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BACKGROUND OF THE INVENTION

10 1. Field of the Invention

The present invention relates to a variable-optic powered or electronic
ophthalmic lens, and more particularly to electronic circuits for powering a
variable-optic electronic ophthaimic lens.
15
2. Discussion of the Related Art

As electronic devices continue to be miniaturized, it is becoming

increasingly more likely to create wearable or embeddable microelectronic

20 devices for a variety of uses. Such uses may include monitoring aspects of
body chemistry, administering controlled dosages of medications or
therapeutic agents via various mechanisms, including automatically, in
response to measurements, or in response to external control signals, and
augmenting the performance of organs or tissues. Examples of such devices

25 include glucose infusion pumps, pacemakers, defibrillators, ventricular assist
devices and neurostimulators. A new, particularly useful field of application is
in ophthalmic wearable lenses and contact lenses. For example, a wearable
lens may incorporate a lens assembly having an electronically adjustable
focus to augment or enhance performance of the eye. In another exampile,

30 either with or without adjustable focus, a wearable contact lens may

incorporate electronic sensors to detect concentrations of particular chemicals



devi ces and neurostinulators. A new, particularly useful field of
application is in ophthal mc wearable | enses and contact |enses. For
exanpl e, a wearable lens may incorporate a | ens assenbly having an
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Conventional contact lenses are polymeric structures with specific
shapes to correct various vision problems as briefly set forth above. To
achieve enhanced functionality, various circuits and components have to be
integrated into these polymeric structures. For example, control circuits,

20 microprocessors, communication devices, power supplies, sensors, actuators,
light emitting diodes, and miniature antennas may be integrated into contact
lenses via custom built optoelectronic components to not only correct vision,
but to enhance vision as well as provide additional functionality as is explained
herein. Electronic and/or powered contract lenses may be designed to

25 provide enhanced vision via zoom-in and zoom-out capabilities or just simply
modifying the refractive capabilities of the lenses. Electronic and/or powered
contact lenses may be designed to enhance color and resolution, to display
textural information, to translate speech into captions in real time, to offer
visual cues from a navigation system, to provide image processing and

30 internet access. The lenses may be designed to allow the wearer to see in
low light conditions. The properly designed electronics and/or arrangement of
electronics on lenses may allow for projecting an image onto the retina, for

example, without a variable focus optic lens, provide novelty image displays
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integrated into these polyneric structures. For exanple, control
circuits, 20m croprocessors, comuni cation devices, power supplies,
sensors, actuators, light emtting diodes, and m ni ature antennas may
be integrated into contact | enses via custombuilt optoelectronic
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bl i nk pat t elnggrporation of extra components on a piece of optical grade polymer. In
general, it is difficult to manufacture such components directly on the lens for
20 a number of reasons, as well as mounting and interconnecting planar devices
on a non-planar surface. It is also difficult to manufacture to scale. The
components to be placed on or in the lens need to be miniaturized and
integrated onto just 1.5 square centimeters of a transparent polymer while
protecting the components from the liquid environment on the eye. Itis also
25 difficuit to make a contact lens comfortable and safe for the wearer with the

added thickness of additional components.

Given the area and volume constraints of an ophthalmic device such as
a contact lens, and the environment in which it is to be utilized, the physical
30 realization of the device must overcome a number of problems, including
mounting and interconnecting a number of electronic components on a non-

planar surface, the bulk of which comprises optic plastic. Accordingly, there



15 The proper conbination of devices could yield potentially
unlimted functionality; however, there are a nunber of difficulties
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char ge 5 af oéhenmphéhalinie devicesdinnougy staticoptos. fearsample, spectacle Ienses
or contact lenses to treat myopia (nearsightedness) comprise lenses with
spherical power to correct focus onto the retina caused by defects in the
cornea and/or lens. Bifocal corrective lenses may contain an inset lens of a
different power than the main lens. More advanced designs use gradient, zone,
20  or other schemes to vary corrective power over the lens. However, because
these lenses are optically static, they do not match the human eye’s natural
response which is a variable-focus action accomplished by varying the optical
power of the eye’s crystalline lens. In presbyopic individuals, the eye’s natural
ability to accommodate with different focal lengths is greatly reduced leading to
25 aloss of function and annoyance. Recent advancements in the field have
included spectacle lenses and even |0OL’'s with some dynamic accommodation,
for example, electronic spectacle lenses or IOL's connected to the eye’s
zonules to achieve a limited amount of optical power change. These existing
systems are [imited by only covering a small range of add power, perhaps only
30  +1 diopter, requiring spectacle lenses to be worn, requiring surgery to implant

an I0L, and other drawbacks.



Vision correction, and potentially vision enhancenent, is typically
achi eved in spectacle | enses, contact |enses, intraocular |enses
(10L's) and 15ot her ophthal m ¢ devices through static optics. For
exanpl e, spectacle |enses or contact |lenses to treat myopia
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are known in er | essen a voltage
and current conversion device, simlar in pri I’ICI pal to that of an
el ectric transf ?_r mer, with %mat ched r|]or| mary-1o-secondary rati os.
Wier eas a ens drivers which are presently avallable have many disadvantages
25  which make them unsuitable for use in ophthalmic devices such as contact
lenses and IOL’s. Current consumption of typical lens drivers is on the order of
approximately one (1) to more than one hundred (100) milliamps. While this is
acceptable current consumption for a robotic manufacturing system with
access to main line power or even a camera or smartphone with a relatively
30 large battery, it is far too much current for a power source in an ophthalmic
device. Such power sources, implemented as batteries, energy harvesters,
and/or capacitors, are typically limited to current of perhaps thirty (30)

microamps or less. Both the active current consumption, the current drawn by
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20 transformer operates on alternating current, a voltage multiplier
operates froma direct current (DC) source such as a battery. A

vol tage nultiplier nay conprise a charge punp, a circuit type widely
known in the electronics art. Lens drivers which are presently
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used for eighteen (18? hour s.
Typical lens drivers are implemented with discrete electronics or

integrated circuits (IC’s). Even when implemented as IC’s, lens drivers may

20  require external components such as capacitors, and the physical die size of
the lens driver may be two (2) square millimeters or more at a thickness of
hundreds of microns and thus still a challenge.

Electrically variable lenses are typically activated with a voltage of ten
25 (10) to sixty (60) volts. Thus, lens drivers for these devices must output a high
voltage sufficient to activate the powered lens. Lens drivers may be
programmable to change the output voltage thereby modulating the optical

power of the powered lens.

30 Due to requirements for speed, reliability, and precise modulation of
optical power over a large range of focal distances, typical lens drivers for liquid
meniscus lenses utilize an alternating current (AC) driver. Such an AC driver

rapidly switches the bias applied to the lens between positive and negative,
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Typical lens drivers are inplemented with discrete electronics or
integrated circuits (1Cs). Even when inplenented as IC s, |ens
drivers may 20require external conponents such as capacitors, and the
physi cal die size of the lens driver may be two (2) square
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charged at S¥% 45¢ SP providing the requisite power to drive a variable-focus
optic.
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SUMMARY OF THE INVENTION

The lens driver, including the electronic circuitry for powering a variable-
20  focus optic electronic ophthalmic lens, of the present invention overcomes the

disadvantages associated with the prior art as briefly set forth above.

In accordance with one exemplary embodiment, the present invention is
directed to an ophthalmic apparatus. The ophthalmic apparatus comprises an
ophthalmic device configured for use in at least one of in or on the eye, an
electronic system incorporated into the ophthalmic device, the electronic
system comprising a control system, at least one lens actuator, and a power
system, including one or more power sources, the electronic system being
configured for low power consumption, and an optic element incorporated into
the ophthalmic device, the optic element having an electronically controlled
focal length configurable for at least one of vision correction and vision
enhancement, the optic element being operatively associated with the

electronic system.



10 Accordingly, there exists a need for a lens driver for a
powered ophthalmc lens that is optimzed for |ow cost, long term
reliable service, safety, size, and speed while providing the

requi site power to drive a variable-focus optic. 15 SUMVARY OF THE
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sw tch bi asdfivertibeswel & aatiablofedas optic converts the battery-level voltage to a
high-voltage bias, for example, a 25 V output from a 2 V input. In another
exemplary embodiment, the variable-focus optic is an electro-mechanical or
electro-fluid device. The lens driver for such a variable-focus optic may be
substantially different from that required for an electrowetting device, for
example, requiring a specific driving waveform and feedback of the lens or
optic state. However, the function in the ophthalmic device is the same;
namely, electronically controlling the focal length of a variable-focus optic of a
lens. In yet another exemplary embodiment, the variable-focus optic may

comprise a liquid crystal device requiring a current-mode bias.

The lens driver circuitry of the present invention offers safe, low cost,

long term, reliable power in a package sized for utilization on or in an



| ens, for exanple, ground, high voltage, polarity reversal, and

fl oating. I n one exenpl ary enbodi nent, the variabl e-focus optic
Is an el ectrowetting device which requires a high voltage to change
focus. The lens driver for such a variabl e-focus optic converts the
bat t er y- | evaghthalimiadevice, sudh ghaoeintagders, adthoLiosigaiimapt mpact2h; Vv

out put fron13y2 V iqgutb“hp anot her exenpl ary enbodi nent, the

vari abl e- f & OgﬁFWEEVQ Q ‘el ectro-nechani cal or electro-fluid
device. The lens driver for such a variabl e-focus optic nay be
substantially different fromthat required for an el ectrowetting

devi ce, for exanksl ducedquinient goaswpption, severalieeiyigkes noagacagance with

opht hal t ¢ ebTeasT BBk vSRANGighoHF EBb ke KAl A5 e

focal | engtdpherialmiyaevia®! Cufrentis regutsd By cardiamsmatdhivgthaarejurements
exenpl ary enbodi ment, the variabl e-focus optic may conprise a |liquid

crystal dewf&e leaguirvende thevanakiefepiroplicef the powergd denss gthdthey er
clrewtry QfariEBl%-f%ﬁ% o it 'o?i’i?é‘ég\&&egdfr Ifeﬁ%??am{fnellﬂ%%gﬁﬂtep gb sd 8f 2

reliable pover 1n"a age si u I"zat'1 6n on of

opht hal m ¢ op@dthatmic devibe dBorexamnplacto darig switchingUbdssdasofor ti lk@id memtis
on confort or wearability. To reduce current caonsunption, several

t echni dfes lens. &lobrdriveds Usedinsiead of casdwdrivey Bhisiis Rogsible Reeaus®: in
are applic n ' 0 : ' [.CE. '
reduced bygggfeeég?'ﬁeﬂaﬁ%tégﬁd%ﬁtéﬂe& F’%@@?%m n\?ésﬁgo © fcgeéJsﬁgﬁngg{e@é;@ Okc%
t he vari ablseb&antiallygifiecemtfthahe¢he ovepriexinérdador existing kees\driveedlfeld ocus

optic of the powered | ens require ts tched_to those of _an
opht hal i ¢ POWARERAY B8 STERY AT (4 BIGPOMETLARY #RIGRICRLRNET Fofthgr, the

Thi's 15 poserbl e oS e b HeMEalSITer hTEpRAfIRI: Al rtuctRor

vari abll® f eficdnates dloe naed dedpaariiydoggling. In some exemplary embodiments, the
lens driver's output is unregulated and not part of a control loop. While tight
regulation of the lens driver output may be required for applications covering a
wide range of focal lengths, tight regulation is not necessarily required for all
ophthalmic applications. The design of the lens may allow a wide range of

20 driver voltages to accomplish the desired change in focal length. As would be

appreciated by one skilled in the art, removal of the feedback system greatly
simplifies the lens driver with corresponding improvements in die size and

current consumption.

25 Current consumption is further reduced by carefully designing the lens
driver for the ophthalmic application. Active current is reduced to approximately
three (3) microamps. Standby and storage current is reduced to nanoamps or
picoamps. This accomplished through techniques which are known in the art
as well as innovative new techniques as described in greater detail herein.

30

Designing the lens driver together with the lens for an ophthalmic
application permits additiocnal improvements in the lens driver. The activation

voltage of the variable-focus optic of the powered lens may be reduced, with a

9



substantially different than the requirenments for existing |ens
drivers. Add power may be sinply piano (0 add power) and +3 optical
power. Further, the design of a specific liquid nmeniscus lens for an
opht hal m ¢ devi ce reduces or 15elinm nates the need for polarity

t oggl i ng. |qmr@@p9néklgrrpdactjprehnﬂbaicmémtsvoltage requiserdentseef the denpdtivers
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change n f woul d be appreciated by one skilled in the
art, hovéﬁﬁ%mtfﬁﬂghﬂgwgick systemgreatly sinplifies the | ens
driver with corresponding inprovenents in die size and current
consunption. 25Current consunption is further reduced by carefully
desi gni ng t he | &ige apg\packagingiaie o ghtieRl impertapes fe i shitabildy pfa lens
current is t 3 and
ctorage cat7iat et SufRBRK SPRY G tor AcSic tnd cdtalibi o S, She

t hrough t eddﬂerwmcmmw@édmmlcumrw%r asé lratSthlalmlas Alhoomabheats
new technl ques as described in greater detail herein.
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requirenents of .the lens driver, and t e.Ie S drlve&y? curren
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Size. The GHHSH HATE BORTHRCPIIng ARd Sesigned saaelisly Fosanko 6t
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fromthe le driver. Again, this reduces t I"'ens driver's si
S5currend caomisomsti on. Size and packaging are of critical inmportance

to the suitability of a lens

BRIEF DESCRIPTION OF THE DRAWINGS

20
The foregoing and other features and advantages of the invention will be
apparent from the following, more particular description of preferred
embodiments of the invention, as illustrated in the accompanying drawings.

25 Figure 1 is a block diagram representation of an exemplary variable-

focus lens system in accordance with the present invention.

Figure 2 is a diagrammatic representation of an exemplary H-bridge
circuit coupled to a powered contact lens having a variable-focus optic in

30 accordance with the present invention.

Figure 3 is a diagrammatic representation of an exemplary diode-based

charge pump lens drive in accordance with the present invention.

10



driver for an ophthal m c application. As such, the integration,

| ayout, and interconnects are designed particularly for use in
ophthal mcs. Al conponents 10of the lens driver are integrated onto
one silicon integrated circuit or IC, elimnating the need for
external conponents such as discrete surface-nount capacitors. Di

e
size is reduced through variqus techni s. lnterconnects are added
vl or | post - pridBles R B B SRR i o R SR ngBeR &
appl i cat i Qmariab%-ﬁfc@stdvﬁﬁ@@@agg_%&a@%qgﬁntéﬁcb?d’ar(c%%itﬁ theopresBHndr ed
(100) 15mi crons. BRI EF DESCRI PTI ON OF THE DRAW NGS 20 The

f or egoi ng dn¢eriomer features and advantages of the invention will be

appare% fromthe follow ng, nore particular description of preferred
enbodi ments of the invention, as illustrated in the acconpanyi ng

drawi ngs. 25Fi gwigurk 5 & & dRigpamnthtRaepradepatRiest thbilgyotfof @discrete lens
exenpl ary vari abl e- focus |ens s%st emin accordance wth the present

i nventi on. drivgheiscylt PR acipul pecardpnes withdhe eressnt dmventionp| ar y
H bri dge circuit coupled to a powered contact |lens having a
vari abl e-focus optic in 30 accordance with the present invention.

Figure 3 is a diRiguendriaa blockplisgrant aipreserthtion of xemxeaiplartilote dhvased
charge punp lens drive_in accordance with the present invention.
Figure IB i opdicyinipHpealin Aetnrdarsh withdhe presantapandian. r esponse for two
vari abl e-focus optics to applied voltage in accordance with the
present invention. 5

Figure 7 is a graphical representation of input waveforms to an

exemplary charge pump in accordance with the present invention.

15 Figure 8 is a diagrammatic representation of an alternate exemplary

charge pump lens driver in accordance with the present invention.

Figure 9 is a graphical representation of a simulation of voltage versus
time at each capacitor's top plate node in the exemplary charge pump of Figure
20 8.

Figure 10 is a diagrammatic representation of an exemplary electronic
insert, including a lens driver, for a powered contact lens in accordance with
the present invention.

25

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

30 Conventional contact lenses are polymeric structures with specific
shapes to correct various vision problems as briefly set forth above. To
achieve enhanced functionality, various circuits and components have to be

integrated into these polymeric structures. For example, control circuits,

11



Figure 5 is a diagranmatic representation of the |ayout of a discrete
| ens driver circuit on a circuit board in accordance with the present
I nventi on. Figure 6 is a block diagramrepresentation of
an exenplary lens driver-10optics interface in accordance with the
present i nvericiopnocessors, corimunigation devicgs apiweraupplips csansoss,iantuatbrs,

orosent | nv T iEEREReag SRl abelites el HngERBa bl contach
al ternate exgiEabajiy cGharBUIRWHodeBForlE IcYRipdnnBs &ORstadiiP ciirb &t \idien,
present invention. Figure 9 is a ar aphi cal representation of

a si nul at i ohubfo ehansgevisienassvell ag peavide efdidiapakivnetioralitygs s axplained

G agr antat | DOIAY Eclieri 6or B efoo MG 165Es may e el & '
i ncl udi ng aptdiige 8nhatted Visionadid evemedl Aantdsth-dueeapabil

BES OF }d@ﬂ?;i@ng%
with the present invention, 25 DETAILED DESCRI PTI ON OF THE PREFE
EMBODI MENT SBGiifyingdheirefiactiveosanatilities i dke lgnseso|Blaetrenic angd(pringweared

Wi th specif| 8nt§l@f"f%ﬁ§e£ Phditbe fekighal g&éﬁh‘ébéé 8&0{?[&1@9' E0B1uASn A o‘?%{?-ﬁy .

set forth above.” To achi eve” enhance uncti ona various Cir

and conponet¥xturadirdomeation, tntragslatedpeadhointdesstiqrs ivimeal tme} tousffair es.
For exanple, control_ circuits,  mcroprocessqQrs, conmunication

devi ced! poiHakeHss @B, 2 BRYIgBHQN SEHelal@ PLOVId FARIR RIAAGSRGIABHes,
and m ni at uj.aa EPE@S%. Te Risk8 Bt e2sighkn tS%ﬂ%@Hﬁe'v@éﬁ@?to"é%e in

custom bui | t "optoelectronic conponents to~not o correct vision,
but to enhalkeelightsicoditesswelHe propprip dedignaddil¢ctoorits dndiot aoaagemenasf
5 cxplal ned OhShLTn BheSS hU) SIcAn R OroBRNS) S 19805 RRS vheniRs, IR
example, without a variabie focus optic lens, provide novelty image displays
15 and even provide wakeup alerts. Alternately, or in addition to any of these
functions or similar functions, the contact lenses may incorporate components
for the noninvasive monitoring of the wearer's biomarkers and health
indicators. For example, sensors built into the lenses may allow a diabetic
patient to keep tabs on blood sugar levels by analyzing components of the
20  tear film without the need for drawing blood. In addition, an appropriately
configured lens may incorporate sensors for monitoring cholesteral, sodium
and potassium levels as well as other biclogical markers. This coupled with a
wireless data transmitter could allow a physician to have almost immediate
access to a patient’s blood chemistry without the need for the patient to waste
25  time getting to a laboratory and having blood drawn. In addition, sensors built
into the lenses may be utilized to detect light incident on the eye to
compensate for ambient light conditions or for use in determining blink

patterns.

The powered or electronic contact lens of the present invention
30 comprises the necessary elements to correct and/or enhance the vision of
patients with one or more of the above described vision defects or otherwise

perform a useful ophthalmic function. In addition, they may be utilized simply

12



provi de enhanced vision via zoomin and zoom out capabilities or just
simply nodifying the refractive capabilities of the |enses.

El ectroni ¢ and/ or powered contact |enses nmay be designed to enhance
color and resolution, to display textural information, to translate
speech i nt do eapanoanormal daiontarmepvide aofvider varidly stifunctioeslitf msdescribed

The Danses SHEY°bd NS pBRC oA 074 WEV B AIEe, § Vala ORI RS

condi ti ons.gnTAesdph9Bg font @Rk @ﬂ%d@ﬂe@%(ooé‘b_@ﬁta%f‘lﬂrlféroré}ﬁé&taéh%%went of
el ectronics on lenses may allow for projecting an i mage onto 't he

retina, forenebedding elagtiomestwithowdra lebs éorf ayusuitgile funatiesalityr diede

novel ty_i mage .di sp| ays and even provide keup alerts. Al ternatel
or 1 addi SRS IS oG neete R InEighd ey BE Tt o e ity rieeror
contact | ergffadiiohdedcy descatbedemenantalditon, iMrotamrmyRsdsRay also
nmonitoring of the wearer's biomarkers and health indicators. For

exanpl e, sdémpperai@ithe vameus eerappaprisandenationalitadaserinad kergint.i ent

20t car 11 | ARIEOUET RS R BB p e T Cp R i ROBBRT o e

appropri at gyt Mrisoter strd ot Msidradlefet0ihEdRide o8 eiMtE-8sé dailyaRipbeabiy.
chol esterol, sodium and potassium|levels as well as other biol ogical
mar ker $0 This coupled with a wireless data transmitter could allow a

physi cian to ha i U?ﬁﬁid : i '

chem stry wt hoﬁe%%gﬁéte'h or r?%gdl%%t?ﬁ?\otéﬁg%egg@ gsg&% %’%ﬁ?‘? P\E} to
a | abor at opypwandd Bemiant ldriscczanpiising anletecictthit spstens eviddt actuatéd ai nt o
the lenses may be utilized to detect |ight incident on the eye to

conpensat e VAHRLIENBLEHOPIIE GhANY OHTIVNIE o dedreqcenlighrad ie FRplsment any
bl i nk Patt§B%erg?%u%H§%r%tioﬁE%éf rﬂ?g%e &Hed.%&éoﬁ@ﬁc%&&%ﬁ{“
I nventi on conpri ses the necessary elénents to correct and/or
enhancést hénahidesoon@br patre datterias h otimer pmwermcerads, posveaioartagement

d i bed vi si. def ect th i f f ul t hal,
descr bed vl sign, delects orothel woe pertarm A uaelul, cnibalme
Vi Sion or RnBMnkhthg IR BIRESRFN AorftHiR! BRARNS driisr GteafR. brgk above.

The el ectronic contdct |lens may conprise a variable-focus optic |ens,
an assenbl edmplexity afihese cotpdoedts may vancdepersting ensherefuisad sif npl y

enbeddi ng electronics w.th a lens for, any suitable functionality.
The 5el ect 58%%"? '08%\1'%?3[{%?895’&{6%1 R(/glr‘?tc%ﬂ'cnﬁg)s'be i ncor por at ed
into apy nunber of contact |enses as described above. In addition,

intraocul ar | enses may al so incorporate the various conponents and
functional ity déseimpedanidegiaie that the control circuitry, system controller or

control system may receive any number of inputs for controlling a powered or
electronic ophthalmic lens, for example, a contact lens comprising a variable
power optic element or variable-focus optic for zooming in on or focusing on

25 distant objects and zooming out on or focusing on close objects.

A control system comprises one or more devices configured to manage,
command, direct and/or regulate the actions of other devices and/or systems.
While there are a number of different types of control systems, they generally

30 fall into two classes or types; namely, logic or sequential control systems and
feedback or linear control systems. In a logic or sequential control system,
command signals are output which triggers a series of actuators in a

predetermined sequence to perform one or more tasks. In a feedback control
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However, for ease of explanation, the disclosure will focus on an

el ectronic contact lens to correct vision defects intended for

singl e-use daily disposability. 10 The present invention is
directed to a powered ophthal mc device or powered contact |ens
conpri si ng syatesh.ex conindldosy.sneludingnirshoasiouasessersy aptitad | aigdrdbots, and

optic or any, other. devi.ce oy, deviges _configured to i.nplenent an
nurber of ARG FoRDBtsktoTRANETR o Bliabl: 3iH netboRte EdenPE RS
system 15 ijRahydesdak intrpkgstent, iotel msedd oty whareie $24EMas to do,
power nmnagenment circulitry, one or nore sSensors, cl ock generati on

c: rcui try, tesnewdiovw wedihe systempisaprifanmigg sand @lbus-;e &@ﬂir&rrr]nance
conponent s ey oty T EREHE ! TGN sltRrEQ o Thesired

functionality of the powered or electronic lens. 20 It is

inportant to note that the control circuitry, systemcontroller or
control system ré ¢aappReNts By thrikasle feedbatk santrod sysien mayiheg a

powered or d%gSﬁBédjg%?OI%%st. ISt Systd rcoﬁﬁf&kqg?§y$%%§?gﬁnﬁbs g

conpri sing a variabl'e power optrc eléenment or 'varia

zoom ng i ncontrolled aadss oonfigurdd tolredeave anlipmettahdandvidecsn ogtpotit The or
f ocusi n8. on cl ose objects. A contro| system conprises one or
[

mor e déli cOSRWY M ithr Plant isinpah i@ SCREAMYRIEN TPRYEES NG/ VrMPEYul at e
t he action j I t i t r
of i 11 er oRE T BichS bf SR bERE pAE prtiagy B Eibact ofal TR IeRPar BRFRR
cl asses or id theassubtaTbdd;,vid agiomparakequeniéraduitabie melansykomnthednplut

f eedback or linear control systens. a logi.c or sequentjal control
Systom  coRiEICOgEIRE n ST ST TR gt &5 eddnpek e Gontroifer

actuat ors iyhiéh Bﬂf[:f)gl?é 89 b ?r?élb'l‘éﬂ?&etri@bgréélﬁé?ﬁ@tt%‘ﬁlaﬂi taTRh Slehfsh the

In a feedback control system a contro oop, including one or nore
sensor $5 cdesired aatigur Eshestjallyntheaieedanok fomstheosdrisgn aidmps e godatrd

a vari abl e_at t point .or reference value. I.n any feedback t.r ol
Sysrem ondilaafestRbire bt SR8 RIS =g hifRecS Rn Rt eS|
the syst emyisdegFddPrdsultdor aRfivdrPinpse AlleoRBHI S/k@nS ard dBEiRnEB Wit te
correct and control the system The conponents of the basic

f eedback ceanfings efjeartain eaptroblawssand teirally repesenstradeaffcionarious

cont i gur edapBor e peEPRERnE R s dfrERBhiRs SRR b o
of thezpl agimplFicdrund déscribesisngemabt hrdveas Uit @rovides thie Iaie for
paranmeters of the plant and provides a feedback signal. The feedback

signal is feRdbaskisoniiet systemsaviick sipabaimplemerseddi haiwas) sothuarpsor
Lo L, R ol el an ercer <L onal e error Blgne
t hereby causing the plant to inplenment the
Feedback control systems may be further classified as proportional
25  controllers, integral controllers, derivative controllers or combinations thereof.
In a proportional controller, the control action is proportional to the error. In an
integral controller, the actuating signal or input to the plant is proportional to the
integral of the error. In a derivative controller, the output of the process is
proportional to the rate at which the input changes. Each type of controller
30 offers its own advantage as is known in the control art. For example, a steady

state error should be achieved when utilizing an integral controller.
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15desired action. Essentially, the feedback fromthe sensor attenpts
to account for all of the conplexities of the entire system and
produces an output that is the desired result for a given input. Al
control systens are designed within the confines of certain control

| aws and typi caIAgseq@mtiﬁenntrolderdeafsetsfdrﬂn amweodfsoraeirewhk:h a aetiemlbﬁg

speed and accurac t hough this pesc on is. over| 05|q8 q
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feedback cqHchake MY S cwhd[ﬁbnérwﬂ@owémh PRETEs8 NSt B@RW ©Sequential

software or any conbi nation thereof. Feedback control systens may be
further cl aoskmilers wqmakbpmmpﬁs@m%@yﬁiem tpereguenee egmanands for

br opor t Pondie oAb ReS ek B isal RERSE RiBBh RRBRER YIS he
error. In apntallee #d Aedrbeohtrélers sy @@Frtﬁjraﬁﬁnéd firdleqEntigiddntiod
the plant is proportional to the integral of the error. In a

derivative controller, the output of the process is proportional to

the rate at whi Glﬁnr&ﬂ@wéu.ﬂFiHé sﬁé@l@ggﬁon ﬁ?ec{éﬁ@ycﬁagxrtﬁélgﬁ(?gré{/ﬁleghtnﬁ&d

offers its own advantage as noOWN I N r exarrp

a steady stganeraitens,dopiothbniecieviveeshaytitiudé cohichznass) mtragca!kar
controller. A sequential controller, as set forth above

one i nl@hi densess sppaacierlentes and PH@@H“ PBIGSe dtpweYeTal rg@%c@rémca)wabﬂhe
These acti phes st E\ﬁ g‘bﬁk’ﬁ%l% Eé“r??g?lfér Wioh *&ﬁrr‘éeﬂ% Lha

t he overal I process™ nust nown uent control l'ers genera I
conprise | @gﬂhansgm'eetranﬂ @rsfecam?mlmsmeasﬁme Stepdotatieilenpes, contact
el ectrical  and/ or ni calI actions, Pr oa armabl efdé-l | C cogf_lrol |l ers

and i cr ocdPRTESF ‘5‘%'@39“'@& SS1ESr AidtraGHIaE LNttt Ok ISl dhatis

implanted in the eye and replaces the crystalline lens. [t may be utilized for

15 individuals with cataracts or simply to treat various refractive errors. An IOL
typically comprises a small plastic lens with plastic side struts called haptics to
hold the lens in position within the capsular bag in the eye. Any of the
electronics and/or components described herein may be incorporated into IOLs
in a manner similar to that of contact lenses. A punctal plug or occluder is an

20 ophthalmic device for insertion into a punctum of an eye in order to treat one or
more disease states, for example, chronic dry eye. While the present invention
may be utilized in any of these devices, in preferred exemplary embodiments,

the present invention is utilized in contact lenses or intraocular lenses.

25 The present invention is directed to a powered ophthalmic lens or
powered contact lens comprising an electronic system, which actuates a
variable-focus optic or any other device or devices configured to implement
any number of numerous functions that may be performed. The electronic
system includes one or more batteries or other power sources, power

30 management circuitry, one or more sensors, clock generation circuitry, control
circuitry implementing suitable control algorithms, and lens driver circuitry.
The complexity of these components may vary depending on the required or

desired functionality of the lens.
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Thr oughout the specification the termophthalmc device is utilized.
In general ternms, an ophthal mc device may include contact |enses,
intraocul ar 10 | enses, spectacle | enses and punctal plugs. However,
in accordance with the present invention, an ophthal m c device is one
for vision correction and/ or enhancenment and preferably includes at
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or more batteries or other power sources, power 30manage mf“@
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Do 20U S8Rl B St B RS o it EY-HREL ™S,
a bi aspappkophtat & ib alsRCdiffRiug th Mtam#aciabé € 688 ridefosm. IThedddBponents
includes circuitry to switch bias to the lens, for exanple, ground,
hi gh vol t adebe placed on orin the lens need to be miniaturized and integrated onto just
1.5 square centimeters of a transparent polymer, or more particularly,
seventeen (17) square millimeters, while protecting the components from the
liquid environment on the eye. It is also difficult fo make a contact lens
25 comfortable and safe for the wearer with the added thickness of additional

components.

In addition to the size requirements set forth herein, electronic devices
incorporated into a contact lens have to be robust and safe for use in an
30 essentially agueous environment. Tears have a pH of about 7.4 and are about
98.2 percent water and 1.8 percent solids, including electrolytes such as
sodium, potassium, calcium, magnesium, and chlorides. This is a somewhat

harsh environment in which to introduce electronics. Also, contact lenses are
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10pol arity reversal, and floating. As set forth above, the present

I nvention relates to an ophthal m c device such as a contact |ens
conprising a nunber of conponents, with the |lens driver being one of
t hese conponents. The proper conbination of devices 15 could yield
pot enti al | yganalralhi dmigrﬁerhtri berairn for; atHeasiveur holrsrandapreferablyntbageiothan

O o TR o oo AR AR BRSPS T,
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the lens for nber ot reasons, as well as nhounting a
i nter connedata‘thegep|aaadaothelep®’r@e§abenezrgm@nume@rfsavezmmm Da'@etlall at thesal so

difficulLt to man cture to scale and, f C onents to he

bl aced dn o129 Al BSqHERE: SpROREMse Mg e BBs SRR AE SleteratlV on o
just 1.5 S%@T@e@%tddmhﬁfesaé’flﬂlé ﬁdvé’é?%%%@éﬁibl@%b%ﬁ?ﬁhe%od%ﬁenses may
particularly, seventeen (17) square mllineters, while protecting the

conponent s bferwein fos a given octad iof bmeeenerbaﬁemttlégedlelfpr agivgnsperiod of

Coar or v t A ESrRuegR By Ak ora e i AR Feiliic BhfiatOnt Bawe to b

to the sizejis@mipattieans =é. Recbiingly ailleleélrésits Mvorpsiawd pto the
incorporated into a contact |lens have to be robust and safe for use

in an 30 es:@étﬁqtéﬁns)/h@@@bmgebﬁlbpfmﬂ@bﬁve design Pﬁaaiée'@%l-ql%ﬁe%{b@@@,
7.4 and ar I
I ncl udi ng e Illtgg%rééngﬁ;%%as \gﬁg mBB Eggg&ﬁmﬁ @83?1?6% Trrllgsl?ﬂsr’n

and chlori djenser Efﬁihse présanisinnentiat mteemhll eﬁtﬁeserraquirementml ch to

i ntroduce el ectronics. Al so, contact |enses are generally designed
to be worn for at |east four hours and preferably |onger than eight

hours. Electronig; o??%glrlﬁg# ftd BBEGRIET BeB¥ript UPL&f tﬁ ‘?fr@é’%rﬂ‘?bfvé?iﬁlon it is

supplied from any nunb sources, I ncludi atter
Si nce bAtt émpesanhid mtbehamhesmarearmaeyaitgynaieleo(eemldna\ﬁenbmdmteerﬂs of

lpg';gn'([jlr ?Le?/%né Igsfgpagigf)ﬁgq; yEOr egelarﬁgf 9hneI Sar?é)bqg?gguné gptlcl %%ly%di ng the

implemented utilizing liquid crystal technology, electro-active polymer
technology, variable fluid technology and liquid meniscus technology. Inthe
following detailed description, the variable-focus optic comprises a liquid

20 meniscus lens. The term liquid meniscus and electrowetting as set forth herein
are utilized interchangeably in this specification. In order to better understand
the description of exemplary embodiments of the present invention, a general
overview of a liquid meniscus lens is given. A typical liquid lens comprises a
cell that includes two immiscible liquids. One liquid is insulating and non-polar

25  while the second liquid is typically a conducting water solution, such as a saline
solution. Both liquids are transparent with different indexes of refraction.
Preferably, both liquids have the same density such that gravity has minimal
impact on lens operation. The insulating liquid is configured in the shape of a
drop and placed in contact with a thin insulating window which is hydrophobic

30 so that the insulating liquid will sit upon it. A transparent electrode is positioned
on the external side of this window. The application of a voltage between the
electrode and the conducting liquid favors the wettability of the surface of this

same liquid thereby deforming the interface and changing the shape of the
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designed to consune as |little power as possible so that the contact
| enses may be worn for a given period of tinme even after sitting idle
for a given period of tinme (shelf life). Finally, all conponents in

an electronic contact lens have to be bioconpatible and safe.
Accor di ngl yinswéating ligeidrasap cheretyoepangingthe fecel lengthiof therdeast Thisns a

have to neet. | of the.above Lan r ters, nanely, siz .
curvi vabi 1 gt ey oSt B AT B RRIATE iRl e et liantp
The | ens drdly@enpbf theepresestiRtentistent i on neets all of these

requi renents. Prior to delving into the detail ed description of the

present invention, it is 15 inportant to note that there are many
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crystal tecisitaygattingldeviceavisich irsquinsy & Aigh Yaigedb efinngedsed Thef lens d
technol ogy and liquid neniscus technology. In the follow Qf% detail ed

descri pt i oflriveqonsschabyariadedecuseptic edhsrisdas batteryglavel voltags ocus

I . Th e oul d: - - _ :
e 17 2 SR SRR S5SELURIE fTd 29 Rl [paidipber
bet t er undexetriptarytdrmbodisaritpthieorariablesfoep |optiy i® ahadectrnirecbbnicabor

present inventiop,. a, general overview of i qui ni scus, lens is

gi ven. 14 tﬂﬁ‘%‘&'ﬂ‘i“ﬂdiﬁ e dhe leBR@riveror suclam v rwgﬂe- QFLISRRAS MK be

i mmi sci bl e gl @i o 1St j ; Lle
t he second S:"’ngtﬁngép%%{)%%%@ tgétcrlgﬁgﬁéfaffé\g%mg%w%}tﬁﬁ g%wg%‘l’j’g as a
sal i ne sol example,Beghiringcusplscific driving wepaiem and feedbhddkesfdhe |emsistats
of refraction. Preferabl both |iquids have the sane densi such
Chat “gr avi PRSI TiBpYOn BElbe ostieite BRUEa.S She SHhe: TAREIA | ng
liquid is emdtionit=aY do%t:bhﬁg%ﬁé@@céﬂeﬁgtﬁro@ﬁ ELE] IH'@Q%ﬂotH?ar("e&Bhﬂﬁéry
with a thin insulating wi ndow which i s hydrophobi ¢ 30so that the

i nsul afl§ ng embpdinent,lthe yariablesiocus opic maynepupese adiquist eryatal device
posi ti oned on .t.he ext ee‘&ﬂal %i%ge of this window The application of a
vol t age bel WEdH"Y AT EET Y ¥ the conducti ng liquid favors the
wettability of the surface of this sanme liquid thereby deform ng the

interface and changi ng the shape of the insulating Ili ?ui d drop, ]
t her eby changi ng\n @leckrewaitingdans Rossesses 4 esréain Bmeuntot gappgikancewhich

cesert P RaY (BB BN RPNt e LORORIRE: e PPk
var i abbe- f eeHsectptito ong eldctrical contact of the lens. A dielectric separates this
conductive saline phase from an electrode which connects to the second
electrical terminal of the lens. Thus, a capacitance arises between the two
terminals due to the presence of the dielectric. In order to actuate the
electrowetting lens, the capacitance must be charged until the terminal voltage
25 exceeds the threshold of focal change activation. As such, the capacitance of
the electrbwetting lens is of critical importance to the design of the lens driver.
As is known to those skilled in the art, design parameters of a lens driver may
be optimized to account for the lens load and expected performance
requirements. For example, with a charge pump lens driver creating a high
30 voltage to actuate an electrowetting lens, an increase in one or more of clock
frequency and capacitor size allows the charge pump to supply more current.
Also as known in the art, an increase in current sourcing capability allows a

capacitor to be charged faster. As such, the clock frequency and capacitor
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el ectrowetting device which requires a high voltage to change focus.
The |l ens driver for such a variable-focus optic converts the
battery-level voltage to a high-voltage bias, for exanple, a 25 V
output froma 2 V input. In another exenplary enbodi nent, the
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f eedback of unctfron 1n e ophthalmc
device is the same; nanely, electronically controlling the focal
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termnals due to the presence of the dielectric. In order to actuate
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re such + RePlES aBRsEIRE SRcting GROERRERS b8 AN o8 BRfradiikl HaY "
| nportance sUQab!EQeQ%IQQy ffayi e ulilgte. dThey Blo teMindls hﬁw\ébr'fr@sﬂdmﬁl@ a

skilled in the art, design paranmeters of a |ens driver

opti i zed fionksicsuand adackiside tarmindd thaapbisfdat J@ep%tha¥mrvr@@age
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an 1'ncrease one

or nor g5 of e&!ampﬂe fm@qqerw(w)cboctam@cmuwn%amabhw 4 bettetyasrgeidingm
to supply nore current. Also as known in the art, an increase in

current so@nbi g @éb@ﬁﬂ irhe %W%V@Uéc%éﬂg@@bﬁae adaiters @P@%@P[W&ﬁer
As such, thg,gl gﬁr‘@ icd ot ﬁ{t‘r‘r@' f?llrﬂgd ?ﬁQ@@ 54 usz§t5 &&workin tmabﬁ?@n (E))lp‘l\égr

may be optim ze ency and act uat’i on
vari abl e- f ezemplapemt@dimeats, des |pgwe¢enumet1@D1ma@obesanﬁmfruom/h@lower
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20 comprise one or more voltage regulators, voltage or current references, and
switches to selectively enable power supplied to other components in the
electronic lens system. The system controller 104 comprises a digital control
system implemented as either a microcontroller running software, or in digital
logic, such as a state machine and may further comprise an oscillator for
25 generating a periodic timing signal for the control system. The system
controller 104 provides control signals to the voltage multiplier 108 and to the
H-bridge controller 106 based on an internal algorithm or under external control
by a user (interface not shown). The voltage multiplier 108 receives current at
a low working voltage from the power source 100 and generates a high output
30 voltage at or above the activation voltage of the variable-focus optic 112, i.e.
sufficient to change the state of the variable-focus optic 112. The voltage
multiplier 108 may further comprise an oscillator or receive a clock signal from

the system controller 104. In the present exemplary embodiment, the voltage

19



5Referring nowto Figure 1, there is illustrated an exenplary

enbodi nent of a variabl e-focus el ectronic ophthal mc | ens system
conprising a power source 100, a power managenent circuit 102, a
system control |l er 104, an Hbridge-controller 106, a voltage

mul ti pli er M@8pliem (8 butpdys dlplethtb thewariabid-tdusayicolitd dhraugh thehd-
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above, any suitable technology may be utilized. The two term nals may
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i nt ernal alngI’I m or under externa y a user (i1nferfiace not
shown) 15 Theirvoil tagditionknbphiiethd 6Sevadeart.e$She iH-bedge a1 Oamdphewor ki ng
voltage fromthe BQ r source 1%? and enera{ et%a] hi 9h qQut But
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optic 112. The voltage multiplier 108 nay further conprise an

osci | | at or nusltipler didBeoutpol aakths gtier té groundaer ppweeed trotherapdosite 104.
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oot put 1o BBl HE HAAcE PRE bR es. & 25pihib R tieuiEl fo BiérBlre e
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The H-bridge 110 conprises sw tches between the voltage nultiplier
108 out put refm B4e s kFse prweragndipegiedbe olaitty ef bigs previdedde sheind

bet ween ea%QriglgleEfggug%Hi@tfllﬁf é?&d‘r’?ding both terminals of the variable-focus optic
allows charge in the optic 112 to be quickly removed, thereby allowing the

variable-focus optic 112 to quickly change to the unenergized focus state

25 instead of suffering a long delay as charge slowly dissipates through a high-
isolation system. The system coniroller 104 may periodically reverse the
polarity of the H-bridge 110 output to optimize the performance of the variable-
focus optic 112, for example, to avoid excessive charge trapping that may
occur when powered in one state for too long. It is important to note that the

30 functional block are shown and described for illustrative purposes only, and
that functional blocks may be added, removed or substituted while still relying
on the basic principles of a lens driver designed and configured specifically for

use in an electronic or powered ophthalmic device as described herein.
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5optic 112 termnals and an el ectrical ground of the system The
state of the H bridge 110 is determ ned by one or nore of the system
controller 104 control signals applied to the H bridge controller

106. The H bridge controller 106 acts to interface the H bridge 110
to the systemcontroller 104. Generally, an Hbridge controller 106

Tocontrotier, 1 dioUEA IR Ales AR BRERE M Bl AR collet B =
typi cal volgaese@lophtialvid lehs HaRiridg vBiiabeMetiaeptiti2boi due Htidgéhe

H-bridge controller 106 may also include timng and delay circuitry,

](c:i rcu |t L r yStC‘di'CHﬁﬁQQéf oarisularin @QfHUOHCQTﬁF@ﬂQ@g m_?VQ\btige peigetialiapnlied to
rom : . ,

tates o 1 AHERRGEEus Bhudatg B MoRLBE ealo it iRhe o e G-
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t he variabl e-focus tic 112 to return it to a base power, _and toqggle
t he po|19ritr9wmcoair9@g#§%i ﬁb@q%w@awm&eﬂmr&d@@t gd & figgre 2, the
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optim ze the performance of the vartable- focus optiCT , for
exanpl &5 t coadiioningkesii 2/ istthe juerieap petweerntite migroecwwllendd’ and the
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while still rering on the basic £r|n0|ple$ of a lens driver designed
and confi giaybs gedpwiasaalgutile? vokeand the highdevelgnate doive yeltegesimay

opht hal m ¢ vgﬁyi)gtgve%% f£&LEH 06/ NRAAl Be apparent to those skilled in the art that

20  unique requirements exist for the voltages applied to the gates of the MOSFET
switches 202, 204, 206 and 208 forming the H-bridge. Put another way, the
low-level output voltages from a typical system controller are insufficient to turn
off the high-side switches 202 and 204. The signal conditioning circuit 210 is
also necessary to optimize current consumption by ensuring no two switches

25 onthe same leg (202 and 208, or 204 and 206) are closed at the same time.
The variable-focus optic 250 connects to the outputs of the H-bridge. The H-
bridge inputs connect to the high voltage generator 214 and to ground. The
high voltage generator 214 may be a voltage multiplier, charge pump, or ather
circuit. Additional circuitry (not illustrated) may be required for implementation

30 and control of the H-bridge 110 depending on the requirements thereof and the
technology utilized for implementation thereof. For example, additional
switches may be required depending on the high-voltage generator output level

and the bias voltages available in the system.
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Figure 2 illustrates an exenplary H bridge circuit 200 coupled to a
power ed ophthal mc |ens having a vari abl e-focus optic 250. The
H bridge circuit 200 is particularly useful for controlling the
vol tage potential applied to 5 the variable-focus optic 250 and may
be used to switch voltage to the variabl e-focus optic 250, reverse

pol arity across the variabl e-focus ti.c 250 round .
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typical sySie@RivaRt Ropinsr paientiaié usefil state 1t Io ermik adtortial awems iede
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vol tage nultiplier, char'ge punp, or othé&r circul tional
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control of th H-bidellO ependi ng,. 0 her uj rene t her f and
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generator output |level and the bias voltages available in the system

I'n typical elgséionic systemnvayiadewdhe vagablerioaus eptie 289 testare cheagefar
D SomeCt b oD TAGC RS o T BERE AR BIED' 20
and 208 f oigehseatdt De4 bnbirichge the averigev@irgshticonsOmptionr ect on/ of f
conmbi nation. For exanple, if
25 Figure 3 illustrates a diagrammatic representation of an exemplary
diode-base charge pump lens driver 300. This particular configuration is known
to those skilled in the relevant art as a Disckson Charge Pump. The diode-
base charge pump or charge pump 300 is powered and controlled from inputs
302, 304, and 306. The input 306 is a constant DC voltage source which is
30 continuously on when the charge pump 300 is active. When the DC voltage
source is switched off, the charge pump 300 is inactive to save on current
consumption. [nputs 304 and 302 are preferably square wave signals of

complementary polarity which pulse during operation. Figure 7 illustrates these
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swi tches 202 and 206 are closed while switches 204 and 208 are open,
the left side of the variable-focus optic 250 will connect to the
hi gh vol tage generator 214 and the right side of the variabl e-focus
optic 250 will connect to ground. This represents one case where the
vari abl e- f cigrmalepinpute 80284, bmd:&&&i geay Hodeven frbtrsa anitiocantdllelTa

deactivate , he varjabl e-fqocus o 250, switc ts ﬁ¥ ?94 are set
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it to deactivate. potentially useful state is to apply
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a di agrammati c repr senta an exe I 0de-base charge punp

| ens drivewnoBage deip acpsstdicdd 824.cw1rfelngupatt$@)¢lr|Se:s,Hhe\mltage thIsetop
skilled in %e rel evant t. as a Di sckson, Char i ode- base

tge PHrrp. Tlp(e di

char ge pur‘r15’ £ AAPGEYUIRP BEPASESbWEFBHISHIARIB R oW RagkwasTPRbut s
302, 304, SR fRe

whi ch s 30 on?(?‘niogﬁr?/%ﬁldag?% mﬁcﬁ%é%@fgn@%ﬁﬂe&g%&c“ve -I\;\Pue
t he DCl§ol chggestamceapasitond0@ padses throudre diduer 326 podipeddB accumulating

et e SRR L sobBR A 50 B
preferably se
during OpersﬂideQHpuﬁ@'fseloW Wﬁ%iﬁéﬁ%@& ahf SR lnﬁu&%%ggﬁ]%uﬂﬁe KgR.

304, and 306 may be driven froma m crocontrol a hardware | 0gic
circuit or voltage an inpu 302 @@uﬁaséhemaemt@oaatheyomlaéepfﬁeasam’@r 310 to

Capaci t or s MuRA%E fHs ISR B sfiietehldogh S wEs B e Goatrssoemna
are coppeciedatlo stage by approximately the supply voltage minus the forward diode
voltage drop. It will be appreciated that minimizing the voltage drop across the
diodes increases the conversion efficiency of the charge pump; hence diodes
with lower forward voltages, such as Schottky diodes, are typically utilized.
Thus, at the output of the charge pump 300 into capacitor 320 and load resistor
25 322, the voltage present is roughly equal to the supply voltage (present on
inputs 302, 304 and 306) multiplied by the number of stages, less forward
diode voltage drops. In this implementation, with a supply voltage of 3.5 V the
output voltage is approximately 21 V. Output capacitor 320 accumulates the
charge from the last stage (capacitor 318 and diode 334). Load resistor 322 is
30 provided to bleed charge off capacitor 320 and the load, in the event a known
discharge time is required. A lens load is placed in parallel with capacitor 320
and load resistor 322. Thus, the lens receives a much higher voltage,

approximately 21 V, than is possible with a direct drive from the microcontroller
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5 input 304. Capacitors 310 and 316 formthe other side of the charge
punp 300 and are controlled by input 302. D odes 324, 326, 328, 330,
332, and 334 allow current to flowin only one direction, in this
exanple, fromleft to right. A single stage of the charge punp 300
conpri ses atdippdximately Bed Vollt isvimpyrisaptrnoterthat this ecdtage may326y and

310. Wen vol t age . i.s,apRIA to input 306, current flows 10t hrough
di ode 324 Mﬁ%&d@ QBBQ‘W} capacitor 308. Initially, input 304 is
| ow, so the voltage of capacitor 308 rises to equal that of input 306

| ess the forward voltage drop across diode 324. Wen input 304 rises,
the vol tage on tHigurechapiphicallyfillusiisdes asesBoBe ofdweawsiablecfnausmmptics of

bl fl back f t h digde 324
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with | ower rvvar a es as i ca
utilized. Telivattaty d:Hmmqusmfr h@ff:rt;hmrﬁmmmmlcaﬁﬁb aniheancms@ons@w

320 and | oad resistor 2532 the voltage present is roughly equal to
the supply @APAGEeRRaBLIReEHCE Aot ALty VoRetr e b THestaIf) | ed by

the number Qﬁer@ﬁc@@ﬂnt k65 Sthfscffr aq' a‘ﬂilé’%u%‘.cﬂéft@g@ hrgfr%oéeadtﬂaﬁ State and

i npl enent ati on a supply v tage e output voltage Is
appr oxilfrat pogs@dses. a Dasglite cptfrsat power. M\amertbrmki voltageh g brskr om

t he | t st t 31 di ode 334 d t 322 30
e den ¢+ WAl RRRS PhC s BTl e R s ok e Airer Sl VohoR REchy et
a known di ﬁ?ﬁtﬂb&%ﬁdﬁﬂ%al ﬁoW@ﬂ%r‘s@g apﬁhé@@@té%l—%@ﬂl‘ \?arﬁ?ldéﬁgﬁdinﬁ dir all el

wi th capacitor 320 and | oad resistor | ens recCeives a
much hi ghewanalblesfgeus appie dﬁB@ﬁJt él s,ec@nd\}ens dasigh @pﬂmnsedafcur pmsW@la

direct d f t tely.3. 5.V i
Mor tant EorRERah i eCtaibd SOR fushiSh g8, i SEionF AR e e Baimaty °
Fi gurezd gdesiyneeld yettdddlﬁérfa%ﬂé‘-ﬁio@sr@ﬁﬁﬂ@%dﬁtoﬁ%l%é@rﬁ%@oﬁﬁ&ﬂﬁh a
optics of 5two powered ophthal mc | enses to applied voltage across

t hei r ter misHastantially spfeericabrhape.y Egsentially, this seeand varaiie-doguscoptic
optic Is adﬁPefFE%% fHd HrsP¥AL! AR Abed above in saline and oil chemistry, dielectric

material and mechanical design and hence the different response as described
herein. This second variable focus-optic has a second threshold reference

25  point 410 reduced to approximately 12 V, perhaps through optimizations to the
variable-focus optic’s fluid, mechanics, and dielectric thickness. Further
optimizations of both the variable-focus optic and lens driver may be possible
due to the unique storage and runtime characteristics of an ophthalmic device
versus those of a commercially available electronic variable-focus optic, one

30 which must run operate for many years with wide changes in focal length. The
second variable-focus optic saturates at +3 diopters with approximately 17 V
applied at reference point 412. Above this saturation voitage the variable-focus

optic power is no longer variable with applied voltage. A design for a
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device conprising saline and oil with a substantially cylindrical
shape. In a typical response 402 for this first |ens, optical power

of the variable-focus optic begins to increase once the applied
vol t age exceeds an activation voltage at a 10t hreshol d reference

poi nt 404, greshytpic ardipakelinapyyopitc patiehlymag deéfadlt tove hegtive optical
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per haps through optim zations to the variable-focus optic's fluid,
mechani cs, and diel ectric thickness. Further optimzatjons of both

the vari abl e- f odu¥ill 6 FRPIERGIPD At dhe (RS GRKET HeaYHbR dnpleaenied i either

uni que stor, ; i r isti i Gde\d:
versus ¢ houunytet INELER (5! @ Shhing RipR o ORI diie? e s
opti ¢, 18ne ilRGtratescthertagdutrafrd evpesdbeah @xempigryydisorsteiehb drivdeciohudinige s
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Above LI S spRLpRITbAIDIY Bl REStHEha(R bRMH BnhaeHAngPhkFeiPNBitthgPto

| onger variable with applied voltage. A design fof a presbyopl ¢ and

basel i ne mpegdotroegintoenconiesl seetian for inoorponatigat inleadpns, daf example, Bor

di stance Vi si%n ﬁeor_recti on. Cllher fug&ti.ons aé_e %o%%sd al.e basEd on the
mechani cal CAREACE RS AN BlgegHiab{ens, ¢ TIFIOeNEO e BYGS2 CPEraf | |
be apppgci pufth a%noﬂh@bﬁ iBRPA AP roBiaRhMink/atd tHOstaRABBeaidusEisend. As

power occurs. 5 responding%y, a lens driver naéebe designed to

reach 25 vdapetipediwith respact fofeurea, dindesr502%04s 006, 208.&hK) and Ha2

woul d stil I J i - f j S
vould 11 bl Bgbuab, MRS 2B AL SRR R BreGALER?,
| ens dri vethdaragxitia tdeshgrpdpiimp. Capaeitdrs S201d 522 a8pAnsetls ttiaa@Boalinput
vari ation gver input voltage, ,tenger ature, sem conductor, and ot her
(Figure 3) whereas capacitors 514, 516, and 518, connect to the 304 input
25 (Figure 3). Load capacitor 524 and load resistor 526 are present in parallel with
the lens driver output. A trace and via 528 connect the lens driver output to a
tab 530 on the circuit board 500. This tab 530 bends into position and may be

attached to one side of the lens with conductive epoxy.

30 Referring now to Figure 6, system block diagram 600 illustrates how an
exemplary lens driver interfaces with the electro-optical system. The exemplary
system 600 comprises batteries 602 or any other suitable power source. For

this application, the power source 602 is constrained for voltage and current by
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10 paraneters. Such design tradeoffs allow the |lens driver to be
I npl emented with a sinpler circuit, one that consunes |ess power and
ar ea. It will be appreciated that the | ens driver nay be
i npl emented in either discrete or integrated form wth varying
| evel s of icomeRgtng ystegogsnvrememsgiorexamee) $mgtlrsaee§herp@wq)ﬁ@wca)f

W ih the pdeasEiPIBaRe oo BbleodiRol ok ol it na R & boar
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permttl ng it to orned into a conical section for i nCOI‘i)OI‘atIOI’l
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the next i ManhEckyds gantaifase withaensa dresitty igrdptepmingdhasesire VﬁHéb[e'

302 i nput ' ; ngg@lé
t he 304 m%%%é@l@ %gtﬁ“r%e?e'g;. Eg?gﬁggég%??%éﬁgmq%ag&r e3|fs?{éor

are presentcohtroblalbakBGB amictﬂ)bWétEfrd)rarthedmwmnnamﬂgmhentﬁblbcIaGM@md via
528 connect t he I g}stjrver out &ut to a 5 O on the circuit board

200. TAPs ®eHangd AR pYEr SBHMCE s GG cRmSsts B Biedess de
of t he ! e”?leé‘F 508 Ol fdrls cfr,&?%ﬁ mgy%ﬁnﬂrlgb'?gn&%st@ n'fér%‘el&@ vgltage via

system bl o I agram 600 il lustrates how an exenplary lens d
i nt er f aces aharge peing) 62 regufste valtagy siaeanvoltage Eegeldmbaﬁjlzl Segglem 600

conpri ses ba rles 6 ny other, suita wer source. For this
app 1 ot ool FEHER Tug e eBoe Joft, At Lo o A HEPEEE
current bymt@ﬁﬁé‘@bhﬂ%v@h%@ﬁ%l%&l&’@ﬂ@ﬁhé 6fledrespsaile. small size.
The power source 602 is applied to a power managenent” bl ock 604 which

may pr&%i de a regul at ed out put switch off the load at a defined
battery cutoff [ es ow. f o battery.chargin and ot her
ool Lol e funct i G HsSes Snldlt mElTesSAN © 8F pedBinirh tBoran
event tim fﬂ)@mﬂﬁQO@l%th@bHMStraltéd FeFighee BWWW(?O@% 8 constant DC
m crocontrol |l er, state nachi ne, or other circui t@é The system

i

control bl ¥elkagadorayample $8e/ fom athatiens Sianaly %rbecswmhacwff to

cet e e AP Bk i B b b BB T S0

fromtbe peverplermsateyeignald ©ollibdhetween, for example, ground and 3.5 V. On
one half-cycle, 702 is high while 704 is low. This causes one set of capacitors
in the charge pump to charge. On the other half-cycle, 702 is low while 704 is
high. This causes the other set of capacitors to charge. As each capacitor
charges, a difference in voltage potential is created across the series diodes.

25  The potential cannot create current flow towards the sources since the diodes

prevent current flow in the reverse direction. The potential causes current to
flow through the diodes toward the load. At each stage, the voltage is
increased by approximately 3.5 V minus a loss factor.

30 Figure 8 illustrates an alternate exemplary lens driver 800 using metal-
oxide-semiconductor field-effect transistors (MOSFETs) connected as diodes
instead of discrete diodes as was shown and described with respect to Figure

3. This implementation is more common in integrated circuits, although other
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10 perhaps directly fromthe power source 602. A |lens 610 connects to
the lens driver 608. The lens driver 608 nmay conprise functions to

i ncrease voltage via a charge punp 612, regul ate voltage via a

vol tage regul ator 614, toggle polarity, ground the lens, float the

| ens, and tdireults kee possibleparamayrbengtilizetidof thedeasdriegeintacoondarae with

bl k 610 d 618 ti ly. 15 . Fi 7 0 t |
Choct eaverlBs pEset iRy antamAnd descriapg deseifn Ry lsnus G20 g B32r aren
i npu | y
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t hrough the diodes toward the |oad. At each stage, the voltage is

i ncreadld lggngpedsn auligital congolblerk gs withialber natoverlaory glock 8

oxi do- s SRR REFR AT af e SupbdE pRbahe e Raliidticthe o
di odes i nStp@Wér%ﬁpﬂiniﬁg_Q[t; Paftiahd 30U SPSted O Wiy LR B &ed vo0 iRGtratddin
respect to Figure 3. This inplenentation is npbre common in integrated

circuits, &ligueghCapaeitors&lde80Ps808.815 8IRnBE4BH. B3 BaOUB2Z Apdd

; the | ; i ¢ o )

Hoscr | bed RRATRRHdATRANEBRIAG MOGFETS dACB3B, a8 S, 1692, 844, 4,
conpl erent 84y, 850n85%, 884 aid 866V eMOBFENaniiehes 8P4 cagBg ateillastratadelsy,
302 and 304 ill ustraLgd in Figure 3, .and 70é§i?8d 704 jllustrated in

5Fi gure 7. thiegtgERing) dewresyperaigod e davad HIk tgrpmads Heditagiaurdes

f the | g 5 I It ; i '
et o R e e e B C g A

of the chamgeounifpr 800-idéalitiekiis tHe NIDSFETSefar@axamype | tappbnyotibge keed
def i in the_si ti Th Killed ip th t

w11 “appr edvepety Beeel o ramelt dBE FACEEETG 8k G bl heu aitined at

controbgbl %ﬁhé?r\no%%]@s Qé%fta%kgﬁulﬂ’d’ﬁn' tﬁ@RiHé@géggﬁ{b &N 9h 3n 48bropriate

circuitry known in the art. pplies 826 and 3828 represent the power
suppl y i npeircuihforghg exgoplanyllens daverdigseribed ineseis, thedVIRFETS wouldat ed

IGE TN Y AR AT TN TR TR
842, 844, §fRage semiconductor fabrication process. For example, such MOSFETs
preferably have gate oxide and drain-source breakdown voltages sufficiently
25  high to withstand the voltages created by the charge pump, as high as sixty
(60) volts or more at the output. Standard devices used in typical
complementary metal-oxide semiconductor (CMOS) processes would not have
sufficient breakdown voitage capability for this exemplary lens driver.
Accordingly, due to the use of high voltages and high-voltage MOSFETSs, the
30 driving waveforms, including perhaps the gate and well biasing, must be
appropriate for the circuit described. Although high-voltage, foundry-specific

device models and driving circuitry are not shown in this illustration, those
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15 848, 850, 852, 854 and 856. MOSFET switches 834 - 856 are
illustrated as three term nal devices, understood to have their bul k
termnals tied to ground. Additional circuitry is required to

optim ze operation of the charge punp 800 to account for

non-i deal i tknesviédpadide MIBEHES] wilbrecegaimel the neednoatesign apgrepaatély tvith
body effect, For, exanple, the MOSFET bulk term nals may be bi ased at
20hi gher vileSRH8VIGESy ol t age builds in the charge punp 800. In an
appropriate circuit for the exenplary |ens driver described herein,

t he MOSFETs woul d preferably be chosen appropriately froma library
of devices in al%igwei %Bh@ﬂvghimu[at&cagﬂta@@m&rmﬂﬂmt efagtibr Gapeacitoris top
process, For _.ex such FETs rabl ave t Xi de an

G o1 e sBur ClAtE BREIBTRE FPmATRY St 81 By S ARNG KRR RESURA e
vol t ages cr@ﬁég@ IBMthishexhAE G smﬁmnoasm@ |8As AfivEr éSﬁéfgé@@)e NRldtts or
more at the ouftput. Standard devices used in typical | ement ar

met al - oxi d@ppesRimatRlydSoY in emadP) pritisecansss. \I@@an@hmtvna gigadtines et

Accor di ngl yarafd s FREhhdresk (ol HedaTgEE Migks' B fie bt Beygioped rom
MOSFETs, t hgbctaly invéadlirsmeats MR soheedatid s‘r@)vnﬁrrhalgaré BevaRdserard at a
wel | bi asi gg) nmust be appropriate for the circuit described. Although

hi gh- vaPt agickiferauengy Qidciiz withehpl éoreanh sagne aapagitely circuitry
are not shown in this illustration, those know edgeable in the field
wi |l recognize the need to design appropri ately with these devi ces.

Figure 9 shows Refutrivigatbw &b FRyee Ve[ these tis askratetiomhera@npliry oohisict ks
5pl ate node .in the exenplary systemof Figure 8 along with the final
out put vol t‘%\@bﬂn ﬂ‘f’qrﬁf@ IBR&! '?I?ﬁPE‘RE'IS"'Q ihelans QHVGE'H@QC@F@Wl

char ges th%x%g@% |Hfé'n‘[’§‘5f3{ ﬁi‘ésé{nf Iﬂvone %rggbb'l{%%?%ﬂfactﬂ}%

load is two rnslnparalel
pi cof anfads 1090mm1mbnam‘s d beft bMMqtmwkﬂimﬂ)@@Q fnhich d:(ahpnaes)ay electronic insert
measur enent

.schepmatj c._sh n Figure 8 rated at
Toet ock Tr dBAnTISESETPRS gseR 00RI IS & ens ThaBRE & adtivafed or
Ref erring '&BWtrPFPed:bQ%H@efle@trohl&%rc%s'cﬁbédi hé%lﬂ%@@xéﬁg‘%%&héﬁg neapbar
lens with an electronic I nsert conprising t | ens er 1n
accor dance dwpehdmgenpadrv,at[enb@rmim $008 mawntp poketine inpeAODémndThe
exenpl ary %g%ggtted 55 power source 1010, such as batteries via one or more electrical
20 interconnect traces 1012. Additional circuitry may also be connected via the
electrical interconnect traces 1012. Circuitry 1008 may include any of the

components set forth herein, including one or more sensors 1014.

Those of ordinary skill in the art will recognize that further embodiments
25 and variations of the variable-focus lens system are possible. The input to the
voltage multiplier may be coupled directly to the power source or it may be
coupled to the output of a voltage regulator. The system may comprise an H-
bridge to provide flexible control of the lens terminal voltages, or the system
may comprise only a simple switch to one terminal with the other terminal
30 grounded, or it may comprise no switches with the lens always coupled in one
way to the voltage multiplier output. Each variation may provide a different

tradeoff between system cost, area and performance or efficiency.
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151000 conprises a soft plastic portion 1002 which conprises an

el ectronic insert 1004. This electronic insert 1004 includes a | ens
1006 which is activated or controlled by the electronics described
herein, for exanple, focusing near or far depending up activation.
Circuitry 1008 roumesexsmoplatthemibnginent] Oedelantioniss @odradettezhico a
power source, 1010 uch as bajterjes via one or re elegtric
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note that the B_o,siti oni.ng .of tae @I e&:groni cs need not be limted to
5the periphe@d 't'?Bnﬂ‘eo‘F'rqu%bQﬂf tiigeq BRESIN MY eAMPrige an¥stitabiec
conponent s 1 K&l i it e Do foko|
t echnol ogy Sgﬁﬁtf%ﬂre? '??: gﬁ’ép@?@ﬁ%@%ﬁc g’F% ﬂéla(itﬂg ﬁgyédj{de@cﬂ%)o*%?&thaérne
utilizédl, mnicketgelktswrdae firisiponents may be placed in any suitable
| ocation as long as they are conpatible with the optics. 10
Although shown and described is what is believed to be the most
practical and preferred embodiments, it is apparent that departures from
specific designs and methods described and shown will suggest themselves to
20  those skilled in the art and may be used without departing from the spirit and
scope of the invention. The present invention is not restricted to the particular
constructions described and illustrated, but should be constructed to cohere

with all modifications that may fall within the scope of the appended claims.
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It is inportant to note that the circuitry described herein may be

i npl emented in hardware, software or a conbinati on of hardware and
software. In addition, the circuit board utilized herein may conprise
any suitable substrate, including copper traces on a flexible
pol yi m de sMAHATASCLWAIMER I85ni ckel - gol d surface finish.

Al t hough shown and described is what is believed to be the nost
practical and preferred enbodinents, it is apparent that departures
from specific desi gRopafichinmd ggg@aq%sgdeﬁgngnd shown wi || suggest

t hensel ves to 20 those skilled in the art and may be used w t hout
departing from tareopighainmicsleyicecegdigofred for useve @t least omaefpn esentthe
invention is not restricted to the particular constructions descri bed

and il ust r¥®d, but shoul d be constructed to cohere with all _
nodi fications t kg elgBiroihialdysint Hodrbdvatsd e tf opMpamhieeRIfE, ehari Ms.
WHAT IS CLAIMED | S: . An opht hal m ¢ apparatus conprising: an

opht hal mi ¢ glegtresiccystenywoatprisitg asentral systemast legstone lens agtuater: snd

Gevi ce, t ne R gl RRRRh Sy RHEERAGE IS PuRer sPh s e BRbGE Gt

one | ens achsgirigadonfigOredaiop (Ve o icenbumptibbdamy one or nore power
sources, the electronic system being configured for | ow power

consunpt i on; andn optic elgRiesbincerapraichinte HivePpinateig dayic. thoptic
opht hal m c dyl Ga.p QR%l%ctr%h%Pé:oBﬁ%ﬂflé&?f al RInSH é@@lﬁ&ﬂ’éb@é for at

controlled tocal 'I'eng confi1gu ast “on vi Sion
correcti on kst wheiodRistorhesmeestiont and hisionpnieanekeerat) theedptig element being

operatively associated with thﬁ el ectronic system 2. The
opht hal ni ¢~ appratiyelyasseeter wihithe elegtiantc sYi#ePei n the ophthal nic
device conprises a contact |ens. 3. The ophthal m ¢ apparat us

according to Claim2, wherein the contact | ens conprises a soft
contact lens. 2. Thelophtmeljchapraius anopeadiag te Clainot divhegretiroti@ ai m 2,

wherein the contac ens conpr.i ses a id soft/rigid contact |ens.
ophtﬂa?mllc (Jev?ce com rlsesaconpe}f:?'iens. 9

3. The ophthalmic apparatus according to Claim 2, wherein the contact

lens comprises a soft contact lens.

4. The ophthalmic apparatus according to Claim 2, wherein the contact

lens comprises a hybrid soft/rigid contact lens.

5. The ophthalmic apparatus according to Claim 1, wherein the

ophthalmic device comprises an intraocular lens.

6. The ophthalmic apparatus according to Claim 1, wherein the at least

one lens actuator comprises at least one high-voltage generator.

7. The ophthalmic apparatus according to Claim 6, wherein the at least

one high-voltage generator comprises a charge pump.
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5. The ophthal m ¢ apparatus according to Caim1l, wherein the

opht hal m ¢ device conprises an intraocul ar |ens. 6. The
opht hal m ¢ apparatus according to Claim1l, wherein the at |east one
| ens actuator conprises at |east one high-voltage generator. 7.

The opht hal m ¢ a@piinatphthatmizr abpayatus éﬁmrdmg toﬂlmrree,m/hémmthd atlebst
one hi gh-vol tage- generat or conprises_a C

opht hal i ¢ aﬁﬁgﬂ %taﬁec%%ﬁrﬁ@rt'%c@fé@%?g to ‘é‘f'é@ﬁQ'ﬁ”‘ét&H”ﬁ%@PSéﬁ%éhe
hi gh-vol tagsp BRS: ,ﬂr is configured to provide a direct current bias
to the optic enen 9. The ophthal m ¢ apparatus according to
Claim6, wherei n the at | east one high- voI tage generat or IS

fi dt t |
appar ot us. accor B ne GPBIBTAPRARILE: ShComing o CLalEt 6 oHBSHTE S, 21 Page
gener at or cgERhigEvoltadd é’éf?&a{cﬁ%céﬁﬁéméﬂ ko ©pBEALBlin BV FIRMioop modd.1-

The ophthal m ¢ apparatus”according to U ai m? wherein the optic
el enent operates |n one of two focal |engths and the | ens actuator
and on states The

t i di t hal
S s acoor dDRErR bpfuBlio Mg Rt fiting fo Claif o bR 2
greater t ha!éa%’e"@né @I@A-V&)l@'@t é@\@'ﬂﬂ)l’%ﬁlﬁtseb@-élbs&ﬂ%dmd@ﬁbk'@bﬁfrol

operates in a corresponding range of . The ophthal m c
appar at us agysteai.ng to Caim1, vvherel n the el ect ronl c system furt her
conprises a switch network that connects the at |east one |ens
actuator to the optic elenent, the switching network configured to

control the cur r1qntTdelﬁh@ﬁm@rabﬁa@@l@stabcbl‘tﬁn@ﬂi Claigl £reinérelr i@ dtr
at | east one |lens actuator. 14. The opht hal m ¢ apparat us

accordi ng t elementepesategtie pae of twe fegal denathy anditbp lens aCtUaler 0pGTaIBE én

to discharg I AESH 15. The opht hal m ¢ apparat us
accordi ng t‘go'%?%f m’ljég%]\?\/r?@rel nSttaF'ue ‘'swi tching network is configurable

to vary the bias provided to the optic elenent in an alternating
current manner. 16. The ophthal mc Sﬁarat us accordin

Caim 13, whereild- tHhe @Wth@}ﬁ?'ﬁ@prﬁ)@f%ﬁ'ﬁl@chrqi f9 flamp] vhgrem toﬁt}?e
optic el eme@rtardow 2 8'& %Qs |§8"é§tépﬂﬁaﬁttﬁfoq'ofz8| BRGNS HY RRldttesdt IR Ens

bias while a e at "l east one lens actlator to conserve power.
17. The ophattabtoropeppasat aconaspodding raag€lcdibiasl, wherein t he
el ectronic systemis inplenmented on an integrated circuit.

13. The ophthalmic apparatus according to Claim 1, wherein the
electronic system further comprises a switch network that connects the at
least one lens actuator to the optic element, the switching network configured
to control the current and bias provided to the optic element from the at least

one lens actuator.

14. The ophthalmic apparatus according to Claim 13, wherein the

switching network is configurable to discharge the optic element.
15. The ophthalmic apparatus according to Claim 13, wherein the

switching network is configurable to vary the bias provided to the optic

element in an alternating current manner.
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18. The ophthal m ¢ apparatus according to Claim1, wherein the at

| east one lens actuator is inplenmented in an integrated circuit.

19. The ophthal m c apparatus according to Claiml1l, wherein the optic
el enent conprises a liquid neniscus |ens. 20. The ophthal m c
appar at us accor difagThe ophtiialmic, apparaisraadesdiog o &laimpi 2, Woeksin §wur ces

G arm 17, wABRETRS v s FParil Ry R PRoR e PBAE Sl ErHiBh biddon

i ncor por at egiAAt® nHintalit OpRPEldhRsht biPWAIIS BllGWing theait tbast one leR®. The
opht hal m ¢ apparatus according to Caim 21, wherein the circuit board

i s confi gur aeiugtorda GERRENEPAWeIg and formed into a conical section
for incorporation into a contact |ens. 23. The ophthal mc
apparatus according to Claim2l, wherein the circuit board is

configured as an7armig aphthahgicadpparatusestcording o OMiht®| whedin the f or
I ncorporation into an intraocular lens. 24. The ophthal mc
appar at us agEstranissystertiainmplemenipd pgian infrgratadeeiialithoar d conpri ses
at | east one of a polymer or plastic insert with netalized traces.

18. The ophthalmic apparatus according to Claim 1, wherein the at

least one lens actuator is implemented in an integrated circuit.

19. The ophthalmic apparatus according to Claim 1, wherein the optic

element comprises a liquid meniscus lens.

20. The ophthalmic apparatus according to Claim 1, wherein the one or

maore power sources comprise a battery.

21. The ophthalmic apparatus according to Claim 17, wherein the
integrated circuit is at least one of incorporated onto or incorporated intoc a

circuit board.

22. The ophthalmic apparatus according to Claim 21, wherein the circuit
board is configured as an annular ring and formed into a conical section for

incorporation into a contact lens.

23. The ophthalmic apparatus according to Claim 21, wherein the circuit
board is configured as an annular ring and formed into a conical section for

incorporation into an intraocular lens.
24. The ophthalmic apparatus according to Claim 21, wherein the circuit

board comprises at least one of a polymer or plastic insert with metalized

traces.

32



