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APPLI CATI ON- SPECI FI C | NTEGRATED Cl RCUI TS CROSS- REFERENCE TO RELATED PATENT
APPLI CATIVENS0{10@8Bp Thi s application clains the benefit poff/ud28.1/0R80%i si onal
Application No. 61/356,619 filed June 20, 2010, and entitled "ASIC Design
and Function." The above-referenced application is incorporated herein by
reference in its entirety. BACKGROUND [ 0002] There are two major conditions
that affect an individual's ability to focus on near and internediate

di stance objects: presbyopia and pseudophaki a. Presbyopia is the | oss of
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estimated that there are approximately 90 mllion to 100 mllion presbyopes
inthe United States. Worldwide, it is estinated that there are
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correcting presbyopia are reading glasses, nultifocal ophthalmc |enses,
and contact lenses fit to provide nonovision. Reading gl asses have a S|ngle
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(IALs). Multifocal ophthalmc I enses work by nmeans of a division of the

|l ens's area into regions of diffgreﬂ%ﬁggihﬁgl powers. Miultifocal |enses may
be conprised of continuous surfa ate continuous optical power as
in a Progressive Addition Lens (PAL). Alternatively, nultifocal |enses may

be conpgogedriefc £t 3w tldidiusHitishs hatafect Ao dtViddl 8 afilRE Nfobiu@tScaPRid Cal
power as in bifocals or trifocals. Contact |lenses fit to provide nonovi sion
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for correctin
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2011/ BSB9HRET didSd 01 1thR408BF accommodation first results in an inability to focus on near
distance objects and later results in an inability to focus on intermediate distance objects. It is
estimated that there are approximately 90 million to 100 million presbyopes in the United States.
Worldwide, it is estimated that there are approximately 1.6 billion presbyopes.
[0003] The standard tools for correcting presbyopia are reading glasses, multifocal ophthalmic
lenses, and contact lenses fit to provide monovision. Reading glasses have a single optical power
for correcting near distance focusing problems. A multifocal lens is a lens that has more than one
focal length (i.e., optical power) for correcting focusing problems across a range of distances.
Multifocal optics are used in eyeglasses, contact lenses, and intra-ocular lenses (IOLs).
Multifocal ophthalmic lenses work by means of a division of the lens’s area into regions of
different optical powers. Multifocal lenses may be comprised of continuous surfaces that create
continuous optical power as in a Progressive Addition Lens (PAL). Alternatively, multifocal
lenses may be comprised of discontinuous surfaces that create discontinuous optical power as in
bifocals or trifocals. Contact lenses fit to provide monovision are two contact lenses having
different optical powers. One contact lens is for correcting mostly far distance focusing problems

and the other contact lens is for correcting mostly near distance focusing problems.
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[ 0004] Pseudophakia is the replacenent of the crystalline lens of the eye
with an 1O, usually follow ng surgical renoval of the crystalline |ens
during cawverauotieésespgery. For all practical purposes, anPcmdiSeéidoadsoa | | get
cataracts if he or she lives | ong enough. Furthernore, nost individuals
with cataracts will have a cataract operation at sone point in their lives.
It is estimated that approximately 1.2 mllion cataract surgeries are
performed annually in the United States. In a pseudophakic individual, the
absence of the crystalline | ens causes a conplete | oss of accommodati on
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el ectro-active el ements can be used as shutters that provide dynamnically
vari abbgcopti cal power as disclosed in U'S. Patent No. 7,926,940 to Blum et
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opht hal m ¢ device with a high-voltage application-specific integrated
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[0010] In futher enbodinents, at |east one of the high-voltage and

| ow- vol tage ASICs includes a nonvolatile nenory configured to store
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| ogic controller to determ ne an actuation state of the el ectro-active

el ement based on an accommodati on signal representative of an accommvodative
response of a patient's eye. The accommopdati on signal nay be converted from
an anal og signal by an anal ogto-digital converter (ADC) that, optionally,
conpares the anal og signal to a reference signal from a bandgap bl ock that
isin de oth t r.e.an ower
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The constant current can be about 120 pA to about 180 pA, and the predetermined voltage can

be about 1.6 V to about 1.8 V.
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[0009] Alternatively, the power supply may be or include a solar cell that generates a current
for powering the high-voltage ASIC and/or the low-voltage ASIC.

[0010] In futher embodiments, at least one of the high-voltage and low-voltage ASICs includes
a nonvolatile memory configured to store information for actuating the electro-active element
and/or a programmable logic controller to determine an actuation state of the electro-active
element based on an accommodation signal representative of an accommodative response of a
patient’s eye. The accommodation signal may be converted from an analog signal by an analog-
to-digital converter (ADC) that, optionally, compares the analog signal to a reference signal from
a bandgap block that is independent of both temperature and a power supply voltage.

[0011] In exemplary embodiments, one or both ASICs may have a length of about 2 mm or

less or and a width of about 2 mm or less. The ASICs can also be hermetically sealed.



[0017] FIG 3 is a circuit diagramof a charge punp suitable for use in the
ASICs of FIGS. 1 and 2. [0018] FIG 4 is a circuit diagramof an

anal og-t owoi2gittmBoseonverter (ADC) suitable for use in tReTASR@I/00f89¢1 GS. 1
and 2. [0019] FIG 5 is a circuit diagramof a bandgap bl ock suitable for
use in the ASICs of FIGS. 1 and 2. [0020] FIG 6 shows the actuator of FIG
2. [0021] FIG 7 shows plan and el evation views of the rechargeable
battery, first application-specific integrated circuit (ASIC), second ASIC,
and el ectro-active elenment of FIG 1. WO 2011/ 163080PCT/ USZOll/ 040896
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8. power supply transforms the first voltage to a second voltage that is both greater than the first

voltage and suitable for actuating an electro-active element. A battery charger charges the battery

(1) at a constant current until the battery reaches a predetermined voltage; and (ii) at a constant

voltage for a predetermined time after the battery reaches the predetermined voltage.

[0013] The foregoing summary is illustrative only and is not intended to be in any way

limiting. In addition to the illustrative aspects, embodiments, and features described above,

further aspects, embodiments, and features will become apparent by reference to the following

drawings and the detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and together with the description serve to
explain principles of the invention.

[0015] FIG. 1 is a diagram of an implantable ophthalmic device that includes a rechargeable
battery, first application-specific integrated circuit (ASIC), second ASIC, and electro-active
element.

[0016] FIG. 2 illustrates first and second ASICs suitable for use in the implantable ophthalmic
device of FIG. 1.

[0017] FIG. 3 is a circuit diagram of a charge pump suitable for use in the ASICs of FIGS. 1
and 2.

[0018] FIG. 4 is a circuit diagram of an analog-to-digital converter (ADC) suitable for use in
the ASICs of FIGS. 1 and 2.

[0019] FIG. 5 is a circuit diagram of a bandgap block suitable for use in the ASICs of FIGS. 1
and 2.

[0020] FIG. 6 shows the actuator of FIG. 2.

[0021] FIG. 7 shows plan and elevation views of the rechargeable battery, first application-
specific integrated circuit (ASIC), second ASIC, and electro-active element of FIG. 1.
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[0025] FIG 11 shows a radio-frequency (rf) antenna suitable for

i nductively charging the batteries of FIG 8. [0026] FIG 12 shows a
rectifi erwoizntwiesossui t abl e for harvesting a DC vol t age POTAlsarigo4ishe
batteries of FIG 8. [0027] FIG 13 illustrates inductive charging of the
batteries of FIG 8 using the rf antenna suitable of FIG 11. [0028] FIG
14 is a state diagramthat illustrates operation of illustrative first and
second ASICs. [0029] FIG 15 shows an exenplary el ectro-active suitable for
use with the ASICs of FIGS. 2 and 8 [0030] FIG 16 is a pI ot of current

oeral PR LR ¥Rl Ea Sl BR AR e RS T GNP PP UEE

i nventdcoide af BIG.I1. ustrated in the drawi ngs. An effort has been made to use
the sane or like reference nunbers to refer to the sane or |ike parts.

QOht hdfP33d BdGi dsbowi thie bappyilest MeaLtapfdil6; 8- | ntegrated Gircuits [0032]
El ect gﬁ ﬂit IdF\f% &b SR fe bSHED RS %1}'5%%@ u?ed in inplantable and wearabl e
m e

opht h vices, require per ing voltages of about 5-11 V (e.g., about
9 V). [ldxge Riﬁeﬂhhhcn@ aadicajepicace(riintengs edtabic fohanluttinelyicharging liles s

typically.pravided by batteries, solar cells, or other power supplies
suita Egrf%ro(%&g ‘n i npl antabl e or wearabl e opht hal mi ¢ devi ces, which are

t ypi cahdde) Oy, R El?d%s“a febii Bt SiCRit lsﬁ‘itéﬂ)'l@%?h%eﬁﬂ% tle%R@é“esto cﬁa&%@ﬂec at ed
driver circuit can be used to step up the power supply voltage to a voltage

hi gh é)ratoctgdsdfﬁlﬁﬂ ve an el ectro-active el enent, but dedicated driver

glpl’ht(:: E:’;{{'?‘#ﬁ gggp gqﬂgﬁ%t%g] 181'1|duct R c%argln ! ththe Datteras of Ff(? % 1%sllnzgeth(e) rf e'{nrt]enna
suitable of FIG. 11.
[0028] FIG. 14 is a state diagram that illustrates operation of illustrative first and second
ASICs.
[0029] FIG. 15 shows an exemplary electro-active suitable for use with the ASICs of FIGS. 2
and 8.
[0030] FIG. 16 is a plot of current and voltage versus time during an illustrative battery

charging cycle.
DETAILED DESCRIPTION

[0031] Presently preferred embodiments of the invention are illustrated in the drawings. An

effort has been made to use the same or like reference numbers to refer to the same or like parts.

Ophthalmic Devices with Application-Specific Integrated Circuits

[0032] Electro-active elements, such as those used in implantable and wearable ophthalmic
devices, require operating voltages of about 5-11 V (e.g., about 9 V). These operating voltages
are much greater than the 4 V or less typically provided by batteries, solar cells, or other power
supplies suitable for use in implantable or wearable ophthalmic devices, which are typically only
a few millimeters in diameter and thickness. A dedicated driver circuit can be used to step up the
power supply voltage to a voltage high enough to drive an electro-active element, but dedicated

driver circuit take up additional space, which increases the size of the ophthalmic device, and
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WO 2011/ 163080PCT/ US2011/ 040896 di ssi pate power, which decreases the usable
lifetinme of the ophthal mc device. Alternatively, all the electronics in
t he opht hasiDrebti/@aasbce can be operated at the sane vol t ageTAS241h840896
el ectro-active elenent; however, this |leads to increased heat dissipation
due to power | osses associated with stepping up the voltage fromthe power
supply. As understood by those of skill in the art, increased heat
di ssipation is undesirable because it can |ead to damage to the eye. [0033]
The ophthal m c devices disclosed herein each use tmo separate
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ot her (Q@x@@)cswéey E1R Sing [0 Fhk sbdbnd QOBICe XA dperatar kdasvely Igh WoRgdel ons
(and associ ated functional conponents) are partitioned anong the first
(1 ow ¢eld-tade)V. Asil@les mhg@@malp(thﬁt@tpps @ptﬂ@@egltagsfrena%p@wn suiely. smieh ap prisk
ASE S BRSOl DS 1eand Ak B\ ako A0 G RONGER BY (&) FEL Re higpenCy
(rf) f1eld, , 1 nc rf communi cation section enna parts of the

power ﬂﬁmﬂa@mﬁ@d@,to,peamlattltw voRade theyebadugdligss pover, aelaolmdloPeSJs& thaakafgles t he
functional bl ocks that are associated with therag%f These therap
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first f6@pntspthah aﬂlesDOqBCm@n doASHELs, Whichtniekies vtmoslssblettdneedhcaf e sﬁSIaﬁ.‘d
controls the secaond IC s g a{ﬁjhgnal st ate by initiathg ‘wake- up i.e.,
by calPQWﬁbCQI}%EmQB%ﬂ agrent gyl F1EF BHTPS BlP Qﬂ NPHCAUFSIIESENCSHS e i n

whi ch 1Rt € 6 PRI HA8Sh dielorSG @t 6theF DRAYR cohNGt WD
2011/163080PCT/U82011/040896 el ectro-active elenent or consume much power

t o an [0kl atlh soak cxenapleryi devides.che fimetissdondlasiSti@ed fepsiond compobats)ars
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first frktoNs1C0htRE&) thdldetiohdl ®IRREHARAR o wdRM 5L RARSHERRNELES RANEr than
ot her opht hal m ¢ devices that offer simlar functionality to the patient.
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threshold, e.g., due to self-discharge, a swt a _latch el enent,
such agcoaﬁft@ CPRNFUnEG3Ye Yl?tatsﬁéal§8@8}t)é“9&81)’€“6?¥§%§ WHtC&@&yrt@étquw‘gi Héesecond
ASI C fL CQ%M%%R%&%Qhﬁﬁ%Htﬁyﬁﬁhﬁéug'SCharge of the battery. O her
featur I'ng current consunption (and extendi ng the device

lifet |[ﬂﬂa35]| ﬁEﬂeLfdet APl @pulatps theescABIACASHE. Iaotlmmmotdsc&efﬁmtq%ﬁiﬁcgontmhkhmg as
few gate st transitions 055|ble and intermtte en anal og
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i mpl ant.altien %ﬁ% Al Gledpdae; 1111@Qrch$1&’ecsféc§1§d ARIC §bos oPhetHE of ﬁoxﬂéﬁﬁéﬂ cally
correcting or adjusting a patient's vision. The device 100 includes an
power supply-in this case, a rechargeable battery 130-coupled to a first
ASI C 110 and a second ASIC 120. The battery 130 provides current at a
relatively |ow voltage, e.g., about 4 V or less, to both ASICs 110 and 120.
The second ASIC 120 is coupled to an electro-active el enment 140 that
operates at a relatively high voltage, e.g., about 5 V to about 11 V. The
el ectro-active elenent 140 provides a dynam cally variable optical power
and/ or depth of field that adds to the (optional) static optical power
provi ded by the device's curved surface. In this case, the electroactive
elenent 140 acts as a varlable dlaneter aperture that ~opens and closes in
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[0038] FIG 2 shows the first ASIC 110 and second ASIC 120 in greater
detail. The first ASIC 110 stores (i.e., maintains) settings for the

el ect r o- aw0I2oe/B@GNent 140 in nonvol atile menory WO PCT/US2011/040896

2011/ 163080PCT/ US2011/ 040896 112, such as an electrically erasable
programmuabl e read-only nmenory (EEPROM) or other suitable nmenory. The
settings for the electro-active elenent 140, which correspond to different
accomodati ve responses, nay be | oaded onto the nenory 112 via one or nore
radi o frequency (rf) antennas 160 (FI G 1) that drive an rf front end 111.
For ex ent Ia and h ht m c
devi c ?e rf) haCtlve ﬁ‘;}lel%gess “Peio erg}:l%?1 dr%?r%éﬁ P S?r?tzlionns mg)tf1 ¢t IC% t% gec’roggé ll}ggcy

recei \segs oy thdattefy vaﬂrage Bred /3164 tualdiedr FpBW%fSttH@ electil&@ctmxeleaﬂmsm Becomsetlingo
charge t he power supg y as described below  Level shifters 113 transl ate
£

si gnaltle encsingriéate ot the gegond hlighveltege) Aoy ovithethe fgstlove-Hpitaget ApIC

t I SPI
decoap i Acte Byfhlel R GEDL Rl ST SN Tl ABNEL iyt 4L e E ols a
batterfynatﬂaaalgerto ﬂh]:épa(lek&scri bed bel ow). The di gr taI control and SPI decoder

115 al onnects to second AS| C 120 vi i nks. 11 003 evel
shi ¢ dP836] oo hervesand %%@ﬁnwﬂgre%% A QaltRg] ?@gfa e@jrltrarnlgqr lghts 93%%43

first AgLG bkO %et 18 o Reib8ic! f@é{ﬁ‘ér§whf‘@¥helé§&91d9%1@ iR ﬁrpgétﬁmgleeanld%bfétl@f?ﬂt rol ler
(PLC) 1227in the second ASIC 120. A power supply sw tch 127 couples the

first sthab. E\é@omlda BeGsletdlonoriad s¢roct thet ﬁbafoate@ry voR&ge latndr@pbébtleww | evel

1 th b | t h t
Compl PeemERd LSS ' e SR W ST isp e iR f B k ARl s A Rsond®
ASI C B20ipwingy) it 1 sB@MﬂrAmeMs %N\écbﬁﬁbcﬂlﬁg tHe%e@drﬁlS&SiIC 168 thabdtREy toVdd age

threshold | evel is the same for rising and falling edges. The filtering of
gl i t cHeheydegherge hbthehetetyoP ey latugepetor gedaélng@veént\noewreptml (and cxtendingt |
once t Iev e t th hoI for a
m ni nﬁfrf;% %er\r’gct?ﬁl “’%h)tm&ah%%or%“ omé?giggatr%@etél oc?ﬁ“%%gy’ ars e reset
si gnalstatd @84QJonThep&isBld 28d a{tamldéntmaahﬁghzﬁrag% ﬂaﬂﬁﬁ)nﬂlﬁébctléﬂmibnleﬁerg reater
detail in FIG 3, that steps up, or transforns, the | ow voltage fromthe
batterP?SScﬂ%)lea hi gh voltage suitable for actuating the electro-active el enent
140 wirhgBAN AL YhALs dSeeni@iy SHAMRaBIe dofafRRIQEiIRYTP, shétt alBVI a
batte @I tag}e g(% ou%xe?ﬁo r{yo gﬁg < elotepv&a sﬁi#gcﬁewgglgd?%?/r%ﬂ gﬂrﬁb%

i qui dndygmmlazillybmedtlmg ecidjoaiap b\petieltamesion. Theelcelvar 0@ inpludes A2 powenvert s

the DC battery .vol t age iodi ca swi t chi ng. a c or electrolytic
CapaCISPHﬁyWIU(l 15 E5F VRIS r{%%%i“sbaﬂigw (}/—P‘P}&’H@ﬁota%ﬁé%gﬁqagl()[@d&r% t he
capacigqr y. TR@E‘%HI 120 bﬁovﬁféé PPt ay@r&ﬁgerysrew \Q)@tagé\l%)gt ,abbl4 Wrtl@s@et%
connect the capacitor to the output in a way that produces a different

vol t adeth AHKTs, 110, aad 120 HEheegbrar AVKT 1 Ay cospldd taampdessro-adiive elcamnt bdGidiat ve

coup! Sl FMHEREE Siicop e 404G iy wtednf b € lepeg Wi Gt

di gi t 1120 pr&i@Ral &by Reriseesptical pOwerdand A dgRRA oBlierknd2Rlds Rathe pr ovi des a
reference voltage to the ADC 124, and a clock 128. In operation, the ADC

124, \pptiomal)stasis enkical Royerprosided by A dqvipers qrves suaﬁagfr dp thiscasa, thaaleslgosi gnal
(e.0., r ) I mt h
sengor b AU ks WAL iRt B RS T IRER B EoR0S B G
bandgapcdrhmodatil2 SrigglnetoAbeds2 4r |dl@hwée1$e deppi ofi cldITBiY devgei 100 gy dld er 402
and an aut o-rangi ng function that autorratr cally switches the anal og | evel
capt ure r%@nsqrdé 2ot dccing e fiv FacePmIiodatie 1SsRtdgagd DBICERORIOSCATR] udes a
volta f

Vhen CRS B A pek e Buicrly SRR Rat feiei 80 139 s 25 B PENGE, e
ADC 1%41as‘scresa,rmhmcammhnbrcdﬂcbﬂsmmhkemetedabe signal while the bandgap bl ock 125

is di uce . power npt.i on t he reference.si i's

| ndepdbiie 10P- £ REoRRRRRY AP DYeR et S E 1 bun e Al L6 BOBRSTN e
consi g @{orés% PORRtAiAs)ACHR! ahd Mecttd-h AR Remehb ?40’*%0%36‘1&1&%&%&5 a
digital signal Tndicative of the detected accormpdative trigger to the PLC
122, which processes the di grtal Si gna) through an al gorithmor |ogic as
descrl bed bel ow. The PLC 122 retrieves data maintained in a | ook-up table
in the nenory 112 and determ nes the appropriate setting for the

el ectro-active el enent 140 based on the digital signal and the data from

t he | ook-up table. The PLC 122 then uses an drives the charge punp 121 and
the actuator 123 to set the electro-active el enent 140 appropriately.




[ 0043] For instance, the sensor 150 may detect a decrease in pupil size,
but no change in anbient |ight level, indicating that the patient is

at t enpt i nyot2011f168088 on a near object. The ADC 124 di gi t PEEAISPIIONGESA6 I ent
fromthe sensor 150 to provide a digital signal whose anplitude indicates
the desired degree of accommodation. (In sonme cases, the ADC 124 may
anplify the signal |evel by a predeterm ned gain.) The PLC 122 uses the
digital signal to select an appropriate setting for the electro-active

el ement 140 from am)ng pal rs of accommdatl on val ues and correspondi ng

el ectrgractjve. el ok- nenory
Tio e Beb S S ERObL Eh I Bty Dadoh e BRER I A e

act uatsaitablaﬁmnﬁ)hpmcm&nﬁgﬁor ﬁleaesecm drdnbe eRgRnc140; wh‘tich dodrebutidaa sieffdrte
optical power and/or depth of field by actuatin % the el ectro-active el enent
140, WRTUPMPIRtyR EGHRORSS ampnpalopded,entp Hiedmemony) Id2 vea ongiemensaadigificgnasys80

d 6 | t
PR R S D LA RS Lo
el enenttud#DandByr \poetithgoghthdl miede veRO0w din el woEsarnatt ositreg tieanmrhodneiss cﬁﬁieZatand
684, thj | t i d. FIG 7 | t
Cot vy R S0t G AT 0l el S R B S0 §SL5RE
i ncl udgset Afply ésS&eséﬁie@ b%ﬂo% L%@@l%fhe%ssi @Strén%&te ﬁg@a@ﬁ@&ttﬁ@r%ﬂt ¥fd €8 1o 140.

The assenbly may be enbedded in or affixed to an inplantable optic,
such é@glales'plssmtddd: fdrem‘srpmt@tldmbm titpgal mﬁahma:lﬂeeabnzﬂmltfahmrtfaoaéSPbe 100

h I Th 3 0 d t cti

Suon 4sCade 14 e e SRR o Tomi B BERE Fu e ea SpanBuse

cent er@sbcAbed i8owpPtrhe AlgiRkesntdi A NSPRESENRI 1Y 5 308 comhes b redscamer Aule 301
defines a limt on the aperture dianeter range (and depth of field range)
provi déf vinSRIHmka|1¢®t r 0- acti ve el ement 130. Pads for the first and second
ASI Cs f | t
B I e I R e e W

may be 1pepldgad ledelviHabusdsdrbyausio @laﬁ@ﬁdUMloglccc@ﬁﬁolrn@r(PEC) 122 nudle Bgoh i ASEC
descri bed with resgﬁct to FIG 2A. The ASI Cs conmmuni cate with each

ot her I¢0aAPAPEHYPD WlF&y@r@%ﬂ%ﬁ@éﬂ“@@@%‘éﬁdﬁ%%dlé@’t 28¢te sheaadterr B power
from f I

( omy HE AL AR AR ROEMIY el L Sl AT T e,

upper sgpEsd byrthpbasty ¢3Gubpdwaten B8t bivutt 148 Irmrthgk@sﬁd AlSI@Ilae twhen $hebst rate

330. Th bstrate 304 ted with t al 306,
Po0sc PanerREply SuER 1345 R e By fattiser sl b Ak et g g sp
layer f3iide e@gefs' TR filRlrfAg df%l’l?crhe§%un@tﬁehh1re§ho$&) lvollta%)é‘:ﬁ a&%@«ed%ﬁl@&@é}% et al

| ayer 318, and an outer glass substrate 32 is about 60 | am' hick.
Si mil afadt,yqncrb laetivapede theshalistyrlaved sBBAd be lqywttmthﬁtlmeszlnotdﬁordnnemm hapent 332,

a fourth SPI er 334 nd 1 TO | ayer .33 The battery contact
e psimepesi A ettt tied e Saubine RS Y3 336 and & Yecond S Ox
| ayer [GGf)] WHeE.G $220k1sP @SR aadiﬂa%%g? ﬂ@laéliﬁvhﬁﬁl QeI deSdibintrIat 8 tB40.

[0046] The SPI, netal, ITO and l'ayers on either side of t he
el ect PEPaBD, VdTansoans. dhe BE2veliage éraahthab@t@ﬁry @2 high|valtrghsudiebledpipcizting

o do. aleosB R Yl PAD bt Gl ap ARy B2 5P ASRATLY bl B R2N e sl
about up.aDanmR. vdlﬂag@eﬁz&roat 2 Vetacah9 XXSJ:@I i&(hblelﬂ»@ dﬁhmgladldaayayaﬂal basea clettrébout

2 Mm x 2 mmor |ess, The ASICs 110 and 120
may b&ctys ¢lement Ths %@ége g 12%?@%@%&6 Q@b@termow Yyeespdicellgswitching

\é\girlf%gc 080&%# ESWOOI?% glé{)]aég rcF10047vg$ﬁgE%%s§%€m§gl%ggsnﬂ o Clr%% g1ed in or

af f i xedpdottonby tortneetogLilt acrrod;sem'eol(agm()urce IN@(aOhQJ$V$1tChﬁpt0mle¢tl tﬁmapacmn‘te die

i nl ay, corneal , Or o ant al.m evi ce t abl e
ot LA oy e Bt biogBtes e s TER) s fehh 1 8F ey vofl et fa or

i npl aniRdolltith&amoeri or chanber or posterior chanber of the eye, |nto t he
capsul ar sac, or the stroma of the cornea (simlar to a corneal inlay), or
into the epithelial layer of the corn (simlar to a corneal onlay), or

wi thin any anatom cal structure of thé eye. Wen inplanted, the first and
second ASICs 110, 120 may be di sposed out of the patient's line of sight,
e.g., inthe vicinity of the haptic/optic junction.




[0048] In cases where the inplantable ophthalmc device is an IO., the QL
may have at | east one static optical power provided by a curved surface
and/ or a wyoadadedmsdex profile. Such an I OL al so i ncl udegCanisedianuisos acti ve
el enent that acts as a dynamic aperture that, when actuated, alters the
patient's depth of field as described in U S. Patent No. 7,926,940 to Bl um
et al., which is incorporated herein by reference inits entirety.

Al ternatively, the inplantable ophthal mc device may be an 100, which has
little to no optical power, but also include a dynanic aperture t hat

provi qﬁﬁﬂge r"J:heclfLeCa%fjj is%, couﬁlgd ft(% g lmgrna (Ferl_'tg %HPl t ur traﬁéonv g}&'ﬂ@% 2%4(3

dynanlc a ures, opening serves

cont i Mk dseifiaRgenals Rt soajone so atl’fh@dgamﬁdclorzssﬂlaﬁprew@eg 4 edtreNe odags s of
t he ophthal m c | ens. Power_ Supplies f in Illustrative Ophthal m.c

Devi cé8 theobR6]1 24sarkior @aclab?&/én ORgigHian; f lsetAlAQ 1241 which hshosedh Ereair detron dr aw
el ect ryga or
b e e DS ol AR L 2 Plboq SR 1R A S B B 4B mo BBRE R shlee

Won, fom feoohsoEd§@by Icnmﬁzluﬁg the afidog exargidrenceasignat g@xe@ablbﬁthb dhhdrap 130
coupl nd s cond ASI Cs 110 .and OV|des ower. for the
AS| cﬁf@f@; &ﬁh“eh DR P ik o BaTrBEl: £ e S ST L Hokingon
recharfﬂ@@i%hehmﬁ{oﬁ{aheal}agv@td%{h'ecaﬁala%habewipkurémged for use in inplantable
opht hal m ¢ devi ces becduse that can be cycled nore 45,000 tines, which

coul d [004€hs |2t shovvo im Fl@ abltkee banidgap hlecloﬂ2520wmﬁle§/eaol$ageneﬁetﬁew¢ 602 thet i isopti c.

the othared i bRFEDERA Sl B Ve TBY veRe b e £ s b AN °°
20- 25 ¢ }6@@ allawelg e A DIChET4 tB3hiBleYand ¥l dHBe sofblcahedghD wMﬂerﬂhéMdgaﬁelbclbat tery
is no [onger operable. Alternatively, the other battery nay be

2011/ ]183%@P@W%Z@d_@ﬁ@@@89@@%]119@%(161@%1%‘8}16éief§1’€@%$lg@?érlﬁ mﬂemﬂeu@f td@ t he
contr %l {tgjé{gBTQ an%ﬁe 8%(V1ge ﬁ][%t ure to kgtlogﬁie%fco%%) gtegtgrﬁ%%on% to a%ngm}n%diﬁ

years. e or nDre sensitive ce asS Ssol ar ce S or

phot ovfigdens. The DS 12maytnsah1m @gltal%egilat dfvappd enbedeteatdd aBRDIMmERtvOr obvi ate
t he need for a battery. The ght - senS|t|ve cell is located out of the

user ' driggenéo e Pdi(ghd2. avrhlth@oe@éers thedigital shanal e anbeerHempiloginasnf t he
pupi | eﬁ)@ to'vv"’lll"bé( Bﬂbl mqgtrig%sd@a'iakﬁgﬁ%lﬁl&f"ih aN88k- ﬁfg kdbYe 1? til@'fn%gro?;r pp device

may thus be arge y using an eye-sa aser capabl energli zi ng the
| i ght -asédstetrmines thelabpprieelskiing [f@Qbd bledtrd-ectvatdlaradng, 140 Ibeseldioghhe digitsli ti ve

e Rl BB PSP 8PP (L0 52 1ER . A5y i

el ect nbgahd Wie'dcABtIFaY 3 PEH AR e GRINESGE clifnt PAREppE&irlatdip. t he ASI Cs. The
electrical wiring may pass through the pupil w thout touching the iris and

oper aﬂﬂ%%orﬁwmstatnoe,tthesanﬁm 0t rady éet@phtdhalemeon@eml siee, biiheo skdnge icel | may
be | ar ch,that | h electrical power obyj.at e
the nedtpied el BTk bl FERRITR FRERR R BRLLOTR ol W Ge Rl nor
conduqgb4 qigaﬁiers iphibfo¥urdéil frsRY thda¥@sof 15@fd@rt)aq@te Qrdigihil §ignd1ashdsb em ﬁﬂlﬁ@pr iate
tensile strength to hold the solar cell in place. In some con urations,

one orndigites hedpired slease phgedommardasion.{In spang eases, Hie ARColPHtmay frﬁll@: ifydker such
S A R
appropriate setting for the electro active element 140 from among pairs of accommodation
values and corresponding electro-active element settings stored in a look-up table in the memory
112. The PLC 122 drives the charge pump 121, which in turn drives the actuator 123, shown in
FIG. 6 as an H bridge circuit, to increase the optical power and/or depth of field by actuating the
electro-active element 140, which is shown as a capacitive load in FIG. 6. When the switches

680 and 686 are closed (and switches 682 and 684 are open) a positive voltage is applied across

9.



[0052] FIG 8 shows an alternative first ASIC 210, an alternative second
ASI C 220, and alternative power supply 230 suitable for use in the

opht hal mwodeuw/wwasodi scl osed herein, including the devi ®eTAB2010/0408PG. 1.
The first ASIC 210 includes a nenory 212 that stores actuation information
for the electro-active elenent (not shown), logic 213, an | ow dropout

vol tage regulator for the digital control section, and conponents 215 for
ot her peripheral functions. The second ASIC 220 includes control |ogic 222
(e.g., a PLC) and volatile nmenory 224. [0053] The first ASIC 210 al so
inclu onent nd charge 4-h [ I i

i ncl ugﬁe elfg C%Hg%cqwgrea H?ae%te epa%l 1"& *Da Cﬁ%rqgtgs%ﬂgi% H%%%glﬁlg%x%ggﬁstégrafﬁﬁevel
moni t(6I84,2thﬁ;,VO$tbQé\/\ﬂrb\Fbr@Ideater detail in FIG 9, nonitors the state of
charge of each battery 232, 234 in WD 2011/ 163080PCT/ US2011/ 040896 t he
pover [4UAbI 1630 shows BlAnaRd psiective outawpevisys et Y ustigisthqenmsiragtiopd an

I 4 t
bat t oro T oo it B O T LIRS, KBRTASHEL P gna HECRliRER 178, geq,
it tr ﬂgtgass&nﬂ)lfbam may be bmlbgdadedZﬂér affixodwo amingrlaastde opltat aith dsm dph&Gical 0. For
I th t. 216 t bat t h 214
Caon? s PR SN TP ot P abt T ok i iy 8T 4685 1
V. m%?ec%la'cti@é aqtentaha)zbatéhearsm qaRRE 984 Iﬁéltémalv‘éﬁhlhﬂledl §b&9\é@&%@ abaﬁwstoyil y by

an rf field, charges thé battery according to t | ot shown In FIG
Once tchetetzdtonghy optitat gpas oPth4 absmidy 3@)051tTéd ﬁxatl apamm: %Oladefﬁnesta liphteethien whi ch

it charges the nderc nt curre The st ant
cur o aPITER R TR 205 R L See PG e T B e it 1581 T A
t o abguls AR ehd Iiﬂst%d JecSRBASRT 110n&6 12D aretmsiﬁars@chaﬁ eligtckr l@ﬁ[%to@ e d@aehrsiva
pr edet er m ned end- of - charge vol t age, the batter)d/v charger 214 enters a

secondlopras &40 pndaandwiched Pta@g@ﬁimh@tt@wtd@w‘lbpg clow. IheiASM pedt magés e. g. ,

about to ab r i ned
end- ofp%g]ﬁgtredé’v 15ho a eélleétmntl% 7 a u%d{g*raggb o&tm%% I%%f%oe}alga()ut 1.8
V. Oneea.tihe Awlesi e1@rizo medlrﬁunﬁ@teetvap saen, othdfrenbaztrtcetrs )SPG; haegelispdid isdtopsh
charging the nowcharged battery to prevent overcharging. [0055] The

bat t erthe wIbalrges anshdravwpewar EAMIBRBRIGR ASR Viavdhajtery eoniast ke hhkenna 260, shown
in Fl G 04153[ ﬂ{‘%'a(l;&tt%%ﬁgé fRtctdl @ cBﬁ’tafngg 8%5& Evi hﬂ&édw& ner glass

rectifi ion circuit The antenna I nc ude one or nm ng
bl ockor phdtic mﬂ;stnateBOWand:hllowmlgdnjesr pla‘stwuubgtralaﬁﬁtlmmmpﬁﬁ()submqné 6@4 isn series

Capaci DI 368 AP e DT POF- oGS ADE <t bR BKHEEION R A ng

CapaC'ats@Eor%@Itlee%hPaaOh%@@to IRRE §86 'ariHur& RPI Ia NE SedoRd RIRMilfRr Beg t er
power flow froman external power supply to the rectification Circuit 211.

The t randan pytehlosksibstaate B20 adidhvanleait 60 raethadt Svatlaly, de ldesi substrato 39pisi ni ze

the rf t t field
R e A R TR R A SR
FI G Mtterg%bﬁﬁﬁﬁlﬁleal 30Gs yAldhadrd befweh@icognd N® higbt B0 £9 a23dond23d, As
shown in FIG 13, the power (battery contact) lines run along the sane side

of t hdayseddBevhieh indbinesedadiescnida asethereuier subsrdtaddist i on | oops. For more on
| nduct b(Y4F6 Chﬁ{e etﬁ?'ﬁ{ﬁ %d an'lié%e?'g) tﬂ\&’ md%%/ %%%15%&% a?c'ﬁtv% Hr?‘?e?isall'%’ Ice

for | duc ive aTglng 0 TronI‘¢
i ncor pes @ckdbhidri®i-ns hyn th&keatrﬁimaeh kuibstrh ieabdut 60 ){Lm thWB The entlre assembly

2011/ 163080PCT/ US2011/.040896 erati n? States of I|llustrative Hi gh Vol t age
and L&QD%@&O&{;% Q‘g}r@gmde and about 5.80 mm Tong. Each ASIC 110, 120 has an area of less

than about 3.5 mm?. In general, each ASIC 110, 120 should have an area of about 2 mm % 2 mm

or less, e.g., about 1.75 mm X 1.75 mm. The ASICs 110 and 120 may be different sizes, ¢.g., the

first ASIC 110 may be about 3.15 mm?, whereas the second ASIC 120 may be about 2.75 mm®.
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[ 0056] The first and second ASI Cs can have four main power conditions
corresponding to different device states, all of which are |listed below in
TABLE 1. whenittteaossystemis off, the | ow vol tage ASI C i #Cirusanummsoser ed

i dl e node, and the high-voltage ASICis in a sleep (shutdown) state. Under
normal |y operating conditions, e.g., when the user is going about his or
her day, the system operates in autononous therapeutic function node to
provi ded aut omati c accomrpdati on upon detection of accommopbdative responses.
The second ASIC switches to its operational node and the first ASIC renains
in idl de-,when e.fevi ce. i ting-ln autao u h utic
functﬂ@% ﬁgﬁfﬁﬁ%&ﬂ%é§§8M§gﬁ>a<%§3%§“gﬁ§$§§105% ﬁ%%’%%ﬁ#ﬁ%pggse W relessly
W th exticoRal opteadens, suindatinton tombalrgldy) oPstav it auihdnepmbdmihérvageut i ¢
function for the patient, Wen char%;ng and@groviding aut ononous

t her ap@ptangabie ephthiabmic deayices.isugh ant8e aewf { (helsFliGo 1amagRe drspeed gr implanted

L A : . EXtEPh S ol

ode. U HlerfRE B S Bh S B b M ARTRE e SRR shok U BRELAE PRO L
provi dhagpracst (o tis a thacapelay ), or intiethici opitheliah laghr effithe asmecd (ems@cond ASI C

shuts down to m ninm ze power consunption, In e case, the flLrst ASIC can
chang&°fsal A eOTor iR &MY BRI ICAL Chyye nghaieﬁaﬂg{ﬁmi Ei%t}tfﬂﬂﬁle@' figsf g (spi

vdd) tecdnldA SIS ANY, A8l raybAdigfbstdber FhPpHRhas lifd 6f idfce gl fn HECRAALAH C i's
in a power-down state, the first ASIC initiates a power-on of the second

AS| C dinchapticoptibgmichoer chi p data interface into a command recei ve state.

TABLE 1. . ASI.C Poweri ng, Condj tions w Vol t age. ASI .CHi gh-Vqol t a ASI vice
State [1}% (IH ﬁﬁwrhgﬁﬁ%gﬁml Wraf%(}sqp ﬁ%aanF d‘aﬁgﬁls an Igi, ghe Im; mag %ave at Icast
(unpowak e€)iSpptial heRAUBHABLBYE clRel sREitlcladdlor FUREcl At Rprémves iR anRDRNK
states inQOperationCharging or FIG 14)comunication in progress,

t her apatindndesfagredaciroracivnplicmgnt tag aptlas A1y HBOPOFIWSAbat] vbaoggeated, alters

the patient’s depth of ficld as described in U.S. Patent No. 7,926,940 to Blum et al., which is
incorporated herein by reference in its entirety. Alternatively, the implantable ophthalmic device
may be an 100, which has little to no optical power, but also include a dynamic aperture that
provides an increased depth of field. In some illustrative devices with dynamic apertures,
opening and closing the aperture serves to provide a continuous range of focus between the fixed

or static corrective powers of the ophthalmic lens.

Power Supplies for Use in llustrative Ophthalmic Devices

[0049] As noted above, the first ASIC 110 and second ASIC 120 draw electrical power from a
power supply, such as a solar cell, capacitor, or thin-film rechargeable battery like those
manufactured by Excellatron, Wyon, or Front Edge. In FIG. 1, for example, a rechargeable
battery 130 coupled to the first and second ASICs 110 and 120 provides power for the ASICs
110 and 120 and for the electro-active element 140. Thin-film rechargeable batteries are
particularly well-suited for use in implantable ophthalmic devices because that can be cycled
more 45,000 times, which could translate to a usable lifetime of 20-25 years in the lens or optic.
Two thin film rechargeable batteries may be used and may stacked one atop the other. In this
configuration, one of the batteries may be used for 20-25 years and the other battery may be
switched to when the first battery is no longer operable. Alternatively, the other battery may be

-11-



Low Vol t age ASI CHi gh- Vol tage ASI CDevice State RF powered (bl ank states

i nShut downChargi ng or FIG 14)comruni cation in progress, therapeutical
functi on wWo=atlessp0057] FIG 14 is a state diagram t hatCirlusesi o#ises t he
control logic interaction between an exenplary first (lowvoltage) ASIC and
an exenpl ary second (high-voltage) ASIC. The first ASIC may transition from
idle state to an operational state through application of an rf carrier
signal to an rf front-end resonant circuit in the ophthal m c device. For
exanple, the patient may use a renote control to actuate or upload new data
to the t hal.m c.deyice. Al ternativ the. patient .char he ..

opht haSWﬁ})%Bféedc]‘é\HycaeSl%& B %E%l&tﬂZﬁeucr?ﬁ%”ffoﬁE@%‘?‘Wé‘ﬁeﬂt@g%@“ re%ﬁttﬁee?’%lc

r esonaniensits $0HI0 ydaetsects an rf carrier signal, it sends a signal to a
control logic section block on the first ASIC. At the beginning of the

appl i d8930%n Qe ringee lighipepsitivg gcliso pashars splghrellss phpignolkieo e sy Bso brawar e
of wh f £l ;S | i f cat on . ar ttery
char griigy eor RSt g andtra AR ke B SR A et

det er ocaedvdue bhithe usar’ eliicest sightotithcaat, omg., podghaval tb dic reargircéfahgpmgl whele. At

t he sane. ting, | ocal nepor PR ot, sequence is [nitiated to
transfpéwlaﬁlﬁéllﬁtsaévéﬁ%ne&qgﬁtd%t @'ﬂ%@%ﬁﬁ%gew lﬂlﬂiét@isrbﬁc_h%{@i: Y8IreERl data
| at chege-sJBeAEr BiphBleWR¥ndr &kﬂﬁﬁﬁe Ii%htngeﬁéiﬁ%e EQl ortddfsrf tuning or control bits
for battery charging. [0059] 1f the |logic section block determnes that it

shoul d0@it] erAleconativielyc dtei lgght-nodejveicell mayherlodyeed indraba v cbasantorthe adrinenofni t h

the renote. control r,oces co nds fromthe renpte caontro nd.

1 or AR ee) B we Rty D REER AT ArTRoaS s pys i vae: Tagele2lisalVBireor ock
det er mhaiespetddd cdrinc&hRelbdlareidl 196 tHhAS WisNYhdBIE@ricaltwibaginhy fadtAizh tedir r ent
charging, then switches to constant voltage charging once the battery

r each@yp8 withedetpueliig 81 ldhardeporable Fomscidedes indentatbe ophthdrdededeamihb cat i on
or chargingi L i e i.ent r.emove te contr.ol or the
0 A s R O WG MG R SR
2011/ ¥6308pkald pév20 bipR¢0BRGhin clectrical wiring may not conduct electricity and may have
a form factor which has the appropriate tensile strength to hold the solar cell in place. In some
configurations, one or more small holes may be made in the iris by an ophthalmic laser such that

the thin electrical wiring connects the solar cell to the implantable ophthalmic device.

Recharging Batteries in Illustrative Ophthalmic Devices

[0052] FIG. 8 shows an alternative first ASIC 210, an alternative second ASIC 220, and
alternative power supply 230 suitable for use in the ophthalmic devices disclosed herein,
including the device 100 of FIG. 1. The first ASIC 210 includes a memory 212 that stores
actuation information for the electro-active element (not shown), logic 213, an low-dropout
voltage regulator for the digital control section, and components 215 for other peripheral
functions. The second ASIC 220 includes control logic 222 (e.g., a PLC) and volatile memory
224,

[0053] The first ASIC 210 also includes components to monitor and charge the power supply
230, which includes two separate rechargeable batteries 232 and 234. A battery level monitor
216, shown in greater detail in FIG. 9, monitors the state of charge of each battery 232, 234 in
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Exanpl es of El ectro-Active Elenments [0060] As used herein, the term

"electro-active elenent” refers to a device with an optical property that

i s alterabeonrgicaoshbuncti on of space and/or tine by the appliSc@tiognssef

el ectrical energy. The alterable optical property may be, for exanple,

optical power, which, for a lens, is the reciprocal of the focal |ength;

refractive index (retardance); optical transmttance (transm ssivity);

diffraction efficiency; aperture size, shape, or position; or any

conbi nation thereof. An electro-active elenent may be constructed fromtwo

substr s _and e 0- act i e we t he

subet 1o B8 TRRAY R0 PR A IG T B R SERSEor 2 b RS Wb

eIect&@ma@ﬁbgﬁmnﬁ@gkmﬁbnms cont ai ned mnthln t he substrates and cannot | eak
nore el ectrodes may be di sposed on each surface of the

or
S ubst d&?% OWBEN the briiory dPChEon Pt ) TBSR8 et D6 L8R 7 o2 b SPAFhar e

el ectr, l4i R eTols t I t he
R e R  a L)
For exmmﬂoe?.mvhmy tieggec thel leatbryatherggy 214 wappthieddttty voltegefalis belowact i ve

mat eri al way, o t he e] ectrode t he el active materia i ndex of

ref ra(P[f?d(?FPy th@ ugi ¢-8r 8puty! r?e? @90%%&%%&9&? ﬁ@t%bfliwé&?rﬁ LICEFS t he

el ect newardd m&&lvawtan i 9@1@1&1&@ thd @&kwa&%%dlﬂgt&hsmghmmhﬁ@ Tpedded
within or attached’to a surface of an optical elenment, such as a spherica

| ens, Qrueftlor batary dlaegr 204 ascetctlvaedi,eh@lterAlatfafstqdntasa/lelvyhlch hehagectheoact i ve

el ene be edded within or attached to a ce of tic which
ot ovi dBeTERsERLEIRE M adobtle hirefobBF ibtpbr el P dleihle Spt i . i n
such reR&Smidcdeacqe ol Abe@t 1206 L10emBit 1 6TRYA P& dbsﬂreqpoh@@dhe Qlﬁ&éfﬂlﬁurg&f ion

w th an aspheric optlcal el enent and/or a sgherlcal optical elenent, but
separ &@émdﬁa@%@e@dqﬁmnﬂed pashebehangs valsgedhabatigry pharges 244 shisrs &sesprd caI

el e”eg% andhar ht ‘81% rg&%{; e PR G ﬁ%éaev%‘%t%e, Theab uﬁz?ERPto AGLLVE g%} ot

may b focated f I're viewng eric op Pear ‘el erent

and/ orprédmrﬁlmarﬂn@@ IThe ptddekmalce @ﬁmbf@harg@vgbltwgte 1§p11©gfa1rﬂrﬂz€blé had ealy,bee. J. ,
near the tq@ | e or bottom portion of the lens or optic. The

el ect Phat-v Y te |aéwﬁrh8 MalPngrethe pedsteamaredtineq & rpsss, |th@\aﬁtteah0haff&er&m 5topy062]
FIG 1R Wae 8 I el whi ch incl udes an
elect%omgggiv% ﬁgﬁéﬂggﬁ%g%%Q(Yﬁ@Qé rm?"thwggcrystal materi al, sandw ched
bet wed®035ho Tipthataldy chatpst 2 bt may A20v povderGaductivilg vidMd rf antenna 260 shown in

2011/ 080PCT/ US2011/ 040896 cknes of the electro-acti terial 610
may b?é” ?g f Mé@cﬁcﬁsqpa Srgrenbo thﬁi?atéﬁ% CREePres &f %?HE AT éﬁl AR e
subst nah eI GRY 0APEr A3 MRYMAE b'fdb% baNtdhd bwhicRin@Rids Baifhg 8lpackstigd and
paral lel, or one substrate may have a surface relief diffractive pattern

and t lveupledér sesighwithdoth aayitdhel B andtadnad edphgitar o8t the sWiteh 2¢ibatd lanés 620 and

pover heBifY 2 T PRMIES BTN e Sl ichadeEic b8 Ry e il BB IS be

rigidoge, ﬂhl:@ésﬂ@é fhe 115?§Sdﬂﬂbé1fd/pr6bﬂb BeBsHppinea W hh @k @rrah éw@i%ugf?@% t@nd
silicon. npl ary exi bl e substrates include flexible p astic filns.

gener é@ctlftcml(?m@rcu@tﬂ:iét The wnmingdiacks gan be ptiyhted of dgraeévased 49 d@ﬁir%i ity f or
the el f t
e el AR YR LRI oy 50, 001, B b PRBEAAR! LB e 2re

t r ansparremtflosy acthe devdcQ28d tHratctificaviot escifinshaim &l G 12 claalrvegfscwmd vmatygdoe
di sposed on one of the substrates and one or nore |nd|V|duaIIééaddressable

opt i cdPY §ratgingdisdeteiicselddciHodeshesp ikl e, tiedevsetaryeatasBdigagrun

SUbST T g % &héféa‘hﬁb ﬁ&f&hﬁ Swééﬁ) adv%fd 3Rt o fHabRi 1031931%0n%}%)0ﬁ0r%&%§1€r of a
correspo I ng pil xe Int ectro-active eV|ce | ary pixels may
have a;nmdwtleaclmfrglagmab 0S 25ppligaRoreNohl 246 5HO A quitided “De‘tlceh fofindistut CQarlgigm

Al tern i xels bq rranged as c centric rin

et aRgEL e e Rak ey oRER MG A SR eLY FEEn G S B t he
electrodes 622 and 632 may al so forn1structures that diffract incident
light in a fixed pattern or manner. El ectrodes 622 and 632 may, for
exanpl e, conprise a transparent condui%lve oxi de, such as indiumtin oxide
(I'TO, or a conductive organic nateri such as

pol y( 3, 4- et hyl enedi oxyt hi ophene) pol y(styrenesul fonate) (PEDOT: PSS) or
carbon nano-tubes. The thickness of the optically transparent el ectrodes
may be, for exanple, less than 1 lam and is preferably less than 0.1 gm
One or nore of the electrodes 622 and 632 may be coated with an alignnent
| ayer (not shown), with the electro-active material 610 di sposed between
the alignment |ayers. [0064] Activating an el ectrode 632 of conbination of
electrodes 632 causes. respectlve subsectlons or plxels in the

- = ~rNN a2 o .
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WD 2011/ 163080PCT/ US2011/ 040896 transm ssive/ opaque or high index/|ow

i ndex), or include several discrete values (e.g., 30%transm ssive, 50%

t ransm sswoep118@36sor ansmi ssive, etc.). Sone el ectro-act iPCe/usatieniEshes,
including some liquid crystal materials, remain in active states for only
as long as they experience an applied voltage. O her el ectro-active
materials are bi-stable: applying a voltage causes themto switch from one
state to another, but no voltage is required to keep themin their current
state. Bi-stable electro-active materials are especially attractive for use

s TR SRl RGBS Goy i e

descri h al mc deV|c a.sensor to
descr i 2Ry A L BLLSL LS F%e 98] By R GRG0

f ocus doffleredthievReR&ES, ﬂﬁdfbﬁcﬁ@ﬁl@d%cb’beﬂ@zvm TABILUEE] . 8BBdrythe byt 64 61if,aRé | Y)
coupl ed to processor and nmay provide an indication of the object di stance
and/ odowupithgsASEC tsdn e anprveried ke mogpand dhsliehyaljagentbiGdis inasleed nor e

sensi d i ch
2 U B tte. LAHE By oPOARE [ARRork O o7 FHEE TRe™ SORLABGG 0 o
t hat ihsr azyotmysﬁnwmratémniad@mbmbos thhﬂlpblmfpj fantt@dal Iﬁo@qotlotﬁna‘hdﬁ:ctatdmam

Suitable light-sensitive. cells incl de, but are_not

|
phot od€tWrnBHationipgR detsrtion of acepmmo %%HJ& TEYPOPSES; Blllf‘e%ecmef{n ASH? W%&fs LHsitive
phot o Psﬂahénal%zﬁranametﬁ%{ gs&%ﬁm lﬁlla éi%wﬂé%ﬂéﬂ&ewé&% o aﬁmﬁgfn limted
to atilt swmtch a passi ve range- I nd 1 ng evi ce atine-o |Ig range
fi ndi ragtoaiemlouetheswpem;&efunctaumwe d'hyg idevicel edredsmbg clangedlamdlog cometuarcatea

t ch t ch | d
b ac IS S BT ER EHE co Bk GeBn Hottmeerdndiuvats ifigen ir o
pair Qhe SARGL Measohaagupgmidl prawa{f%ta%&mﬁﬁio%@m»fapeau@ﬁacﬁae@héﬂﬁamgﬁdI ce

connected to an ocul ar nuscl e or nerve, oOr t he . he sSensor may al so
i ncl udwitohgs torn gicenatly ¢r. o, iaHeditvely) @ewh@dus@éﬁ arsiythc éfmo(ld/ﬁlm IefpRins boites
adapted f ete a.tilt aof user head or .encycl ar ot at of the
ser SayBondlBEE) TA0eRide ety e bebull Rl a8 nRiaR VR GR Rlhan

phot opd@alaﬁg @ﬁtoabmawth\etabbut& ffuﬁetuﬁi fowhRehSagl tBe eton¥ AISIE3ks dbwaYo Each
focusing | ens may have a focal Iength apprgﬁ?ol ate for a specific d| st ance

f r om fHEINYZR poycigpasuppfione khpashase, HedEsthdlCocaathargihe stalesfdhaiagond used,
the Ti{gk @ he E@O m%nfuﬁﬁ Y v%n'élﬂ(shﬁ @8d f B FHe s%f GREA c Lﬁ%&{%ﬁén{hgj d£§ar

dlstance one u3|n ens roper ocuses for

i nter nmdrfmeelfdbsdm:élc ﬂﬂﬁiatpb@elt hmwd smwetﬁea‘ustnfgsm hozusian®we¥on of the

2011/ 163080PCT/ US2011/ 040896 | ens t at properly focuses for far distance. A
sum of SR RIERIdSCiyt %%»nﬁetr?mp A3 nfer %éat%cq&@%a%eﬁ@vwf@h array has the

hi ghest contrast ratio (and thus provides the best focus). The array with
the highest contrast rati@amg t-sIdRWERY ERddRIgr M ne the distance from
a user to an object the user is focusing on. [0067] Wen the sensor detects
changes in object distance, pupil size, and/or intensity, it sends a signal
to the préeessdiagariséh trlggersf@ﬂéVd@@aﬂﬁﬁkwlandlbwwdéaﬁflvatlon of the
el ectro- "-ii 5 e gptantabte L cdevic =xanpl e,
the sensor It uI&P&WG(I,? the int en2YO%P Ilght and c%lﬁllc fe this

|nfornatlQDLEQum@ﬁwﬁmgcessor | Opthdosensor det ect \dtdimausiser i s focusing
wi thin a near distance range, the processor may cause the el ectro-active

element to increase its optical power. If the sensdhcdpewicekFyngtient he user
is focusi r. dis ange, the pr y cause the

el ectro-ac |&€% {bd%?ﬁ?s&?@s ecregggr%| Ig opti cal povve@‘sgﬁ Ollp;r?ocessor may
have a delFay. f4at ure whi ch ensure that a change i ncombemgiatiyn of |ight is
not tenporary (i.e., lasts for nore than the delay of the delay. feature).
Thus, when a user blinks his or her eyes, the sizePHE'¢He %trﬁé?"t“t%]e will not
be changed since the delay of the delay circuit isglQag8%udd the time it
takes to blink. The delay may be | onger than approxllllnateF’u Qﬁ% seconds, and
is preferably 1.0 seconds or | onger.
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[ 0068] Sone configurations may allow for the sensor and/or processor to be
overridden by a manually operated renote switch. The renote switch may send
a signal W9 2208a163080f Wi r el ess conmuni cati on, acoustic c@CERIIS2TALIEBNG

vi brati on conmmuni cation, or |ight comuni cation such as, by way of exanple
only, infrared. By way of exanple only, should the sensor sense a dark
room such as a restaurant having dimlighting, the controller nay cause
the dynamic aperture to dilate to allow nore light to reach the retina.
However, this may inpact the user's ability to perform near distance tasks,
such as readi a w th smal). i nt . i nstangce user could
renotel y ggHTﬁgﬁgfﬁgﬂglectro-ac flgbéﬁgﬁéﬁgbof the%%ﬁ%Fgﬂﬁ%ble opht hal m ¢
devi ce toRFhangeed (bankptdt&ah poveitdewa/ or to increaserdidieodepth of field
and enhance the user's ability to read the nenu. Wen the near distance
task has &dapl®Bted, the user may remptely al |l ow t hEOBEREHAtIGhE control | er
to cause the electro-active elenent to revert back iLs i optica
power and/or depth of field settings. For nore on gh%%%%ﬂ%%%ﬁ&%%#fcal, and
mechani cal sensors, see WD 2011/ 163080PCT/ US2011/ 042866 dldalded Pat ent No.
7,926,940 to Blumet al., which is incorporated herein by reference inits
entirety. [0069] Alternatively, the sensor can include an el ectrochem cal

det ect, h [ N rat QR | , e.g.,
e R SICTOTL R SERL AL 8 PRSI, .0,

t he acsempidafiisv@owestegse\ 18] ad akresemplasy sdeenddigmoltat) X81C.0oop) i ncl udes
at | east ree jnvol untary.ocular responses:. ). ciliary nuscl.e

cont r QI ATIS) I IR FRT A0St PABAPSR PRSI e PETFIAn OhE Hases
dept h cafrick 9GHEDto aAROFTé R cnd PENARANERIt (d BLhRBaInIVAEHENRBLEsBIENasUl ar
fusion at the object plane for maxi mum bi nocul ar summati on and best

st er e@gtOPineEaISS dapmoteBontioltth @ctwptcioguploat sewvalatirid thawphithalmiosgsivioget er are
snoot scl e ose _r.el axation, an ntraction.is requlated by an ion
channe REL R MERRE e Bt InEPhFARH BEHCH FebEREtLR mgnosi un

zi nc, [085HNYWaEheE rSitbhtaddldecdontnt RGN daRctd @t eNaPdatdipMal inRulisesigcaalses t he

ciliary muscle and/or the iris sphincter relax and/or contract, the ion
concerPirEelilegic sertiondlodspnctha fife ASdRantds beginaing @ theapplipgtfoarad ap Rdi figlhat can
be me ! i i i cal

of gnaty Sopot ket GoRbPRREP R i HE P Giiher M EHABH beinPihyfloathy
acconmoohatinv@tibn hgdfer Sat@ndclmegiagre bode@hblldgic fpndn btk ohcde thelr?5i4hMA,t838 t o
Qupta et al., eq;itled "Sensor, for Detecting %ﬁconnoda ive Trigger" and

fi 1 ed dsiermineyvhether sopger Gmmepnicaion RRARIPA ey HRTEHSAIC: PG BAESTHR 4 t 5
entirgqbohy n{e%gﬂEﬂI&)M?%%Qpéeggexﬁié‘%hit{%&éd% tﬁhsﬂgﬂ ﬂ(l)l??%lé@én't }f&tﬁﬁmgﬁaﬁﬁéé has

been presented for purposes lustration an escription. I's not

i nt endedh¢ HrsbASEX halestli daga latchbs. ihtserlgtswnayhincledpeon bite farlike gitewnger f or m

di scl osed,..an qggifi ati.ons and variations are possible in light of the

abovecpgﬁgﬂ?ﬁggr teﬁ’bﬁjmﬁﬁn%thuired from practice of the disclosed

enbOdWﬂ@ﬂﬂSJfﬂklgéc@&ﬁﬁﬁ¢ﬁﬂk&ﬁ&hnhﬁ§ﬂ%@ﬂﬁﬁo@ﬁehﬁ@c@%%@ﬁkm@ﬂlQ@d@@i&ﬂ@ﬂ by
e

the clai ns appended hereto and their equival ents.

2011/ P6308CFETHUSROICE 04 HBHBhWSATOL S IBIOAI NEITsseS:command friompghea raredst e
opht h%lo{l@rgl, Qnedvsltgr%s/%e?HPVrels i f08hation from local memory. If the logic section block

determines that it should enter charging mode, it begins constant current charging, then switches
to constant voltage charging once the battery reaches a predetermined charge level as described
above. Once communication or charging is finished, the patient removes the remote control or

the charging unit, and the first ASIC returns to its idle state.
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a high-voltage application-specific integrated circuit (ASIC) configured to
actuate an electro-active elenent at a first voltage; and a

| ow vol t e 288l163@per abl y coupl ed to the hi gh-voltage ABCTUsad10a08Pé gur ed
to (i) regulate the high-voltage ASIC and (ii) operate at a second voltage
| ower than the first voltage. 2. The inplantable ophthal mc device of
claim1 wherein the lowvoltage ASICis configured to regulate the

hi gh-vol tage ASI C by causing the high-voltage ASIC to transition from an
idle state to an operational state. 3. The inplantable ophthal mc device
of claim1l wherein the first voltage is about 5 volts or less and the
second voltage is about 5 volts to about 11 volts. 4. The inplantable
opht hal m ¢ device of claim1l further conprising: a power supply

conf i dxaathléofHipathy-Axtive @émémtsat | east one of the high-voltage and

| ow-vol tage ASICs at a power supply voltage equal to or less than the
seconqoosd] t ageused herelil) ehd toiph asitakd-gctiopidhadnti @faew £écvide witlhmogticaher ei n

t he hi gh-voltage ASIC includes a charge punp to transformthe power supply
vol t agEoncgyttha 1¢ plfesabl as & Bupstion gf sprppandiey tine bnthe apphcatian of glegdigrlce of
claim r L.si.ng: ] L.gur, rent

1 ow FoRTT hRPIIERIPOMEA foparty pay Be b LERAC VN (B ck BBAT TS BHLEE S, na
f rom ttherckipreocabdf thg éocABle@gtharediractive index (reramtanos); emel trdlsodtkanconf i gured to

reset the high-vol. e ASL.C.in response to actuation of the sw tch.
(transtSs%blty\S; Al%f?agctlon e% 1c1ency, apePture s?ze, shape, or position; or any com‘%na&on

thereof. An electro-active element may be constructed from two substrates and an electro-active
material disposed between the two substrates. The substrates may be shaped and sized to ensure
that the electro-active material is contained within the substrates and cannot leak out. One or
more clectrodes may be disposed on each surface of the substrates that is in contact with the
electro-active material. When electrical energy is applied to the electro-active material by way of
the electrodes, the electro-active material’s optical property may be altered. For example, when
electrical energy is applied to the electro-active material by way of the electrodes, the electro-
active material’s index of refraction may be altered, thereby changing the optical power of the
electro-active element.

[0061] The clectro-active element may be embedded within or attached to a surface of an
optical element, such as a spherical lens, to form an electro-active lens. Alternatively, the electro-
active element may be embedded within or attached to a surface of an optic which provides
substantially no optical power to form an electro-active optic. In such a case, the electro-active
element may be in optical communication with an aspheric optical element and/or a spherical
optical element, but separated or spaced apart from or not integral with the aspheric optical
element and/or the spherical optical element. The electro-active element may be located in the
entire viewing area of the aspheric optical element and/or the spherical optical element or in just
a portion thereof, ¢.g., near the top, middle or bottom portion of the lens or optic. The electro-
active element may be capable of focusing light on its own.

[0062] FIG. 15 shows an clectro-active element 600, which includes an electro-active material

610, such as liquid crystal material, sandwiched between two optical substrates 620 and 630. The
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7. The inplantabl e ophthal m c device of claim4 wherein the power supply

I ncl udes a battery and further conprising a battery charger operably

coupl ed twotha/tsaisvery and configured to charge the bat PeTyuS201M¥40896

2011/ 163080PCT/ US2011/ 040896 8. The i npl antabl e ophthal m c device of claim?7

further conprising: a radio-frequency (rf) antenna operably coupl ed
to the battery charging and configured to couple rf energy to the battery
char ger; a resonating capacitor in series with the rf antenna to

provi de an inpedance for altering power transfer characteristics of the rf

ant enng and, At UL LoGL LRHIE [SSRNALLAG.GRPBE! L0 9 THE L pRkangb! e
e or ¢C E} \Maﬁ 3{ e ebaf: el’{j C

opht hal'mc devi ¢ alm erein arger is co |gur¥d to
char geeds igankmiieTle Qibstrited 6DN@1dB300niNe: hidbtagfisllyaflatand padtiantureed sent unti |

t he batt%ry reach%§ a predeterm ned vol t age; and
parallel, or one substrate may have a surface relief diffractive pattern and the other substrate may
be substantially smooth. The substrates 620 and 630 may provide an optical power or the
substrates may have no optical power. Each substrate may have a thickness of 200 um or less
and may be rigid or flexible. Exemplary rigid substrate materials include glass and silicon.
Exemplary flexible substrates include flexible plastic films. In general, thinner substrates allows
for a higher degree of flexibility for the electro-active element, which may be important for
devices that are inserted or implanted into the eye.
[0063] A continuous optically transparent electrode 622 that provides for an electrical ground
may be disposed on one of the substrates and one or more individually addressable optically
transparent electrodes 632 may be disposed on the second substrate. Each electrode 632 defines
the size, shape, and/or diameter of a corresponding pixel 642 in the electro-active device.
Exemplary pixels may have an area of about 0.25 um? each with a pixel pitch of about 0.5 um.
Alternatively, pixels may be arranged as concentric rings, arcs, rectangles, or any combination of
suitable shapes. One or more of the electrodes 622 and 632 may also form structures that diffract
incident light in a fixed pattern or manner. Electrodes 622 and 632 may, for example, comprise a
transparent conductive oxide, such as indium tin oxide (ITO), or a conductive organic material,
such as poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate) (PEDOT:PSS) or carbon nano-
tubes. The thickness of the optically transparent electrodes may be, for example, less than 1 um,
and is preferably less than 0.1 um. One or more of the electrodes 622 and 632 may be coated
with an alignment layer (not shown), with the electro-active material 610 disposed between the
alignment layers.
[0064] Activating an electrode 632 of combination of electrodes 632 causes respective
subsections, or pixels, in the electro-active element 600 to change state. For instance, one or
more pixels in the electro-active device may have a transmissivity that varies from about 30% to
about 99% in response to an applied voltage. Alternatively, or in addition, one or more pixels in
the electro-active device may have a refractive index that varies by up to about 0.1 in response to

an applied voltage. The pixel states may be continuous (analog), binary (e.g.,
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(i1) charging the battery at a constant voltage for a predetermned tine
after the battery reaches the predeterm ned voltage. 10. The i npl antabl e

opht hal mwodeu/eaosef cl aim 9 wherein the constant curremrCTitGs2@hbowisod20 | LI A
to about 180 ILIA 11.The inplantable ophthal mc device of claim9 wherein
the predeterm ned voltage is about 1.6 V to about 1.8 V. 12. The inpl antabl e
opht hal m ¢ device of claim4 wherein the power supply includes a solar

cell. 13.The inplantabl e ophthal m c device of claim1 wherein at |east one
of the high-voltage and IOMFvoItage ASI Cs includes a nonvolatile menory

conf i gruangrg sglv?/%éfareu% or ﬁ%%&:lr x/l% 11186 aCtlH@l VEI‘ \Aﬂﬁcr%getvra? e% 8 ?O‘%l ement .

14. The JeVi'@ one of the
hi gh- \tﬁhﬁrﬁﬁﬁve, 50% transrmsswe, 80% transrmsswe, etc.). Some electro-active rnaterlals,

including some liquid crystal materials, remain in active states for only as long as they
experience an applied voltage. Other electro-active materials are bi-stable: applying a voltage
causes them to switch from one state to another, but no voltage is required to keep them in their
current state. Bi-stable electro-active materials are especially attractive for use in implantable

ophthalmic device because they consume power only when being switched.

Examples of Sensors for Use in Ophthalmic Device

[0065] As described above, an illustrative ophthalmic devices may include a sensor to measure
or infer the distance to the object(s) that the user is trying to focus on. The sensor may be
operably (e.g., wirelessly or electrically) coupled to processor and may provide an indication of
the object distance and/or pupil size to the processor. The sensor may include one or more
sensing elements, such as a range finder for detecting a distance to which a user is trying to focus
and/or a light-sensitive cell for detecting light that is ambient and/or incident to the implantable
ophthalmic device. Suitable light-sensitive cells include, but are not limited to photodetectors,
photovoltaic cells, and ultraviolet- or infrared-sensitive photo cells. Other suitable sensing
elements include, but are not limited to a tilt switch, a passive range-finding device, a time-of-
flight range finding device, an eye tracker, a view detector, an accelerometer, a proximity switch,
a physical switch, a manual override control, a capacitive switch that switches when a user
touches the nose bridge of a pair of spectacles, a pupil diameter detector, a bio-feed back device
connected to an ocular muscle or nerve, or the like. The sensor may also include one or more
micro electro mechanical system (MEMS) gyroscopes adapted for detecting a tilt of the user's
head or encyclorotation of the user's eye.

[0066] An illustrative sensor may include two or more photo-detector arrays with a focusing
lens placed over each array. Each focusing lens may have a focal length appropriate for a
specific distance from the user's eye. For example, three photo-detector arrays may be used, the
first one having a focusing lens that properly focuses for near distance, the second one having a

focusing lens that properly focuses for intermediate distance, and the third one having a focusing
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and | owvol tage ASICs includes a programmable |logic controller to determ ne
an actuation state of the electro-active el enent based on an acconmodati on
si gnal raepoesanteaisive of an acconmodati ve response of aPpatuseo/ogoseye. WO
2011/ 163080PCT/ US2011/ 040896 15. The i npl ant abl e opht hal m ¢ devi ce of
claim 14 wherein at | east one of the high-voltage and | ow vol tage ASI Cs

I ncl udes an anal og-to-digital converter (ADC) configured to convert an
anal og signal froma sensor into the accomodation signal. 16. The

i mpl ant abl e opht hal m ¢ device of claim215 wherein at | east one of the

hi gh-vyol t nd | Qwvolt age,. ASI further.incl S . ndgap. bl ock
cont 1 draB Pat R PR Y BRI ARy ol S B AP R BRI Rs ) 8501
t enperdateuineartclaaPOmess thepighsst voltiao@tid GartdtBudovided the bERefotuspl Bt aablye
ophthalm ¢ device of claim1l wherein at |east one of the high-voltage and

| ow voYithaile higbpeteontast satiogng thupbe aisdue dotermingthg distangsy frei@ wseifpdph of
about 2. r : The i npl antabl e ophthal mc device of claim1l
wherefﬁlt ggﬁ?%ﬁ§§ngé & and | ow-voltage ASICs are hernetically seal ed. 19.
A et Hoeb70f Wher thtisaggoadeteetp blzmigabine bjqei tiiseanog, pupie vize,eandidneéntomedityod sends

conprising; actuating an. electro-actjive elenent at. a.first voltage. supplied
by a K Sg%-%m fgaa@cs&%r WB&?it%%g%@eiaﬁﬁl@%ﬂﬁ@@@@é@@&ﬂ&%@@mftth@( egtesractiyfy

regul idnnigit th@ic MheRaMBlt AUtafplc GeWct IFR ck MMHMOIE 3GRoARKE dERBLhORREARNGS at a
second voltage |lower than the first voltage. 20. The nethod of claim 19
r egul af liglt andecohinginicatd thasgefokSkton recthe dawessaudf thg seiver Hitgdts that & agpe IASI C t o

trans ifgciu%{}lgfvgi i %rrlleglrdcligtaﬁcte%ggget, ale%r%oc()e@s%}%gaiyocgﬁée tﬁg %fe(cafro-active element to
increase its optical power. If the sensor detects that the user is focusing beyond the near distance
range, the processor may cause the electro-active element to decrease its optical power. The
processor may have a delay feature which ensure that a change in intensity of light is not
temporary (i.c., lasts for more than the delay of the delay feature). Thus, when a user blinks his
or her eyes, the size of the aperture will not be changed since the delay of the delay circuit is
longer than the time it takes to blink. The delay may be longer than approximately 0.0 seconds,
and is preferably 1.0 seconds or longer.
[0068] Some configurations may allow for the sensor and/or processor to be overridden by a
manually operated remote switch. The remote switch may send a signal by means of wireless
communication, acoustic communication, vibration communication, or light communication
such as, by way of example only, infrared. By way of example only, should the sensor sense a
dark room, such as a restaurant having dim lighting, the controller may cause the dynamic
aperture to dilate to allow more light to reach the retina. However, this may impact the user's
ability to perform near distance tasks, such as reading a menu with small print. For instance, the
user could remotely control the electro-active element of the implantable ophthalmic device to
change the optical power and/or to increase the depth of field and enhance the user's ability to
read the menu. When the near distance task has completed, the user may remotely allow the
sensor and controller to cause the electro-active element to revert back to its previous optical

power and/or depth of field settings. For more on electrical, optical, and mechanical sensors, see
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21. The nethod of claim 19 wherein the first voltage is about 5 volts or

| ess and the second voltage is about 5 volts to about 11 volts. 22. The
met hod ofwol2aime3@®of urt her conpri si ng: suppl yi ng @orrusne11fonasns a power
supply to at |east one of the high-voltage and | owvoltage ASICs at a power
supply voltage equal to or less than the second voltage. 23. The nethod of
claim22 further conprising: transform ng the power supply voltage to the
first voltage. WD 2011/ 163080PCT/ US2011/040896 24. The net hod of claim 22
further conpri sing: actuating a switch to enable current flow from

(e PR SUBLY g DAl Bl A SR SRR R ORE (o e

act uatehoretpf the switch. 25. The nethod of claim 22 wherein the power supply

i ncludes a battery. ) ) .
[0069] Alternatively, the sensor can include an electrochemical detector that monitors the
changes in ion concentration in the eye, e.g., in the ocular cytosolic fluid. As understood by those
skilled in the art, the accommodative response (also known as the accommodative loop) includes
at least three involuntary ocular responses: (1) ciliary muscle contraction, (2) iris sphincter
contraction (pupil constriction increases depth of focus), and (3) convergence (looking inward
enables binocular fusion at the object plane for maximum binocular summation and best
stereoscopic vision). Both the ciliary muscle and the iris sphincter are smooth muscles whose
relaxation and contraction is regulated by an ion channel that carries calcium, sodium, potassium,
phosphate, magnesium, zinc, or any other suitable ion. When an accommodative impulse causes
the ciliary muscle and/or the iris sphincter relax and/or contract, the ion concentration in the ion
channel changes by amount or differential that can be measured by the electrochemical detector,
which emits an electrical signal in response to the change in ion concentration. For more on
accommodative triggers and sensors, see U.S. Application No. 12/496,838 to Gupta et al.,
entitled “Sensor for Detecting Accommodative Trigger” and filed on July 2,. 2009, which is
incorporated herein by reference in its entirety.
[0070] The foregoing description of illustrative embodiments has been presented for purposes
of illustration and of description. It is not intended to be exhaustive or limiting with respect to
the precise form disclosed, and modifications and variations are possible in light of the above

teachings or may be acquired from practice of the disclosed embodiments. It is intended that the

scope of the invention be defined by the claims appended hereto and their equivalents.
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26. The nmethod of claim 25 further conprising: inductively coupling

radi o-frequency energy to a battery charger operably coupled to the
battery. Wd.20he@6a0hod of claim 25 further conprising: @CY/ush@ngiosget he
battery at a constant current until the battery reaches a predeterm ned
voltage; and (ii) charging the battery at a constant voltage for a
predetermned tine after the battery reaches the predeterm ned voltage.

28. The net hod of claim 27 wherein the constant current is about 120 ILIA to
about 180 ILIA 29.The nethod of claim 27 wherein the predeterm ned voltage
I's about 1.6 V to about 1.8 V. 30. The nethod of claim 22 wherein the power

S“pplXN&ﬂ@fﬁgﬁﬁAﬁhiﬁbﬁﬁzcell and further conprising:

1. An implantable ophthalmic device comprising:

a high-voltage application-specific integrated circuit (ASIC) configured to actuate an
electro-active element at a first voltage; and

a low-voltage ASIC operably coupled to the high-voltage ASIC and configured to (i)
regulate the high-voltage ASIC and (ii) operate at a second voltage lower than the first voltage.

2. The implantable ophthalmic device of claim 1 wherein the low-voltage ASIC is
configured to regulate the high-voltage ASIC by causing the high-voltage ASIC to transition

from an idle state to an operational state.

3. The implantable ophthalmic device of claim 1 wherein the first voltage is about 5 volts or

less and the second voltage is about 5 volts to about 11 volts.

4. The implantable ophthalmic device of claim 1 further comprising:
a power supply configured to supply current to at least one of the high-voltage and low-

voltage ASICs at a power supply voltage equal to or less than the second voltage.

5. The implantable ophthalmic device of claim 4 wherein the high-voltage ASIC includes a

charge pump to transform the power supply voltage to the first voltage.

6. The implantable ophthalmic device of claim 4 further comprising:

a switch configured to enable current flow from the power supply to the high-voltage
ASIC in response to a signal from the low-voltage ASIC; and

a power-on reset block configured to reset the high-voltage ASIC in response to actuation

of the switch.

7. The implantable ophthalmic device of claim 4 wherein the power supply includes a
battery and further comprising a battery charger operably coupled to the battery and configured
to charge the battery.
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generating the current with the solar cell. 31. The nethod of claim19
further conprising: storing information for actuating the el ectro-active

el ement . 8Q.20@e6dwvhod of claim 19 further conprising: PCT/US2@ie0&089% ni ng an
actuation state of the electro-active el enent based on an acconmpdati on
signal representative of an accommodative response of a patient's eye.

33. The nmethod of claim 32 further conprising: WO

2011/ 163080PCT/ US2011/ 040896 converting an anal og signal froma sensor into
t he acconmodation signal. 34. The nmethod of claim 33 further conprising:

8. The implantable ophthalmic device of claim 7 further comprising:

a radio-frequency (rf) antenna operably coupled to the battery charging and configured to
couple rf energy to the battery charger;

a resonating capacitor in series with the rf antenna to provide an impedance for altering
power transfer characteristics of the rf antenna; and

a tuner to trim the resonating capacitor.

9. The implantable ophthalmic device of claim 7 wherein the battery charger is configured
to charge the battery by:
(1) charging the battery at a constant current until the battery reaches a predetermined
voltage; and
(i1) charging the battery at a constant voltage for a predetermined time after the

battery reaches the predetermined voltage.

10.  The implantable ophthalmic device of claim 9 wherein the constant current is about 120

LA to about 180 pA.

11.  The implantable ophthalmic device of claim 9 wherein the predetermined voltage is about

1.6 V to about 1.8 V.

12.  The implantable ophthalmic device of claim 4 wherein the power supply includes a solar
cell.
13.  The implantable ophthalmic device of claim 1 wherein at least one of the high-voltage

and low-voltage ASICs includes a nonvolatile memory configured to store information for

actuating the electro-active element.

14.  The implantable ophthalmic device of claim 1 wherein at least one of the high-voltage
and low-voltage ASICs includes a programmable logic controller to determine an actuation state
of the electro-active element based on an accommodation signal representative of an

accommodative response of a patient’s eye.
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Generating the analog signal with the sensor in response to detection of

t he accommodative. 35. The nethod of claim19 wherein at | east one of the
hi gh- vol twigeoand3dsow- vol t age ASI Cs has a | ength of aboutCZ/useeiof4dsees or
and a width of about 2 mmor less. 36. The nethod of claim 19 wherein the
hi gh-vol tage and | owvoltage ASICs are hernetically sealed. 37. An

I npl ant abl e opht hal m ¢ device conprising: a power supply configured to
supply current at a first voltage; a charge punp operably coupled to
t he power supply and configured to transformthe first voltage to a second

voltage th I r er.t:han. the. first .valt .an [ for, agiuating
an o aat r o eimg B Bl tenthRe ics o i) Sun RGP VAP Bl B BdRt e
bat t erayid davd-veRadel ASKBAndlod@haragelophe-didtal ednyertéet (ADCdvsifigiicd ¢l EsBREt annt i |

the battery reaches a predeterm ned voltage; and at a constant voltage for
a pr edgtleg signaldrem gecrdor arto thearcpMeAstignedgRbs t he predet erni ned vol t age.
16.  The implantable ophthalmic device of claim 15 wherein at least one of the high-voltage

and low-voltage ASICs further includes a bandgap block configured to provide a reference

voltage that is independent of both temperature and a power supply voltage to the ADC.

17.  The implantable ophthalmic device of claim 1 wherein at least one of the high-voltage

and low-voltage ASICs has a length of about 2 mm or less or and a width of about 2 mm or less.

18. The implantable ophthalmic device of claim 1 wherein the high-voltage and low-voltage

ASICs are hermetically sealed.

19. A method of operating an implantable ophthalmic device, the method comprising:
actuating an electro-active element at a first voltage supplied by a high-voltage
application-specific integrated circuit (ASIC); and
regulating the high-voltage ASIC with a low-voltage ASIC that operates at a second

voltage lower than the first voltage.

20.  The method of claim 19 regulating the high-voltage ASIC includes causing the high-

voltage ASIC to transition from an idle state to an operational state.

21.  The method of claim 19 wherein the first voltage is about 5 volts or less and the second

voltage is about 5 volts to about 11 volts.

22. The method of claim 19 further comprising:
supplying current from a power supply to at least one of the high-voltage and low-voltage

ASICs at a power supply voltage equal to or less than the second voltage.

23. The method of claim 22 further comprising:

transforming the power supply voltage to the first voltage.
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24. The method of claim 22 further comprising:
actuating a switch to enable current flow from the power supply to the high-voltage ASIC
in response to a signal from the low-voltage ASIC; and

resetting the high-voltage ASIC in response to actuation of the switch.
25.  The method of claim 22 wherein the power supply includes a battery.

26. The method of claim 25 further comprising:
inductively coupling radio-frequency energy to a battery charger operably coupled to the

battery.

27. The method of claim 25 further comprising:
(1) charging the battery at a constant current until the battery reaches a predetermined
voltage; and
(i1) charging the battery at a constant voltage for a predetermined time after the

battery reaches the predetermined voltage.
28. The method of claim 27 wherein the constant current is about 120 uA to about 180 pA.
29.  The method of claim 27 wherein the predetermined voltage is about 1.6 V to about 1.8 V.

30.  The method of claim 22 wherein the power supply includes a solar cell and further
comprising:

generating the current with the solar cell.

31. The method of claim 19 further comprising:

storing information for actuating the electro-active element.

32. The method of claim 19 further comprising:
determining an actuation state of the electro-active element based on an accommodation

signal representative of an accommodative response of a patient’s eye.

33.  The method of claim 32 further comprising:
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converting an analog signal from a sensor into the accommodation signal.

34.  The method of claim 33 further comprising:
Generating the analog signal with the sensor in response to detection of the

accommodative.

35.  The method of claim 19 wherein at least one of the high-voltage and low-voltage ASICs

has a length of about 2 mm or less or and a width of about 2 mm or less.

36.  The method of claim 19 wherein the high-voltage and low-voltage ASICs are

hermetically sealed.

37.  An implantable ophthalmic device comprising:

a power supply configured to supply current at a first voltage;

a charge pump operably coupled to the power supply and configured to transform the first
voltage to a second voltage that is greater than the first voltage and suitable for actuating an
clectro-active element; and

a battery charger operably coupled to the battery and configured to charge the battery:

(1) at a constant current until the battery reaches a predetermined voltage; and

(i1) at a constant voltage for a predetermined time after the battery reaches the

predetermined voltage.
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