referring to Figure 10, the monitoring unit 46 may be
embodied by a circuitry having the necessary sources and
measurement modules to perform real/time continuous
stimulation supervision and detailed voltage/current/complex
impedance measurement for detailed diagnosis.

20 During normal stimulation, continuous monitoring can be
performed by constantly comparing the peak voltage Vpk across
any monitored stimulation site Prb0, Prbl to a maximum
reference voltage VRef, through comparator 96. If the
monitored voltage exceeds the reference, the channel over-
flow signal ChanOF is activated and the channel on which the
problem arose is stored in a register 98 DefChan. The
reference signal VRef is set by the maximum allowed current
and impedance between 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
19



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. Mny
options aveoz¥wp3 abl e for detail ed diagnosis. The sourcePGBEAEIIBIL her

internal, then using the DAC 100 for 19 WD 02/40095 PCT/ CA00/ 01374 this
pur pose, or external and then using any of the channel's DAC 90 shown in
Fi gure 9thas sekpoted by theebha®randi gnah upingused by the desnhtiplexer

104 and BRgr?' ng the .transistor arrangements 106 shown in Figure 11. A
wavef or m”sh pder UE mby BEIULED 2r 0 3F RRRELRE LRI thredanfing eShavelor a

sine shapedawe¥a fayy t eshé Ng RURAGIGI cxAR OUfRUL Shage rQvides the
el ectrode array 14 wth a stinulati gneé{urrent MonSt i mogggegfr?stﬁi %[ edgﬁ% t he
transi st 6F2BFEERGENMEFESNEGECatd 1POvEHernt He nbiduoe i hy.cCiX cuhted6rmi th an

accurate g 0] d copy.of the stimulation current, which my be
measur edsglgggg gaérggfp]%%ng%?l g§ BERVTat oy ‘irﬁft%%%esg‘éﬁﬁ% WR%R BE
modi f i edaas¢ordishgped whesi fout teisgrialy lpemelosesGRag dardweds{1om 1 he

paraneterrongstor?%i tq:e register CR7 of the configuration controller
62 shown™fRVEFGEr &78. ezlrﬁf Ll 84TYI ddgeHet 08 s StH&UABTI i edusiert can be

nmeasur edMonsthmt he- 9@ tesel | &t ehell2-4UW:ugh aaifé‘r@?&?@ﬁ%fgt qiyee and ot

anplifier 114 with variable gain for various input voftage "ranges

by the sPERRLIERREGS Teaifesk ngagritade 046 t néthveht ageacrtassvd heage
monitor edesbhge£aN r by ns_of 20 a peak detector 116. The
phase bet \?v%en the sgf)c?p I%ﬁjoﬁqecu?ggﬁt‘f%%ho? hé:‘ﬁgrrﬁ”t ar eﬁ?’\}&l%t afj8Ycahe be
measur edneaseogh wia phaser detectontAdBleddbscireguency and,phase, £sid mat or

120 forcgg Ieexmicﬂﬂeda ce neaspyrenments. A ponitoring unit controlTer 166
control s fost of "the ‘CohpdReht S ¥ £Re FheontRRIt nglanrt 46ved Redhumance

wi th thedeatiedsreont thé psirghaksrppeduced Y the prni y cqippnd
gener at 0{] 72 (see., Figure 8). A sanple andrholé Ci rcuilie%rllS i's prov? ed for
the trahBtontoRtt@ees MR uredmttoller 62 shown in Figure 8. Any

sampled voltage across the monitored site can be measured

with the same oscillator 112 through a transconductance

amplifier 114 with variable gain for various input voltage

ranges as set by the signal GmRng. The peak magnitude of the

voltage across the monitored site can be measured by means of

20 a peak detector 116. The phase between the stimulation

current and the monitored voltage can be measured through a

phase detector 118 and a frequency and phase estimator 120

for complex impedance measurements. A monitoring unit

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
20



Not shown are the diagnosis signals to/fromthe 30 controller's diagnosis
controller 78 (see Figure 8) for testability and the power managenent
control W@onzk®w9sromthe power nmanagenent nodul e 60. |t Bé&DUAd/S7Hot ed
that in the case where the inplant 4 is intended to be used solely for
nmoni toring purposes, then 20 WO 02/40095 PCT/ CAOCQ' 01374 all the circuits
of the iaplahhedchicthitancti bhe tmpyanel 4t edtht Hundrel gemesaly onebited

sti mul at;: ntgiesgnal s,,can be rUirgr%v.ed fraom_ the ir]gsl ant i nasmuch_as no

sti mul at F8n *8Fg ISP TaME O Sduitted Ut SHIE L ss EHCTHPI BRE™MS i s

used forthexaimppgah® mMani tigaseRichai Ashody Orgams: IQAUCT NG JrRasyr able
electric signals to be npnitored. For exanple, the DACs 90 ~and 100 (see
Fi gure 18%304REAt heuah s athen cesmmarian gbRedardents { sée Mspe ef8F can

be om ttegd.j.Bisuch a}n&% j ng Fi 11, the .el ect rode sel ection

circuit 10 48 can be € ordiRg%P%%/irg ]?r%?%’i ﬁlgé%glrs/ errcrjucf| %lgﬁgex%era%]ilF%]ali?ry

conpri si age26rsel edidne schamneé smb22 tpredi.dekbmi ¢ hambbanek hedazader s0126

for activati ngo§p to 25 sites sinyltaneously. Each site can be activated
[

in both d'fectSns BFenednd™r T&irt cHREt r dritfemeht SoUAE 1 QR peReRZNER t he

sign bitgéakgaabr S69Nsé¥) righreVver yoshapaehni A é@sin channel decoder 128
sel ects which_channel has to be nonitored. Wen a specific channel is

noni tored, thBeL@HFEBAL EPr AOLRE dérr édworrlians rasknraglesttiinn i cipepei tit or 84
in the shpmii, geheLabof: &8i Hy44 | | ; nitoring. unit 46
t hrough the Na/bnSrc II?I%\e %LS% EXd%t ﬁglldcgt\%l?réu%}i%r{&@ﬁtrl%grﬁ%cronéﬁr l?%ﬁ{¥hat

| atter ufAPrprhedogh 25heseMpoiStém khaend32. e phanheddstiiral i cigeneeat or 84

{ranar 1 LERUESL BorPeptnal AGCE RECERANNE CRofer Gt GBI THEA BT GEt s ble
sel ect i oBachr eitte 48amapeberduionitder wht Botd @l iduatdn sharpeinLCipeuit
formed of the channel decoder
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 84
in the stimuli generator unit 44 is deviated to the
20 monitoring unit 46 through the MonSrc line 130 and the
stimulation current comes from that latter unit through the
MonStim line 132. The channel stimuli 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 wunit 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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102 and a calibration network 134 and used by the analog nonitoring unit
46. The cali bration channel decoder 102 30 selects an appropriate known
resi stivavebzmwpt value. This is also used in the conti nROUSANBON3THOr i Ng
process, generating the appropriate reference limt voltage VRef. 21 WD
02/ 40095 PCT/ CA00/ 01374 Sets of analog multiplexers 136 provide the
moni t ori ng unidtet46 ofi tanahegvobilagplaseoss 13%y padvidd ehectwodesrihkr ough

t he PrbO Pr,bl |ines , Referring to Fiqure 12, _there . is shown a
possi bl e oSﬁa#e o?igﬁcJ#%%nf%h i p98F8ggl of t l%oévfiﬁgﬁgﬁfoggéording
to  the presenth ithee®rib@n.and Pdbe 1lihest 138edigase, the command words 142

are 26 bits Ion% or .| ess and are conposed of three parts, the node '
i denti fi cati onBIPES 144 *ond LONESEr déti 6R¥8615aiBOWRe 2dRPESIR8e Rermathat

each i nstgIGt icRmmbAh BN, O Hritd cot0 f%@etﬁéhﬁglﬁgg%ﬁa@@gtsac@%?gtﬂg. ngon_the

sel ected node. A session usually starts w't guration procéss. Then
the sti mihst iwregsart odncamtsomr t Inatber dildg sttorattesl gaogy abhedcommand

configurat | ’ er 48 transmtted by th external unit 6. If a
problen1§%#§g§?§¥ﬁgﬁ%i5%%§%%%§rékﬁ9 %ﬁIgﬁﬁgaaﬁgn?FﬁrFﬂﬂp8FegoPﬁ 5h&r6g and
di gi tal qemponenitse ohiodéhe deyist €icakh Bal .t satl anytid Menst REcPOYET 146

nanagenentcfggg enables the external unit 6 to turn on or off an
conponent®? E?éHUE%dl%%MBNOE%nE%%5t$5ﬁh TheteenFigur df PoRapogensednby the
come0d il o5l S8y <20109 caldouedRndehiynBns eXer 8k 1KaklAbkp aar amet er's

related to stinulation or nonitoring. "The first five configuration
regi sters CROP csCR4-f wheallynbigurat wdithcont cohfeguset {seepEbgase .8)

egi Ster o B TR R AT R e My H Ao Sre AT AREt erdee TR | 1t Phee
bei ng dedimatregnted tdenfhghogt honi barbngtand thes kashseaeteal aly NGnko
digital diadnesis of Lhe system Fefeqring to Foure 13, the definition of
t he paraﬁﬁie P ’ gnosis mode
allows a monitoring of both analog and digital components of
the system. Finally, at any time, the power management‘mode
enables the external unit 6 to turn on or off any component
for reduced power consumption.

The configuration mode set by the command word <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 BAmplitude Flag (AF) parameter defines

whether the stimulation current amplitude is specific or

common for every site. The BAmplitude Word Length (AWL)
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in the registers CROCR8 is as follows. The Partial 30 Stinulation Wrd
Chain Length (PSWCL) paraneter defines the nunber of sequential stinulation
wor ds t havo ar/eposent without interruption. The Anplitude PFCHGA(MHB74
paranmeter defines whether the stinmulation current anplitude is specific or
common for every site. The Anplitude Wrd Length (AW) 22 WD 02/40095

PCT/ CAO0/RL37 tepariafehes dakti nesbeheofunbes ebeblityisgeehbybfgltRde
arrplitudef of . the stinulation current. The Pul se Duration Flag (PDF)
par amet e defFheS FHULRE ISR MHHIS N cOPPerRUliA sBudataPPoFlda%s $BBEIfic or

comon f of rewRikrSiderinthe Pl 88 Dialh0n QLA o 80gEh (£ )dﬁgggggher
defines the nunber of bits specifying the pulse duration of the
sti nul at it&n sPeCAdAEC. oTheommpar phasevebyr atiten FhagP(LBE) Dpanatehenoddf i nes

if the del et hases _of e stipulation,current is specific
or corm%r? cl)tlr?l é\\%?r%@')s%}?gém%ﬁggl %Ferlﬁﬁﬁs% BJPEFLE%H %rglﬁénﬁpﬁciéyﬂ“f@v\[)
par anet etheefiuies dheanioheofothbi ssimpeaiiyhnguthentdelray batwegnathe two
phases of th;sti lation_current. The Connon Amfalitude (CAI\/Pi?éparamater
defi nes W& &SN ¢ of LY he PEEPAGILEE deiddeentTi foheni debay ahetweens

comon feheevery piases The @Q@nngtfﬂﬁ§§tgyﬁakﬁfﬁle @Pﬁgqugﬁﬁﬁﬁﬁﬂ:dggines
t 17t neter

the pulse duration of the stinulation curren IS par , i ST comon
for ever ¥O8Mog. e €B@HYN shfiter PHeselDueaphane OCB): ipar dnet@r Ldafithes t he

del bet t S t stinylatio urrent if,this paraneter
i's ?cl)orrrmrs or )e%é%s%%.g%%ﬁ%?i %ﬁleatr}un}\b% o%g %“llrih? BT paFanet er
20 def i nds lalye bertegean dheoft wiochehsis el @t i €ie C4OTKu 7 SEWWBukBenFl gHRE 8.
The Stimul ation Seguenc Channej (pSSC) and the_ Stimulation Sequence Site
(SSS) parSHEPEr S {GANF] | ParR@eseitmAefings Séhgermep RANM®® ofiown in

Fi gure 8thEhethewlakPass Euktent Cuk- oht sFpgd (LEF raget ef i nes
the cut-off frequgncy of the Gnn C Iomfpgssglﬁigﬁggrkigasuﬁggmﬁgg g{fleg}jre 10

in the mBAiCor iThy [FRIMAE. Pohee MBRFESEPNY (CPBUK pafiame tRased¢ MITES pReanet er
defines pheskrequenaw0fof hehe stimulation current if this parameter

is common for every site. The Common Interphase Duration
(CID) parameter defines the delay between the two prhases 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 (LPECF) 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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monitoring clock 76 in the controller 40 (see Figure 8). The NMonitoring
DAC Anplitude (NMDACA) paraneter defines the 30 anplitude of the out put
current o¥ODH&@OPAC 90 (Figure 9) for continuous nonit ori RGT/CAb®01374
Calibration Resistor (CALRES) paraneter defines the reference equival ent
resistor in the calibration network 134 for continuous nonitoring (see

Fi gure 13ipfifbe thansgonduct anse Baageco@NR:tpacameidyl i 2% M 02/ 40095
PCT/ CA00/.Q01374 _defines the gain of the trans conductance anplifier 114
(see Fi §uPBT20}Y) ThelltRci PF &t bratak r S mRiige REOGR) 1QFRIet BRTaWetERes t he

i nput cugeentetangg of nHh c |1 ci r.1 ,gure
10) . The Uni?/NbduIe E%dgrq¥%2§ﬂﬁiLﬁ%ﬁ%gpéggngﬁérc%%?%%ﬁ% %ﬁ%éﬁﬁﬁ%ggr
nmodul e uadeiliaterf drl2 digeealFidinagnosis. THwe Boah/Bhdihhel dngidy (BELY

ar amet er i ne he nunber, of bits of .the scan,chain in the unit or
ﬁndule uégg?$§e F&éﬁég%ﬁ{g%ﬁ%ﬁ?%n{%?ogﬁl yritE (B UbEr REEE TSMchPsni zes
the stindigtiad chDeknd®i4Fi giee BranThendOn ManiddguH ngs@mckpréﬁyaﬁe{é@

paraneterﬁégnchrogizes the monitoring clock 76 (Figure 8). The RAM Reset
(RR) par SRELBFS FBSetmbse ffdrikids ot nklee sFaphehsimmilmatile Sehuence RAM

64 (Fi gupgaBlet GndekOtethe QORI igHyans MRyt ofy (%,\4? rns the
conti nuous nnﬁitgring F%ature of the %g%ﬁﬂ;ﬁ%{§k4_ %igﬁégHS%?%ﬂ%g?F.
Ref erri n§ypehFpgires14 then tdieimtliahilcaat i onlooke g6t biFidihee commanthwor d

<1, = : | nst tjon, 152 d ds__directly on the stjinulation
congg%icgg%%ﬁggg% ocgwqigi:F 9n ﬁgﬁg cgﬁfﬁﬁﬁgﬁfioﬁynéh§?9ﬁﬁ§%ctFBﬁ 152
i s sent msnatohahg oflo2® de6ceHiaumensdnherrhcPIWEL)Rofest (AR aph ORMREES,

each containing. .1 to 34 bits, depending on the conmmon paraneters. |f the
chain i s*Fofigér PEATHTE sPOLRLRE Gifvithal ShiBulasdgeantIsduanidsuRayi on

i nstruct gan W@'igﬁr@f 834 Rid's Qrd.essnd orcdihie Jasis "‘%8‘2 B%Eﬁ'i_{ﬂ ”gcgfl one

Figure 15, the diagnosis node set by the comand word > 1
det ai | edPaREMPERF oUS BRI ides continuous monitoring feature of the

controller 40 (Figure 7) on/off.

Referring to Figure 14, in the stimulation mode éet 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
. 24



of the condition of the system on both the digital and analog sides. Wen
the first bit of the diagnosis instruction word 154 is set in a |low state
156, thewobt/ewwihg data is 30 used to determ ne the inforhRel/iCANOBOUI r ed
for analog nonitoring. The instruction is then conposed of: a Monitored
Site (M5) paraneter, a Mnitored Channel (MC) paraneter, a Mnitoring
current Apglaittude (MAMA parhanet stimabathon Moriduardeng Opt i onghdtMOPThe

par aneter. .The MOPT paraneter ., 24 | 2/ 40095 PCT/ 0/01374 specifies
Bhat the SCVRPACPn TESGREET &S wiidt THfe NSATHIT G ToM Baal B APFSEDEr the

measur ed ivakue meagduedtr @dllue ik theoTRagur ednyak¥erhg Ac%aht-agevaand if
t he measured value 1is the phase between current and vol tage. Wen the

first bitSofthehehasggRessernstrgertoandoralisge.is set in a high state
128, the diaghashschanceras Lhe of ghtaki ayabeml TRsLRAKE 8.l Galaveehor.
t the vector T | f

the next bit is se to a low state and Irtself 1ol ows.
the |engtsh sétthe t esthugbtostatse| diiger than @2adidsias aefderet 1@nhby t he

SCL par aréeter i,n th% conf ionaingggrut he 23rd and next bits are sent

i t
in a subSBJudAc SYHESLY &6%3{1%%% ECGR wort e REHederEnéSdEfE in a

particul ao rdube oftdthe syuat ele bethothea i rstsand seqandsbi tyof e
diagnosis instruction word are set in a high state 162. The controller

wi |t hert®9éfd Fhe-hestetestPretpackst donmeTedbemal2 uplts 6as Rékéinkdg to
Figuig 16,y the @Qﬂp&xﬂﬁﬂﬁgﬂﬂ?g$lnpﬁ§ S&he P uré%%bfO%??QgTﬁgéd2§%dogn = 11

allows to“turn any conponent t he systemon and t WO "paraneters
suppl i ed textt hicd t20 mode aFent helpower subageuent astiobafPAYiawhibehs
defines i.f _tEﬂ%Funit/m ule has to be turned on/off, and the unit/nodule

i denti fi cation WB) "PRat defines which unit/modul e the power nmanagemnent

action has toTbe rappl itk t@ata ASnnantjaanadunereimRRoMe, ot henst isfidkatd on

bi phasic., current pulses used to generate a phosphene can be deScri bed
both the 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

300 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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by three paranmeters, which are the anplitude, the phase duration and the

i nter-phase duration of the pulses. Each one of theses paraneters, as well
as the pwaexdmeyuency, influences the phosphenes vi sual pa@ppaaraisce. |t
woul d require 30 a high data transmi ssion rate to send in real tinme all the
stinmulation paraneters as well as the addresses of the corresponding
stinul at icdh sh¢ epatrrorttle edxder halfourhting, t defiimed npbaite 4cothmownr der to

reduce this rate, the needed stinulation,dat an ansferred as
o o Heteidi®, oo Pa Pl gs BETRERSST0THTE  Tof "EnG IR HEAgRs | s,
bef or ehand.tedef hagd Has be cCOBEDN B5de&PRAIT ConbeCOMDR AT ¥R ®h i . Shar ed

by all the stinulation sites and has to be |oaded only once at the
begi nni ngloverGkeydhe t$e&hieks f PerparhaetehsvRatke the bepdptiet edtatagach

acti vati o.gldads oS Sfexanml e, tig phase al | ghataphase 4dyiationscan be
common, and the anplitude can be specrfié. i g Oone of two conmron
par anet erdirdtions aasi dre f coamoén, r eddctthen dnpltiteide amstri bei epelcdtfa chet ween

t he exterd1al unit 6 andcthe i npl ant 4. The choi ce, of which paraneters are
10 comon or %p8EFfiet agd'elr nthgaﬁﬁ%g?rﬁf Bt HecesSdpi fiGagbeci f y

each one fdudtamncam heesetradsiiWysidierife therwEORT LM ALdQR 1R +
Secondly, instead of sending the stimulation site address with each

paranmet er® &RE HAN 6impirBhr et 8) The uskeice Dpfi nghifk comfameitets omyshase
of the | A, 41t Xt gL n [ fil]s y W th the scan
sequence of each f%gerrcgﬁlln 'a?\é?ngg%&t %g’t év}\ﬁ Iﬁ‘ggo%gggf b];cl)?%gt K GEASEES (the
i npl ant 4cangbedief exe¢aemabnenidf 6iheheast ical ¢ oat paranelss siar eHehen
sent in tcherl rql%r tsgecifi %d in the nmenory 20 64. This kind of transfer of
the needéd data fares &S i npl ant 4 highly configurable, allow ng the

external unit sécohdlfyl | yneeriaol dhe séhdna@t i oRe opgtahi;9as:aRd alil@wi ng a

hi gher franme (inmage) transm ssion rate, if needed.
address with each parameter, the RAM 64 (Figure 8) is used.
During the configuration phase of the implant 4, the external
unit 6 fills the memory 64 with the scan sequence of each
frame in an image that will be used by both devices (the
implant 4 and the external wunit 6). The stimulation
parameters are then sent in the order specified in the memory

20 64.

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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Referring to Figure 8, in operation, the stinulation commands generator 66
conbi nes the common paraneter data with each specific stinulation word to
gener at e whe2/proeper stinulation control signals for the BCT/@Abd/0OGRner at or
unit 44, indicating in particular the anplitude of the biphasic 30 pul se
(StrnAnp) the phase duration of the pulse (PhaseDur), the interphase
duration of tRefggrsag(| ioer Bigpret he. sﬂﬂ#ﬂlat@onpértecaﬂéresghésme&8|te)
the stimilati. a I (-t 00,01374
Referrrgg ?% g?éggqu? mﬁgggpg%aF§%: ar c %ﬁ%%¥[%%ﬁtggﬁ1erfgﬁggﬁ%erges t he
stinul at loadsortlreoldasignahse the beadeft heerdadmardNtoedhersed ob .t enperary
registers, 92. Once, the previous, stinylation is conpleted the data are
transfer FB& i M TH $mi ACiBYiatLrr 94‘%5 OrRseFedof &b %xnﬁ#%ﬁ péﬁ?orned
by the chaanelecalrolhes (tlhténpmgm s@wabﬁ) asTtae g

responsive to the channel controll 6 (Stimsignal) generates “a
strnulatp@ﬁtégﬂrQMIﬁﬁﬂMQQ)bﬁntaﬁmqhanﬁehependrqglen tmddﬂrammpldapue

The sti 10 er, egi n | the site address bus

sel ect t egkéggﬁerTg%téﬁ§%QR%§j%h§%Hy ggr ¢ the t%?n1gﬁﬁﬂ§? F8H§F8ﬁ9e§nd
stop sti @@l afStdm Fhenshanash geﬁbtakberaB&ﬂﬁﬁﬂﬂéﬁEbﬁl@Efr&Bt base@qon the
stimulation claock 70 (Figure 8) to set the phase _and interphase durations
of the pff* s@glaﬁgﬁgﬁ'4%qu9Hﬂ We € f“at%El%ﬁﬁ%rﬁ%lu%niThe Radmaa aitiwge

pr ocessObpaid teeMTRRg 1 genakahgr tﬁedgh@elzédggeeeshedﬂs@ tc €scanerang for
processing i mage data signal s corresponding to a real e scene captured
by the c®FeP&r8,siite adtotlanekanneh apdedtélﬁersmlmecblp;'rcdess@ ngteper anidons,

and for geney atling:20.0pl aAL £RORALIDLE SLLFYLAt on eommapds causing the

i nplant 4 to produce the artr Icra |nage on

correspobdiseg ba the ﬁeaMuﬁaemenraﬁgek ACt rf@ngoekeven medekee thébpprgkerably
in the for of .a F ire tronal dgh transfer and energy transmtter is
Connectea 1pﬁ§rp ura ions of e pulses.

Referrlng to Figure 7, the external 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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processor and conmand generator nodul e, for producing airwave-transmtted
i nplant control signals carrying the stinulation conmands, as depicted by
t he arrows042400%e external unit 6 is preferably poweredr@ycCaobamstery 204.
Referring to Figures 7 and 17, the processing operations 30 perfornmed by

t he i mage processor and commands generator 174 on the real life scene 170
subj ect edsame acqebsution 178 hje tbkecaneda &roaly ba4a dagit ar zakage of

the i mage data nals to forma_ digital inage 180, an image reduction of
t he digi t%& al“ﬁ&ﬁ‘@n% %Snt[kbe s%@?%ddg?ﬂﬂnlf“ﬁﬁﬁe 8 hat o Ry at £nhapcess 40095

PCT/ CACOi@k:3 ¢4 1%%@@%@:&&% agot h@cel8alirads Ar r fyadé. papduaBld %gge
enhancenent of the scal down 1mage 14 to forman enhanced 1 nmage

corr esporfdienginl atte @Ritfidciand i hage phégbcddiepystimelappbanicommandd and
from whi | atign commands 186 are generated. The external unit 6
may be p?lgzvélt %2:3 \tﬁjg%r%ttp%ttern generation interface (not shown) where the
command wor ds Taee ei&’oemailfrmmw nermay [palt prosidest eadtf 4 heaitrege
sensor 8. Such.,a feature woul d al | qw to gui ckly test recogni zabl e 10

pat t er ns 9525 188udE ST A6 P orS P EHosH 4767 ~ B uSPRBAR IO HRe ditigpl ant
4 to the fsRled? fr@ﬂpﬁﬁﬁ@rddﬁﬁ%tlt&zrrfbaslﬁghee&{ O&Ertﬁss%ggboe Q@%i . | mage

enhancenent techni ques are preferably applied. The purpoSe
enhancemswch sat of ¢ ere o wheld magé oworeo bl lagicied (tcﬂﬁtr as@sogmdzable

lun‘PQS'%%thQ%saBRk'eg %%ﬁ%ﬂkgu%.%%%clge o IIn%oss t @?fét ual hon

consi.sti of stretchin mage |stogram 6 E8ver t he
avai | abl ethqmmellamr&t eins:lot yhepestrum. |t is not necessary to cal cuI ate the

whol e hi stogram since only the ni_mum and maxi num pi xel 20 intensities are
useful . Wth @HS?e %?uéé‘yagf I 5?@ Ui T abhe REAPBE BRI Wl ran®Rsi®m one

by one, eachyepi ¥ghaptehbat i BbbhalqhsBgerd PHESABAP A I B The
illustrate scal ed-down and

purpose of the enhancement is to give to the image more
balanced contrasts and luminosity. The applied technique can
be a linear histogram equalization consisting of stretching
the image histogram to cover the totality of the available
pixel intensity spectrum. It is not necessary to calculate
the whole histogram 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 images generated by the image processor 174
(Figure 7), and the corresponding histograms respectively. As
it can Dbe seen, the histogram shown in Fig. 198,
corresponding to the enhance image shown in Figure 194,
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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enhanced i nages generated by the inmage processor 174 (Figure 7), and the
correspondi ng hi stograns respectively. As it can be seen, the histogram
shown i nW®@24@9B, corresponding to the enhance i mage shP@IVCANO/H3GUr e 19A,
covers a wi der spectrumthan the histogramshow in Figure 18B for the

i mage prior to enhancenent as shown in Figure 30 18A. After the inage
enhanceneatamesel, pifxem @ﬁVEﬁ@rme§Mamau}Oiphﬁﬁﬁvdélayep$bseﬂtmanpho§phene

hat pnoghd Beaheated dudlnoqhe Sald K LU Al a0 JO0E" BRMERRINE | g

phosphene, creat o sp

WO 02/ 40@95e8€$h6é00&i1&:137c41e pafdaeter , ofr Om&ﬁvefnﬁj’dm&hﬂlﬁdrp plasgodel ay.
Si nce nan ihe parane%érs af f ect onIy the qualitative, part of
phosphenE §6BE YaiCoTang e i¥ 8ot sthpSehepr 2RsarFPcAUSIn P RBEily

curr ent | ¥nbhorquahl iy kngvBerbose PaAMeLELscYsl Derfas! | ki Andaduhgkl v

alterable. In addition, when stinulating biological s wt
el ectri chiodgeient, cefésswilil @ eiledfrideml samremt | sther stéhbidakhohhe

surroundl can b peat. ed ore_a dela ns. This delay is
cal | ed rep&iarlgg |o§eglg orc?g § Héhs€% é@FF&Pngégﬂnlﬁﬁ“HEHhogelo be
used for rbbéaﬁédml:te'ﬁdm af ddeagordeXfen Qﬂ[sder ThesCr@at £y ans | FRUSed

| nst ead, an, se ence nmust be selected in such a  way that each
sequent|§Fp§ PrOFA FBH FéMRot Fe¥edditied 19721 eﬁ%%%%%e?%a%n§@9nﬁﬁaﬂpﬁn
occurg edphef@ee tre rt%lé()ls%rl'rrﬁl@_ta'tci@)n tdfmB e TQfdékexx_bbhEg%eOf the
i npl ant system according to the invention allows t e use of any desired

scanni ngasedidaaee andtene, canfrauraegvance mhetibpl aaledteilt hn shehsane

sequence,, ef rin an the external unit
provi ded” tﬁﬁﬁﬁ%d%%%ﬁlg% ?éﬁ§ﬁ%%t %ﬁgm% S 8mihi RAF | 5ﬁecfg£%fthnaan
conput er afeat vaieoen)a f otimohdtHo abcenrasd tRFHoRUIAsSesepbRhrexafRbe, to

test the _system easil reco ni zabl e shapes may be used to test the
phospheng ine Ok ©8 apgéd He %elellltY 4 the implant system

according to the invention allows the use of any desired
scanning sequence and the configuration of the implant 4 with
the same sequence.
Referring to Figures 7 and 20, the external unit 6 may
be provided with a communication.port 188 for communication
20 with a computer (not shown) for configuration and test
purposes. For example, to test the system, easily
recognizable shapes may be used to test the prhosphene
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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apparition paraneters, as nentioned herei nabove. Those shapes can be
generated by the external unit 6 in response to a test request issued by
t he conpwep2/4@ss i nputted through a user interface 190. FO®BCA8®I13THN
select different patterns 192 and adjust the paraneters 194 on the fly.
For exanple, a square, a cross or a circle my be selected, each of which

can be iBorfespbhding qiiddde 100r medhdsACtRy @RBEN A $OMNE€ERSh aloFO BB 30

i npl emrented to enabl e nore conpl ex shapes. For greater user control, those
patt er nsSHBGCBYPRsETERY dualitiates parhalgeandord-r 19 yrediesdt Enage
command weEdsyi Noh hé‘aEXE@rEﬁhngé‘atiﬁstgﬁ@lysﬁ{thi‘%eEﬁécgréﬁodW fLaglay a
source inmage 196 as captured by the canera 8 or from another source, and
the 29 Wx022@40095 PCT/ CA00/ 01374 corresponding i mage 198 reduced to the
resol ution oth errflec%kpdﬁ.array 14, .in its enhanced form_The reduced

i mage resol Lt oR"ERAY bd Changed’ i At aftS yCHEARN & hB28r & A Hehu® 1 st
200. Ref esrifigl é0 fsgrneibn t peocader@ @nhasipeetenabl Yzcdm Vanhabien.

resol ution providing an electronic¢c zoomfunction. Such a feature can be

used to Ad&pt3the2IBHFr €8BI BEi BASf te hedapkabRet tanishpEPbUtiont fé Fhpl ant 4
(e. 9. 25;%248) th@ridhf t13id uabi el ”iﬂ\géﬂé‘{‘t the &@e%. 155 Fpr gﬁan%l & pLhe
i ew over a lar Ié

user may 10" choose between a coarse ge fie f visron or,
conver sebytuat denaillnedvlviely ther wedid mi s ed Foagneekamplaer the wiecemnayt he

detajls int of interest or.for readin urposes. Lnstead of using a
pre é%er%%ﬂgﬁgggﬁﬁggana procass’udi Rt nd gﬁﬁ5%4 %%gé R gUr&-8y Q&

her ei nabegsveeselyped, deshiickdldions dver educemt Redpassrband ofqdhero
transm tted data _when the stinulation sequence and the pixel nunbers are
const ant - BFeERchhEnedRt e bl 3 pedi 14 cPRHITE e€Fi P prERES s OFarfom| s8adeng

i npl enentgdrb 9411 ow the stinmulation sites to be 20 chosen according to
each i mage %o be transmtted. Then, by setting a light intensity threshold
under whi ch thestead of using a predetermined addressing process

using the RAM 64 (see Figure 8) as hereinabove described,
which allows to reduce the pass-band of the transmitted data
when the stimulation sequence and the pixel numbers are
constant for each image, a specific addressing process can
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 under which the
stimulation effect is considered to be negligible, certain
pixels of the image will be simply disregarded by the
external wunit 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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stinmulation effect is considered to be negligible, certain pixels of the
image will be sinply disregarded by the external unit 6. As a result,
power comneanpitoeh can be thereby reduced whil e the i nageP€rCAGEON3TALE S
i mproved. Preferably, the threshold is adjustable in order to
discrimnate the pixels to be transmtted fromthose to be discarded.

Cther suihabPe iadarassing AEtifsds daf atsonbelniaprbhenteansBdtyad tapl ant
system ageQr dhpg; 4o tdiesh nvaentéy%r&eﬁ@nwgeﬁdquigaﬁd E}&)% gjegaé@' &M [3,an

ul trasound sensor (not shown) ~having arge freld o tection,
pr ef er ablsyiosghlasby floddomiowy dfhet ek mmmeoonzafe$ heheankeao8 ehe

| ar ger, rovidi i.nformation on,the. proximty,of d t%ted objects, 30 WO
02/ 20005 SBET/ CAEE 61375 S CRATARS: NE-SPRAt FORCAPFEA0E PR ?‘FgﬁPrFﬁPéﬁ‘épﬁy
transm t odgekls, t hehlcdl Nmajuchhar syistemurul deal | g¥hibesUsgE tg Mawe

snoothly by followi ng the dark or clear zones that he or she sees, wthout
requi ri ngeFPst&ROPedBgfi-t Pen*of¢ he surrounding objects, which may be

difficult to gehigve ghphaqiQuhctesolstian (£ 9.5 AR 23 - \AVAL\J&e eghadi nent s

of this invention have been 1illustrated 1 n the acconpanyi ng draw ngs and
descri bedlabsteatedt ini thebecevingenyinhg thegéngki kheddiesctrheedr tbbhat,

changes 1Q an di fications, may, be made_therein w thout arting from
t he esserjfge "o 1??13'% ?‘Fll\/%%rﬂc oh® %\PPsguéﬁlﬂr@i& il@at%%sa T gggFi Ek‘?BH@Sare
bel i Bved ahd beaddiftikiat ithe seopeOfndde thewent i pnrasudeticpadt byt ke gl ai s

appended hereto. 31 WO 02/ 40095 PCT/ CAO0/ 01374 CLAIMS: 1. A body inplant
assenbl y “CEnpPFIRRGe & elBLEr oV IRN hafilhg FUFRI pred ikl ertemn sl eet r odes

di rect ed hewardsnkespeet i ¥g1sbi8Y! atdon,Si tiesin AN aﬁ{een%ope of the

invention as defined by the claims appended hereto.
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a full custom m xed-signal chip including a transceiver circuit coupled to
the antenna, an ACto DC transformation <circuit coupled to the transceiver
circuit anaopesesing the 10 full custom m xed-signal chi pP€T/eRIENSIYY
contained in a control signal received by the transceiver 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
sti mul at C&AL&Sgnal s in accordance with the operation data; an el ectrode
selection circuit connected to the stinuli generator circuit and having

sel ect abl e out puts [ ;transm ssion of the stimulation signals to selected
ones of 20 t%é §|8%@¥oa% ﬂ?ﬁ agég?ﬁgﬁgecﬁﬁPﬁl?ﬁggOperation data; and a

substrate suppertelkatifgea dirsf BbdengeeRiMiRd & hedjdedht CUSECMr odes

m xed- si gnal %hip the antenna and the el ectrode selection circuit, and a
second, OppSSFEE &PHBTPECEEVPRGELNE SELBULRSHENaPia®S the first side having
contacts |yingnarquBdnathe full custom m xed-signal chip and connected to
the outputs of the electrode selection circuit respectively, the second
si de havi ng aA &ntady cofstad] aversd-coigract sclalp ghedlwiihg andreaspected to

the el ectr res tively, . the cqontacts on he first and second sides
bei ng in%é?gngeccggﬁfggﬂg%tF@SIf‘ ryﬁbetﬁ%rAgyﬁéh Yot EFEBRheETREACRI cui t
acr0ss t bersubst rcat®lesURROr the 32 US04 4809% iRCT1GAAUY P13 @e r 2ng ThE DOy
|nplqrt 3s§$nbl according to claiml1, wherein the interconnection circuit
conpri sed ¢

r ORIt PRy B eOrgdanian t RBIBULSIA™t ENSEFor EoRhdiredckad bet ween

the sidegsontheneokghhe Cideciit,dRY8SS iaferco ' he_¢optacts gn the
first side with thggbontacfg éh t he §§cond si de %%%%g% ivgﬁgeugE’ThS body

i npl ant  &898&#BILYeAccor@RCERd cl diom 1thewheteims¢dieveont actowart t hanbi r st
si de arepgbﬁggggngQ@ékéﬂhon 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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10 alternate shifted pattern over two adjacent sets of rows surrounding
the full custom m xed-signal chip; and 4. The body inplant assenbly
accordi ngv@ 02/¢0083 m 1, wherein: the substrate support hasPar/sab&eiam i ally
flat front portion enbedding the full custom m xed-signal chip and the
el ectrode selection circuits, and a smaller rear portion projecting behind
the front portd.onTard bedgi vimgldhe =alsestylgdeaacbavinghetdi retaand second
sides of the substrate %0 sup ort,being on forenost and rearnost. faces of
the front"MRELT e pbr EFERLPRSHER | GEFGUIEhEORBRE BFS CARCURE fiaxvarsi de
proj ect thiduaty dade 30BEREabENINGLNE (RN DALKLONLBLALDE bR 18Aes
era

portion; and the interconnection Circuit conprises a series of perip
cont act s Hgendndi Hee t Rérapidy letvead dgerarcaurdatirgy obhe heon¢artsstorf ace

of the regr, partiaon, a wire .bond jntercopnecting th eri pher contacts
with theec%ceon%c Sgpap%e%%i nﬁlgﬁhi HaSt h%o??%ﬁ spogfli oﬁhgesﬁ&?ﬁ |y %hd
circuit |lmsgrestimddvi.n the rear portion and stacked between 30 the rearnost
face and a forenost face thereof, the circuit |ayers interconnecting the

peri pheral contacts with the array of adjacent contacts respectively. 33

WD 02/ 40095 PGT/ CAQQ/ 033d¢ FnpIEhe: b%@xée&mqgangceagam%éscoc!g%ﬂg to claim

1, wherein the full custom m xed-signal chip includes el ectrode”’
sel ect i oiwheinedy tthes coriea perdyon nphanfinssesbtly aceoddishgibatelaiim hn

wher epn t na Q he substratge suppprt around, the_full custom
nixeg?sié$ggég§%?§ §S§%§§Qb d?gﬁﬁﬁ) aﬁpegssgﬂ%ljigiﬁﬁﬁqﬁ n§ets cPhi mars 10
wher ei n tshve fomrldicus tidra riuwddd-csisgoal mdkicplHsighudeshd p;MRIL ori ng circui t

p

coupl ed between the el ectrode selection circuit and the controller, the
nonitoring circuit taking neasurenents of the stinulation signals in

response to 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.
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nonitoring control signals issued by the controller depending on the
operation data, and transmtting the neasurenents to the controller, the
control | avOp2/ewessi ng the nmeasurenents and transmtti ng PEBCAPEGLINL
signals to the transceiver <circuit for em ssion out of the body inplant
depending on the operation data. 20 8. The body inplant assenbly accordi ng
to claim1, Wwhe@ien bledvel énblede axssgmbly medeafdiigcdanpatibia 1,
material ,, and, has_a 1 crossysectipon, .the electrodes ,conprisin

monar cas afEta e i 7F puPBRE SR bR o Tl e R, bee T Rhes 1 Ehe

Cross- seelédbrod@dsd hecsubst cateuisupport has a thickness substantially

|l ess than 1 nm 9. The body inplant assenbly according to claim8, wherein

t he needl es have an average height of 1,5 mmand are 30 spaced from one

anot her by 408 pmy 10y, Abody i a %}@I si_ng; el ectrode_array having
mul ti pl e adj acent el ector gges p%%{%c{ﬁe%& oma’% ds?rl%eos%écrﬁ vgcost Frfrﬁlﬁrélt i %h
sites; 3uh& 02/ 4D69RIRCH A0k D48d4 onantlent subatrater anggRinter acotigdi t

coupl ed the, antenna; an AC to vol tage transformation circuit coupled
to the %fr?%ng%%fv%?s%?rpclﬂjr“fe‘gﬁﬁl?f??i/i PRy i npl ant power supply from energy
contained in an inplant control signal received by the transceiver
circuit; a controller connected to the transceiver circuit and processing
operation dath cdittai REEYi nitRéanhpl amtenont r glccasidimal  tecerkedmbylt he

control | rer S GEhe, attg st R 2T ot rafeb el L eRdPanE W (re
oper at i orodaterimgd camceligct codel sél detiverncitittli kleannrecleds Hpéveesnt he
stimuli g:l?{]glglaél %rr]ldCi {ﬁ:gi tcoaflncdrglhl_eereil eg‘rtléo%eonairtroafli’n(_:}[ h%ircuit 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 i,
wherein the electrode array is 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 um.

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

directed towards respective stimulation sites;
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el ectrode selection circuit having selectable outputs for transm ssion of
the stinmulation signals to sel ected ones of the el ectrodes in accordance
wi th t he voper/aimpdHn data; the controller having a decoder BCT/€APVOIdREOdI Ng
the operation data contained in the inplant control signal, a 20
configuration controller storing common and specific stinulation paraneters
specified in PRe2BfEPBRIOn data and respectively addressed to all of the

stinulation sit : ci.ki e e, st bul ati iites, and a
stinmul ation go%ﬁgg%éﬁ??oFﬁg%u??aég%tltggnégsFlﬁgrru?%{t?gﬁ%éont rol signals

to the stinul angexerav oDCcivaelidgée ntaensfdanaeivht feitdieriicosvapland to

specific,stinmulation paraneters, 11. The body i nplant according to claim
10, wher & tthjéan%%%]t‘g)%lf I 8P‘rFHFFh&nC}1a§rQVH§¥‘B9y 1TEHEEd BevekesuRd Y 30

confi gur &roan SN0l dsit Kk d henShinMildi0n casmBnch CQE%BQ%' HoccAd
storing a stinmulation sequence specified in the operation data an
r epr esenPYn§hén tspaecedesecéecid;of the outputs of the el ectrode

sel ection cirguit t i j;0n. si | s _respectively, 35 WO 02/ 40095
PCT/ CAOO/ 01374 105&5%1&?%0@&#%%2%? SR o e g PR 0L 5B i e
comon paraceselsgcomEise an daphi tamde Hfnddiei st ithd aim®Dansi @Rakso1a
duration of p i,n t mul ati ons signals, ,and a delay between two

| ses |, he st| .
bi pol ar Sﬁz%l@lsi GECEREeg: E%u}cbﬁ GRANSCAYPE, CLREVEEATi gurati on control | er
storimg an indi gatinani LRnckae R0UY; 4 APlaNt o AGSOr T Ngot el %io%‘tjr%gl‘g‘}erei n

the decoder circuit conprises a frame detector detecting data rames
cont ai ne@™n ¥¥ReTFpinmt scdmuleltisingnaignahed dm errcoprdencectworh amtte

command %%Qa@?%ﬂdﬁétﬁr;ogﬂﬁi ng command words formng the operation data
for the controller, the configuration controller and the stinulation
command cont eol | ekederode c ariectidort octiheuder cdotwsc et i W BhRckn cemeand
word decqder. .14. The bgdg ingl ant,accoréii to claim10, wherein the
stimull " geneératidn ircuit an e 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 between 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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transceiver circuit has an output producing a clock signal recovered from
the inplant control signal and transmtted to 20 the controller as a
timng baveo2/4®95 The body inplant according to claim 10, RMIBCAGOL3NE
controller has a power nmanagenent nodul e connected to the decoder circuit
and to predetermned circuits of the body inplant, for controllably
turning said predetermned circuits on and off in accordance with the

operation datg, 16nA i SOmpLi sl noL  ap, gl ectpode. arra ving

mul tiple adjacent electr dels B%mdi rect e%fljtl%v\%?dgl%@pgét’i S’g%srte’ll Ihcael on

sites; arcamenparanetanscebwpriser @t anplptadet @f hehantsarirail 1 AC t o

DC vol t age trﬁnsfor%i on.ci rCL]JEit coupled to_  the transceiver circuit and
o]

provi di ng it PoREFESERPI YL FRUNEF D200 PEFHEABBEHERT4 S Sner gy
cont ai neérd an deMRlyanbe el okwsi WidorLeebMdesbo hentr ANSGRINME 1 on
circuit; a controller connected to the transceiver circuit an processi ng
oper at i orf id&d Soorftd FeR filgurRé Liomp camt redierols togiigmalanr doeiived ilpn t he
transceiver circuit; a stinmuli generator circuit connected to the
controller and generating stinmulation signals in accordance with the
operation dat d;3.STdre daht riogel ssd] extd@dhdg ctdt ctapmeced whetragen die 10
stinmuli %eeré%rdati on,circuit and.the electrode arra the el ectrode

sel ecti o Ciacui t “hairng SS¥HE5% dut I‘éefSFteﬁ:Sﬁsn'il%’%?%"hi%g tdpca
st i mub at ifern@isgnair diqselected ongst M EberBLECLIHES | Qnacgﬂr% W th
ntro

the operation data; and a nonitoring unit coupled between the co er
and the COEATIRE sElEcEPBRaRdr vare, denpdsontpoddiabinyg t akinngnsli gralds

neasur emenf sy sekget ed nes sef, thgsti Oas{i op,sites in sponse .to

noni t ori ng co_ntgr ol “signal's and produci ngmt‘%es EE%W tc%ﬁl)@lﬁ%{ﬁefhdi ¢S ve of

t he si gnalonfsgsuedriom s; 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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the controller having a decoder circuit decoding the 20 operation data
contained in the inplant control signal, a nonitoring comrand gener ator
decodi ngvwid agymwsd s i nstructions contained in the operatipar/dav@oiand
transmtting the nonitoring control signals to the nonitoring unit in
accordance with the diagnosis instructions, and a diagnosis controller
recei vi nfrandepeogyssiangaireed et apsdp lsingnatentfalons idrea honeteoiirag unit.
17. The di\;_{her@ranscaggog_,di ng to claim 16, wherein the nonitoring unit
has an internal S|gnaF I5hr S8 Fbdbie 30 generating test signals used as

the stimul ati#&nceingialls depesthagrod the i tehhBaes9BEr i whgnal snga
current and voltage measur| ng circuit neasuri ng a stinmulation current and

a noni t oPEACGBFtAge CRIGIL A nBaFe oreatadacsf thethe ridmliaron centeelin

responsegt Qnaj CPLE di,ng+QRe 37 WD 02/ 40095
PCT/ CAOO/SO%ﬁLl 9§| g%ggg bg ng tg%?%gtgé?é%rengggr&%l%g a peak magni tude of the

vol t age, and a phameldet;@@tegnatmawmcmgta q:mmttmi veenthdecostollaki on
current and % J:anctored volu aEq_ tes result signals being derl ved
from the®s rﬁﬁ 55 %0H &r PE™ ﬁgnrm?ﬁqrb? Y VOt APECENY the "piiksetPE8. The
body i rrpbpétaaﬂcﬁ)rdaﬁg ;to claim 16, wherein the diagnosis controller is
connected to the transceiver circuit, the test result signals being
transmtted f?%mecli‘?ep?ﬁ%oﬁeéefﬁlé’&nt‘Fbﬁ”é%tt &~ Hee ¢ eths deitverenci th,ai t for

em S§j oNs Py 0f t@@nePQQYohnp%f%@uﬁﬁpgﬂﬂiP%h%ﬂe%mgéy@%ﬁit'Qgrg?folF The

body inplant according to claim18, wherei I agnosi s con has
connect i ®hschiofe pr%@b@@tmmed:lr@umtw havbdhgt Imelemttaibﬂe t @uttpansni fotest

Voot TobtPrOLPERbE ciorudf ot Tablhy Phgrant Sommoied sonen of
el ect r odehar ehgchﬁwag il bbpbedadiacenthetret bpd@&tlghr @thd Leuar ds
respective nEasgégfggilgéthlt 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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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 ngvo aph@ns power supply from energy contai ned i n BET/CApI/@I3T4 cont r ol
signal received by the transceiver circuit; a controller connected to the
transceiver circuit and processing operation data contained in the inplant
control s3@nsilgnala reezkveethy tolre Mganscigigves pebRUIMggrart wleecdf odae

sel ection g%rCUIt connected to the  electrode array, the e] ectrode

sel ect i o °itPEGY t 3MEvichgPRREF e ERLBFECOUTSASE RN ConPRAT aPRbreaR t hhe

sel ect ed senesiatiohhecgkesheodgaganghd hendespacdd V%I%ﬁbé’ enent Sh%@% and
38 WO 02/ 40095 PCT/ CA00/ 01374 a nonitoring unit coupled between the

control | éesgAd tHenadecbrbne smctabniePmcihe, %hm@bmtx@tl abkyenski ng
signal  ngasyr ggggggdaboﬁQ%g a%%y%geoggga f t he nmeasurenent sites in
ol an i i

response to nonitoring cont nal’'s producing test result signals
i ndi cative of the S|gnal nmeasurenents; the controller having a decoder

circuit decodhg &g operatlo ata contained in the | npl ant control
signal, a nonftorffighe r%ﬁ?ﬁerﬁﬁxﬁ%gch?%@n%érsWPﬁ§€%HcFP6ns

cont ai nedilla@nbléﬁSOE@h@EbQ'le&latJ.% @@qn@'c%@amtbt kRg tt'ﬂ%nége@@'rt QLl-pg;gontrol
Si gnal s to the nonitori ng uni t in accordance with di agnosi s

|nstructﬁ%ﬁsteéﬁdE?ﬁﬂkﬂyﬁﬁﬁﬁﬁlﬁxﬁﬂ¥mﬁIE#am$m$¢b$®gfaﬂm phecdssgngsuhe t est
resull Sicahdl-s1)COML BRMANLLALAGUNLL - B Ehe BOdY OBl ant accopding to
SRR “PoPhg8

cl ai m 20, erein nDnltorln as a curren ?urlng
circuit bw@asumpmgna dapeedun@n@nathelb@geaaﬁbﬁsaaaannnltored one of the
measurenent sites, a peak detector neasuring a peak nagnitude of the

vol tage, and a phase detector neasuring a 20 phase between the current and

the voltage, tbe trast borsultmpIdinad scheling des i vedihr om t heccUifepte the
voltage %ﬂgg%ggls 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 circuit 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 +o 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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phase. 22. The body inplant according to claim 20, wherein the diagnosis
controller is connected to the transceiver circuit, the test result

si gnal s bedny4apmnsmtted fromthe diagnosis controller POTACA@/0I3ZNSCei ver
circuit for em ssion out of the body inplant depending on the operation
data. 30 23. A body inplant conprising: an electrode array_having nultiple
adj acent eIec?r@ﬂ@gtogEP%cF%ﬂtt6&&?&% r@@B@%?Pth§tFﬁﬁFé@iéﬁrsPP sthan

ant enna; «fcLEABRELISUA cEilglUidi caupl edaha (e +aRhenpa. MR 0 5
PCT/CAOO?OT374 anéACetolBC v&itage trgnsfornat?o%%%??éJ%?cﬁgipgééggg t he

transcei nepspirevahntsant phevidiagtedpbants pbdwehesuppbyremenin entegyin
cont ai ned _i n_i | a ntrol signal receive b he transcei ver
ek ogtsreol K %“%"E%SS tC&? 67T r aNdEEi X%ﬁ?raﬁ%“a‘hcﬁdlg ESEEssi ng

circuit; ac€on er connec 0 er p
oper at i onedalla eaghailsetinihchbevenpFashecenthol mshgnakmegesived by the
transceiver circuit; a stinmulj generator circuit connected to the

control l er ahf8SgeifftEaNG st PRULREI oh SiegRses | flheebt d&se@diingh the 10

oper at i ogpdabai candiA eLerthoHegselecthan GigiGd Eeﬂefsiedsitbﬁﬂa‘éfe“at he
stinmuli generation circuit and the electrode array, the el ectTodé€
sel ect i onoceikeuil nghapimmgnsle lgsateatsite o i di g odipeghosnd oiohanneksofier

transm ssi he .sti ati signals to, selected ones of the e|lectrodes
in accorggﬁggg&F?h ﬁ%b q%%%ra??%ﬁagé?g; 9ﬁ§ael§%¥$og%r%%ﬁ%ix?%%gci%gﬁit
i ncliudi ngeonfiabréagh cohanedl , @igems tipbexeheCi hHitcozamect @gi ¢ o and
operatin swiitch arrangenments,in accordance with site and polarity 20

control gF@ﬁﬁP@?¢Fh¥¥5ﬁt?ﬂ?ea+%%@%ﬁ%ﬁt%nﬁéFHStéﬂﬁﬁecﬁ%ﬂit% dipgnosis
stimul at eRtsbanaks adi6aRRecRd pesResEiNg! ¥nko e QWP SsggFLg0ed to

t he channel ;
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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the stinmuli generator circuit including, for each channel, a signal
generator controlled by a channel controller assisted by a tiner connected
to a regiwder4008i rcuit receiving stinulation control signRCECADNE3Z gnal
generator producing the stinulation signals in accordance wth the
stimulation control signals, the register circuit and the channel

control | er pradudingte h&Csivce targd potazins f9rat tont célcaiignaloanpedacteor dance

with the_stinulation control signals; d.the contraller_ havin coder
ol reut - BERoag A Yner araht dana” TG e TR AR Conbrlf
signal , arofoehiegyfatdsitLaMd old eanstapilagtstdond @il o5 pes aneteesved0 WO

02/ 40095 PCT/ CA00/ 01374 specified in the operation data, and a stinulation
command P¥ohbeoFFerRsEraNSEm CEFRYLERe stinul ation control signals to the

stinuli generat i, GifpuUidy | BoAtCordanes Wid thengsth gul-atdon. par agpyers.

[
24. The body 1 nplant according to claim 23, wherein each register circuit
conpri seprbcessingd grmmitdi et datd coagidneds, imnéhef imtpleintbecogtuséd to

| oad the_stimulation_contr L signals for _a next.stimulation while the
ot her on@liﬁggefﬁﬁeﬁgsg Eg g SV%ggnFﬁglg?fnﬁﬁﬁFFﬁ ‘control signals for a

current stinuhatkemuldS.gehedtedy dimdat asoddtidy t® €hai sbABronnerei n
each signal generator conprises a digital_ to anal og converter producing

an anal ofEurdIRT 3T Hr@l SEEMMlAG16Re DF9RRES dfY nBFEPTORNGEgiHItl 8BS The

bodylénpg?ggaggggrqggg;tgnglain123, further conprising: 20 a nonitoring
unit coupfed between the controller and the electrode selection circuit,
and control | abhy ¢bh&k¢hyoderasuresrtdmrs of rsvliéct echmieisedf bieteresni mohat i on

SLOnRL S LDARLEIPONRRAL IR (BLLNO, ol Bl VA oduslgy et
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; A
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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and wherein: the electrode selection circuit further includes, for each
channel, a nultiplexer circuit connected to the outputs assigned to the
channel w0 0z@loexti ve nonitoring thereof by the nonitorigI/aANVGRPpeNndi ng
on a nonitoring channel signal; 30 and the controller includes a
nonitoring conmand generator decodi ng diagnosis instructions contained in
t he operagptonfigdat dnanchér apekttbng dalve ,nomid ori ngk icontatalorsi gomhando t he
nonitoring unit_and the nnnitpring channel .si.gnal to ghe 41, WO 02/@0095
PCT/ CAO0F028¥2L LeF e (733 st it i BRC iS4t Ok c6PRERRE WitdRatte ©°

di agnosi gnei NgkK HEhii0NSye @ik oA agNPSH St CONAT Ol Rio HRGRIV Nei @Nd the
processing the test result signals fromthe nonitoring unit. 27. The body
i npl ant atéordehgonopskaimeités.wherein the nonitoring unit conprises a
peak detector neasuring a highest anplitude |evel of a nonitored one of
the stinmulation signals, and a conparator producing an overfl ow signal
when the highest Thapbbtydembeyek exceedsng poedebémnPBedwhakteiy &6ch

t hreshol d, the overf] ow si gnal belng?reported to di agnosi s controller

he
for procé§8iA§ethere@dicubs. ARMBFLF ci§Pr§FSidﬁnéysF§ﬁPP 55Ul aPfng a

visual  captiexe0k,a pld NdePehIen. LAWY iy £8 hofdys i vpd agkinAchygdbAg an
el ectrode array having nultiple adjacent el ectrodes applicabl e against the

visual conterlofsitdnals i Adrper skt agidinuldtion swhinlkattdre neter ABENt ed

on a. hack side of e electrode array, for. .selectively gene iR
stinﬁ?at?&ﬁngiéﬁﬁfé on Yhe'e %cFﬁ8d§§l§BESFégﬁcfﬁﬁﬁﬁﬁgs6%5%ggﬁ%n %ﬁeavisual
cortex represant shgmanatdroni.ficial inmage in response to airwave-received

i nplant control signals; and an external unit including an inmage sensor
adapted to take a real scene inmmge, an imge processor and conmand

generator neans cepregbed LaphReti FRE6r8eA§oLof 8N aRn008SSkR@rein 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 c¢laim 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
41



i mge data signals produced by the inage sensor in accordance wth
predeterm ned processing operations and generating inplant conpatible

sti nmul at ivodow¢repinds causi ng the body inplant to produceP€heAsn/i3f4 ci al

i mage on the visual cortex 30 corresponding to the real scene inmage, and a
transceiver circuit connected to the inage processor and command

gener at oe1peaRsdef gelpEoduai ng raiuiwavier tacdtadariced wingit abhe doagnokisi gnal s
carrying the stinulation commands, the rocessigg oPerations.incIuding a

di gi t al | 2BELERCHECRRe | RBfe 42 WOTH L0 PEH 015731 ERa sfBfal's to

forma di Qior:_@lsskﬁag@heaee'gerag@sh@@ugapﬁalef frofeHb ohbak cbeRAg LALe.a _
scal ed down i nmage having a sane resolution as the electrode array, and an

i mge enhancenment of the scaled down image to form an enhanced i mage

correspondi ng.,to e artifi.cial imge produced by, the i ppl i nd
fromwhich t hZﬁSt &Eﬁl §f°|d n lé“@ﬁ\%lr?dsa%a%ogr%élﬁe?cﬁ eéldl.a]fg.égﬁe‘%g(%f?wc%g?

vi si on syshefbacegr dhg tempkaises28, pewRetetsctbe msagartaduat hdphestpri ses
a determ nation of an 10-average light intensity an conpl enentary. areas of
the di gi BEPLikHEE coFBRINgCE pPedBPBLAPHES nBRBer Cbf EBFacéﬁPmBiﬁéFg? each

one of thg ALeas %‘i’irdr§p9%99a£8r9%§oﬁhcﬁﬂﬁ ahedyodesoy of 1 thel elaehr ode
nds b g

array, the“stinulation co ei produced as a function of the
aver age lthghthigiteatsi ampl30udThelewrd] f extaddyi ¢ Ereystermbredr deAgto

claim?29,, wherein t i mge ephancenent _conpri.ses a linear . hisfog
equa zaFF&ﬁSEPEFhe g%ﬁiedgﬁ%ﬁﬁy?%agglgﬁggdn%ﬁlﬁQXiﬁﬁﬁ%ﬁh&xiniﬁénukgg}xe
i ntensi t s g@ekest ednitRoll he rs Ealre g rdews si ABYeher2B£43

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

a body dimplant dincluding 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
selectiveiy generating stimulation signals on the electrodes

20 producing phosphenes on the wvisual cortex representing an
artificial image in response to airwave-received dimplant
control signals; and

an external unit including an image sensor adapted to
take a real scene 1image, an 1image 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

30 corresponding to the real scene image, and a transceiver
circuit connected to the image processor and command
generator means, for producing airwave—transmittea: 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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