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I nvention The present invention relates to a variable-optic
E%freﬁ]dc% StEM COMRANERFIR YAMABL R BP1TE A BGTRONIE VPN THALMIC
ophthalmc lens. 2. Discussion of tHeERSI ated Art As el ectronic
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aspects of body chem stry, adm nistering controll ed dosages of
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5 This patent application claims the benefit of U.S. Provisional Patent Application
No. 61/619,727, filed April 3, 2012 and U.S. Provisional Patent Application No.
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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 a system controller for controlling a variable-

15  optic electronic ophthalmic lens.

2. Discussion of the Related Art

As electronic devices continue to be miniaturized, it is becoming increasingly
20  more likely to create wearable or embeddable microelectronic 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
25 such devices 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
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i ncluding automatically, in response to neasurenents, or in response
to external control signals, and augnenting the performance of organs
or tissues. Exanples of 25such devices include glucose infusion
punps, pacenakers, defibrillators, ventricular assist devices and
neurostimulators. A new, particularly useful field of application is
i n opht hal m c wearabl e | enses and contact |enses. For exanple, a
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brain at a rate exceeding that of a high-speed internet connection.
Lenses, such as contact |enses and intraocul ar | enses, currently are
utilfi zed tolbehuEEn ayeshamtheethiiy & @lacwnanlllm@mf@otqn%at@Iaj leasitinioss)
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15 properly de5|gned Ienses incorporating additional components may be utilized to

enhance vision as well as to correct vision defects.

Contact l[enses may be utilized to correct myopia, hyperopia, astigmatism as well
as other visual acuity defects. Contact [enses may also be utilized to enhance the

20 natural appearance of the wearer's eyes. Contact lenses or “contacts” are simply
lenses placed on the anterior surface of the eye. Contact lenses are considered
medical devices and may be worn to correct vision and/or for cosmetic or other
therapeutic reasons. Contact ienses have been utilized commercially to improve vision
since the 1950s. Early contact lenses were made or fabricated from hard materials,

25 were relatively expensive and fragile. In addition, these early contact lenses were
fabricated from materials that did not allow sufficient oxygen fransmission through the
contact lens to the conjunctiva and cornea which potentially could cause a number of
adverse clinical effects. Although these contact lenses are still utilized, they are not
suitable for all patients due to their poor initial comfort. Later developments in the field

30 gave rise to soft contact lenses, based upon hydrogels, which are extremely popular



| enses placed on the anterior surface of the eye. Contact |enses are
consi dered nedi cal devices and may be worn to correct vision and/or
for cosnetic or other therapeutic reasons. Contact |enses have been
utilized commercially to inprove vision since the 1950s. Early
contact | enses were nade or fabricated fromhard materials, 25were
relatively expensive and fragile. In addition, these early contact
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20 cues from a navigation system, and to provide image processing and 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 and even provide wakeup alerts. Alternately, orin

25 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
heaith indicators. For example, sensors built into the [enses may allow a diabetic
patient to keep tabs on blood sugar levels by analyzing components of the tear film
without the need for drawing blood. In addition, an appropriately configured lens may

30 incorporate sensors for monitoring cholesterol, sodium, and potassium levels, as well

3



The | enses may be designed to allow the wearer to see in lowlight
conditions. The properly designed el ectronics and/or arrangenent of
el ectronics on lenses nmay allow for projecting an inmage onto the
retina, for exanple, w thout a variable-focus optic |ens, provide
novel ty i mage displays and even provide wakeup alerts. Alternately,
or in 25addition to any of these functions or simlar functions, the
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More specifically, the 1.5 square centimeters of transparent polymer represents
the entire area of the contact lens. |n certain exemplary embodiments, it is preferable
20 that the electronics be in the periphery of the lens and out of the optic zone. Alternate
exemplary embodiments are also possible utilizing thin-film materials or transparent
silicon. In the above example, if the center eight (8) mm diameter portion (4 mm
radius) is reserved for the optic zone, then at most one (1) square centimeter is left for
the electronics. Future designs may offer even less area for electronics, for example,
25  there may be designs with annular rings of about 0.17 square centimeters (17 square
millimeters) not including the variable-focus optic. What this means is that a maximum
IC die area of just 1.26 square millimeters for a given die may be available to work with.
In other words, what is needed in the present invention is a design and configuration of
an unprecedented scale.
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for the wearer with the added thickness of additional conponents.
More specifically, the 1.5 square centineters of transparent polyner
represents the entire area of the contact lens. In certain exenplary
enbodi ments, it is preferable 20that the el ectronics be in the

peri phery of the lens and out of the optic zone. Alternate exenplary
enbodi ments are al so possible utilizing thin-filmmterials or

transparent ,silicon. In the above exanple, if the center eight (8)
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In addition, because of the complexity of the functionality associated with a

powered lens and the high level of interaction between all of the components

20 comprising a powered lens, there is a need to coordinate and control the overall
operation of the electronics and optics comprising a powered ophthalmic lens.
Commercial microcontrollers have been considered for the control of electronic
ophthalmic devices; however, the microcontrollers currently available have a number of
drawbacks for use in an electronic ophthalmic device. These microcontrollers are

25  currently about five (5) square millimeters, with edge dimensions longer than permitted
in some ophthalmic device designs and die thickness on the order of hundreds of
microns, again too large for an ophthalmic device. Commercial microcontrollers are not
specifically tailored to the requirements of an ophthalmic electronic system, and thus
may contain functional blocks not required, wasting space and current, or not contain

30 required functional blocks. Other limitations prevent commercially available
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15need for a systemthat is optimzed for |ow cost, long-term
reliable service, safety and size while providing the required power.
In addition, because of the conplexity of the functionality
associated with a powered lens and the high I evel of interaction
between all of the conponents 20 conprising a powered lens, there is
a need to coordinate and control the overall operation of the
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to an unacceptable drop in the
15 embedded in the powered lens that is designed and configured to minimize the overall
power consumption of the system. The system controller should be responsive to
changing conditions both external to and within the powered lens so as to provide an
optimal combination of functionality or performance while minimizing power
consumption. [n addition the system controller should preferably require or consume a
20 volume and area small enough for integration into a contact lens along with other

required components.

SUMMARY OF THE INVENTION

25
The system controller, including the electronic circuitry and control algorithms for
controlling a variable optic ophthalmic lens, of the present invention overcomes the

disadvantages associated with the prior art as briefly described above.



10 battery out put voltage and the average current woul d deplete the
battery charge too rapidly for the required battery life of the
powered | ens system Accordingly, there is a need for a system
controll er capable of providing flexible operation of the electronic
and el ectromechani cal or el ectrochem cal systens 15 enbedded in the
powered lens that is designed and configured to mnimze the overal
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as bri efdcirodegpetibacdvadoy felds. The present invention reI ates to
a powered contact | ens conprising an electronic system which
performs any number of functions, including actuating a
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The sys
controller incorporated into the electronic system for controlling the operation thereof,

the system controller being configured to implement a master state machine that
receives at least one signal and outputs at least one signal, electronic circuitry

15 incorporated into the electronic system, the electronic circuitry being operatively
associated with and providing power to the system controller, the electronic circuitry
including one or more power sources and one or more of clock generation circuits or
inputs, and at least one actuator configured to receive the at least one output from the

system controller.

20 The system controller comprises a set of state machines, implemented in digital
logic, which controls components of the system. The system controller may receive
power, bias and one or more clock signals from the power management circuitry and
the clock generation circuitry. The system controller executes pre-determined or pre-
programmed operations which are designed into the digital logic. The system controller

25 performs a number of functions, including triggering one or more sensors to acquire one
or more samples of signals provided by the one or more sensors (sensor inputs), storing
sensor inputs, comparing sensor inputs to programmed patterns, determining the next
action to take and the next state of the system based upon the current state of the

system and the sensor inputs or stored sensor inputs, and activating and deactivating



may further conprise circuits that performblink detection via
incident light or other electromagnetic waves or fields. In
accordance with one aspect, the present invention is directed to an
opht hal m ¢ 10 apparatus. The ophthal m ¢ apparatus conprises an

el ectronic systemincorporated into an ophthal m ¢ device configured
for use in at least one of in or on the eye, a systemcontroller
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The systemcontroller of the present invention offers a safe,

| ow-cost, reliable 5neans for controlling a variable-optic electronic
contact | enBigutd tis ablwkldisgran @yréstntation of an exemplary variable-focus lens

system in accordance with the present invention.

20 Figure 2 is a block diagram representation of an integrated portion of the

variable-focus lens system of Figure 1.

Figure 3 is an exemplary state transition diagram for a master state machine of
the system controller of the present invention.
25
Figure 4 is a timing diagram of a first exemplary sequence of the operation of the
clock and reset generator and master sate machine in accordance with the present
invention.



of power consunption and is scalable in area, volune and the |ike for
I ncorporation into an ophthal m c device, such as a contact |ens,

W t hout significant inpact on confort or wearability. 10 BRI EF
DESCRI PTI ON OF THE DRAW NGS The foregoing and ot her
features and advantages of the invention will be apparent fromthe
followi ng, nore particular description of preferred enbodi nents of
the 15inventd on, -as _iJlustrated i.n fhe acco nyi na drawi ngs. .
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20Figure 2 is a block diagramrepresentation of an integrated portion
of the!R¥NfiaB e-focus | ens system of Figure 1. Figure 3 is an
exenplary state transition diagramfor a naster state nachine of the
systemcontroll er of the present invention. 25 Figure 4 is a timng
di agr am of &idure 6A ieremxbanged tmedrarae dmingdiagpen af thensexfond rexeoi pbark

and re ene r X chi,ne ipn.,accordance wth the
ot esenEEMER: 7 ghe eo8ritoR e uR BBk nTR6cERneuSCARLIRRRS 4le Debifa of
exenpl #gurs &gnereerdahcé hithahe paddepnimvkentiie cl ock and reset generator
and master sate machine in accordance with the present invention.

Figure 6 is a block diagram of a portion of the clock and reset generator of the

10 exemplary control system in accordance with the present invention.

Figure 7 is a diagrammatic representation of an exemplary electronic insert,
including a control system, for a powered contact lens in accordance with the present
invention.

15

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Conventional contact lenses are polymeric structures with specific shapes to

20 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, controi circuits, 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

25  correct vision, but to enhance vision as well as provide additional functionality as is
explained herein. Electronic and/or powered contact lenses may be designed to
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

30 speech into captions in real time, to offer visual cues from a navigation system, and to



S5Figure 5A is an expanded time frane timng di agram of the second
exenpl ary sequence of the operation of the clock and reset generator
and naster sate nmachine of Figure 5 in accordance with the present

i nventi on. Figure 6 is a block diagramof a portion of
the clock and reset generator of the 10 exenplary control systemin
accordance wth the present invention. Figure 7 is a

di agranmati c. represent ation of an.exemnl | ectronic insert
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exahpl ever provids wakevpialests. wilterngielycesisadsjtiondmanyiaf dhésenfudetio nsesy,

it S eRE R et SR ey b b cbhiebRe Bl 36 e g lnvasive
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s oxpPaiviat e s rernelon aicdabils Rt ioiasp ‘8BnORIOTLHAEE o B
desi gnedalSing R AR GIAE feat fith AitHouR 1B for BPSviAG BIBARL! Lin addition,

capabilities, or just sinply nodifying the refractive capabilities of
t hao | eapeppramristely sanfiguiad lens pevincempareie seitsoreios aoniwying ehdlestegoled

tr anol 30005 SpE AR o8 ee & ABP bR i Brre. Y ERip &G it
f r om awireldsgalata trassmaltemcoalddllbe a physician to have almost immediate access to a
patient's blood chemistry without the need for the patient to waste time getting to a
laboratory and having blood drawn. In addition, sensors built into the lenses may be
15 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 comprises the

necessary elements to correct and/or enhance the vision of patients with one or more of

20 the above described vision defects or otherwise perform a useful ophthalmic function.
In addition, they may be utilized simply to enhance normal vision or provide a wide
variety of functionality as described above. The electronic contact lens may comprise a
variable focus optic lens, an assembled front optic embedded into a contact lens or just
simply embedding electronics without a lens for any suitable functionality. The

25 electronic lens of the present invention may be incorporated into any number of contact
lenses as described above. |n addition, intraocular lenses may also incorporate the
various components and functionality described herein. However, for ease of
explanation, the disclosure will focus on an electronic contact lens to correct vision
defects intended for single-use daily disposability.

30
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provi de i mage processing and internet access. The | enses may be
designed to allow the wearer to see in low |light conditions. The
properly designed el ectronics and/ or arrangenent of electronics on

| enses may allow for projecting an image onto the retina, for
exanple, without a variable focus optic lens, provide novelty inmge
di spl ays and 5even provide wakeup alerts. Alternately, or in addition

to any of these functions or simlar functions, the contact, | enses .
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optic el id;ﬁ,q) SN j i i
el ect rgﬁ?fcﬁs W Itn hout fghl ensé\&%eré' gﬂ@fﬁ@gg&@g{%ﬁ@g@ |t3}§’th'ﬁgreé nt
el &t r mwieotidreissutiized econtactdensasmrdniraenulardgngss. i ncor porated i nto any
nunmber of contact | enses as descri bed above. In addition, intraocul ar
| enses may al so incorporate the various conponents and functionality

descri bed hEhepreseHpineertion fsafireeisktodd pexplcainaihtioaimid laas dr polvesad e
will fOCL{S on an el ectroni (i contact | ens hﬁ% correct vi _sibon def ects

i nt endeeNtPeyIeas AYMBIIHEE afFIPGrllic Byam: Whigh acigates a variable-focus optic or

any other device or devices configured to implement any number of numerous functions
20 that may be performed. The electronic system includes one or more batteries or other
power sources, power 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.

25
It is important to note that the system controller of the present invention 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 distant objects and zooming out on close objects.
30
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Thr oughout the specification the terns ophthal m c device and
ophthal mc device are utilized. In general terns, an ophthalmc
devi ce may include contact |enses, intraocul ar |enses, spectacle
| enses and punctal plugs. However, in accordance with the present
i nvention, an ophthal m c device is one for eye di sease treatnent,
vi sion 5correction and/ or enhancenent and preferably includes at
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order bpnigregdskendn erfemae:kobms@mmt azsoniibii lbep tnhelua]hgmtor more
I nvention may b ed in an of t hese_devi n preferred
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| enses pefnt bF‘Féfél%?le@'éldee ﬂﬁ%fhy feedback cBhﬁ‘opé)%?@ﬁt ohdHE8dd ﬁﬂ(doﬁv what the
directed to a powered ophtha l'ens or powered contact |ens

cofpri systgmeis tedectorknove h@\ysw@lrthe\msf@m isqranoreing and te e ¢hd pedermance
optic fo ARt S rgﬁﬁ’éﬁc?cc?ﬁtrcggﬂ% ﬁgsﬁer%o”f'gured to inplement any

nurber 07 RUREr TS T unat Ons nmay be perforned. The el ectronic
system i ncl udes one or rmre batteries or other power sources, power
managenment i_brcwtr

sSens cl oc enerati,on
Crreatry. hREPEPolEnBHT RS bR eRHERCR g ok Setard nEohee gpscribed as

al gori dugtvs. amé ! syétémrcdhhﬁ%ttﬁa system tecélaeyccﬁ{troné@aﬁd is
conmponents may vary depending on the required or desired

f ubt i 6pRIgUred T receivel aisipuband provide an ouiput. e PuiRUt Pbthedrlentis input ke
syst e
o RSN o P SRRl PUERAER, SPe FRRR P O S BVl
exarrpl gignal. C'Eim mtlbhelnﬂgnalnptthen suptenctert, iveeba eopnmeatooptt othepbdtadig or
vari abl e- foc C{ tic for zP{)m nr% n on_di st.ant cm ects and zo%m' n
out Onr‘r@agge %’BJ g%frbout gignal to ge rate an error signal. e error signal 1s then |r9put
to a controller which outputs a signal to the plant thereby causing the plant to implement
20 the desired action. Essentially, the feedback from the sensor attempts to account for all
of the complexities of the entire system and produces an output that is the desired resuit
for a given input. All control systems are designed within the conﬁlnes of certain control
laws and typically represent tradeoffs in various aspects, including speed and accuracy.
Although this description is overly simplified and described in terms of hardware, it
25 provides the basis for feedback control systems which may be implemented in

hardware, software or any combination thereof.

Feedback control systems may be further classified as proportional controllers,
integral controllers, derivative controllers or combinations thereof. In a proportional

30 controller, the control action is proportional to the error. In an integral controller, the
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A systemcontroller or control system conprises one or nore devices
configured to nmanage, command, direct and/or regulate the actions of
ot her devices and/or systens. While there are a nunber of different
types of control systens, they generally fall into two classes or
types; nanely, logic or sequential control systens and feedback 5or
| i near control systens. In a Iogic or sequential control system
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the systemis performng, 0 use t e per mance in nto
cor B ecintagrdl comirellsr. t he system The conponents of the ba5| c feedback
control system may be described as follows. The control system
conprises the systemor plant to be controlled and is 15configured to
recei ve an jAngadueatial qantrgilele agsedisithuibovéie opetinuihicH atsbﬁe@bﬁ@étudn%

I nput to a,sensor. which_nea ne nore paranpeters of the p
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signal to generate an error signal. The error si I's then Thnput to
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pl ant echgﬂfcgpgé}{onsz%rﬁ nﬂ'ﬁglﬁlé %qlgﬁght?glqrggﬁg %Eraolt:OX’tr {ri etgeb ack

fromthesensor {0 accou the conp eX|

t he enprd@ammcbfmraeqh@ﬂmdmman output that is the desired result
for a given input. Al control systens are designed within the
confines of certain control laws and typically represent tradeoffs in

various aSp?ﬁé%ystbﬁPé&ﬂﬁdﬂgr mg raskht AeEniaR Ys prithbRREISedutingal control
description is over and described in térnms of hardware,

it 125 pyslemdbeugmi mébegppwat@@@uém sisbied adisap fRatdhe sypieghcantspllseor
'FSELES%Z‘*%%%% s PO with GG B P b fiblcf B R hBEhee REERS o fospond
cont r otd feesback provided by sensor inputs. Examples of such operatlons may include
altering a duty cycle or power level of a subsystem in response to lower battery
capacity, adjusting an internal clock frequency to synchronize to a frequency associated
20  with received signals, and/or regulating an amount of therapeutic agent or drug

delivered to the tear film of the eye in response to a measurement of tear film chemistry.

As set forth above, the present invention relates to a contact lens comprising a
number of components, with the system controller being one of these components. The
25  proper combination of devices could yield potentially unlimited functionality; however,
there are a number of difficulties associated with the incorporation of extra components
on a piece of optical-grade polymer that makes up the contact lens. In general, it is
difficult to manufacture such components directly on the lens for a number of reasons,
as well as mounting and interconnecting planar devices on a non-planar surface. Itis

30  also difficult to manufacture to scale and form. The components to be placed on or in
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integral controllers, derivative controllers or conbinations thereof.
In a proportional 30controller, 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 offers

its o vant a s 1S.known trl.ar .- For exanple, a
st sady g 18 MePHdp BBl LR bl e Ao R 1 A fieef BBt
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one in which a series of actions need to occur in a specific ord
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conprise logic systens to sequence conmands for contro

el ekt r additionaldyoonparenkani cal actions. Programmabl e | ogic controllers
and m crocontrollers may be programmed for sequential control. The
system control |l er of the present invention is primarily a sequenti al

control 15sysadiiidrnRUGs side WaulreenaPisteeitiahedih)eldd@nikadliesk arti san
that the system controller or subsystens associated with the system

cont r olNCEMraEt IFGGR SRR aPUERE BEYR 2 b6 Bobus SpRatefor seaman csrenialid
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duty c e or power level of a subsystemin response to
capeci agd 1dpersenhgplids, mnwmlecimiyﬂesmueh@emo;iiwm Etastiuroncadeiutry a
freque 20 W recej ved and/ or | ng an

ampunt TP BB Sad g it St by FeunrGaR el e RenBeR bR IS “The
eye i nint@gpod ekctron@s MRS rceneitt lablset @ds générallg Hesiyséd 36 be worn for at
least four hours and preferably ionger than eight hours. Electronic components require
energy. This energy may be supplied from any number of sources, including built-in
15  batteries. Since batteries and other potential energy sources have limited potential at
these sizes, all electronic components, including the system controller, are preferably
designed to consume as little power as possible so that the contact lenses may be worn
for a given period of time even after sitting idle for a given period of time (shelf life).
Finally, all components in an electronic contact lens have to be biocompatible and safe.
20 Accordingly, all electronics incorporated into the contact lens have to meet all of the
above design parameters; namely, size, survivability in an aqueous solution, power
consumption and safety. The system controller of the present invention meets all of

these requirements.

25 Referring now to Figure 1, there is illustrated an exemplary embodiment of a
variable-focus electronic ophthalmic lens system comprising a power source 100, a
power management circuit 102, a system controller 104, an H-bridge-controller 106, a
voltage multiplier 108, an H-bridge 110, a variable-focus optic 112, a sensor 114 and a
sensor signal path 116. A detailed description of each of the components set forth

30 above is given subsequently. It is important to note that each of the components
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As set forth above, the present invention relates to a contact |ens
conprising a nunber of conponents, wth the systemcontroller being
one of these conponents. The 25proper conbination of devices could
yield potentially unlimted functionality; however, there are a
nunber of difficulties associated with the incorporation of extra
conponents on a piece of optical grade pol ymer that makes up t he
cont act s di.fficult ture s
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It is 30also difficult to manufacture to scale and form
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eye. It is also difficult to nake a contact |ens confortable and safe
for the wearer with the added thickness of 5additional conponents.
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devi ces incorporated into a contact |ens have to be robust and safe
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supplied from any nu sour.ces, |nclud|n? built-in 15batteries.
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pot ent I CRAR
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as1pos sc@rélngb/ thege is aacedrerdbe dthersircuiinydaseribgt herein. The power source
100 may comprise a battery, an energy harvester, a capacitor or any similar device

providing current at a usable working voltage. [n some exemplary embodiments, the
power source 100 may be an inductive power coupling to an external power supply.
The power management circuit 102 may comprise one or more voltage regulators,

20 converters, voltage or current references, and switches to selectively enable power
supplied to other components in the variable-focus electronic ophthalmic lens 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

25  voltage from the power source 100 and generates a high output 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. [n this exemplary
embodiment, the voltage multiplier output is coupled to the variable-focus optic 112

30 through an H-bridge switch circuit 110, the H-bridge switch being a well known
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for a given period of time even after sitting idle for a given period
of time (shelf life). Finally, all conmponents in an electronic
contact | ens have to be bioconpatible and safe. 20 Accordingly, al

el ectronics incorporated into the contact | ens have to neet all of

t he above design paraneters; nanely, size, survivability in an
aqueous sol ution, power consunption and safety. The system controller
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dilation sensor, an emitter-detector pair sensor, a blink detection sensor or any
combination of sensors. The sensor signal path 116 comprises circuitry adapted fo
receive an output signal of the sensor 114 and process the signal to achieve desired
20 noise filtering, amplification or other modifications and provide a conditioned sensor
signal to the system controller 104. The sensor signal path 116 may be controlled by
the system controller 104 such as to enable or disable the circuitry or modify operating
parameters of the circuitry such as a gain or one or more filter corner frequencies. In
some exemplary embodiments, the variable-focus electronic ophthalmic lens system

25 may comprise one or more sensors and sensor signal paths of similar or different types.

The system controller 104 comprises a digital control system which controls
components of the system and may be implemented as either a microcontroller running
software or in digital logic such as one or more state machines. It is important to note

30 that regardless of how the system controller 104 is implemented, it is designed and
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15accordingly, there is a need for the other circuitry described
herein. The power source 100 may conprise a battery, an energy
harvester, a capacitor or any sim/lar device providing current at a
usabl e worki ng voltage. In sone exenplary enbodi ments, the power
source 100 may be an inductive power coupling to an external power
supply. The power managenent circuit 102 nmay conpri se one or nore
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o e P90 A3 AL, BB i o ot 208 Pl e
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mul ti e

T bEPAEEaa8 ARG 35l Pl AR HioR b A P S Y e
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T04 coRRTBPNER MBS RRG e s Ry M COREUI DIgTReg oS
conf i gpfRflamiicdl BRRuGM vdRUS itbAhESs toSaleh itdopdtdtiant he vari abl e-focus
optic 1127 term nals open, shorted to ground, or powered with one

t el nal coupled to the voltage nultiplier 108 and the other to

ground, or ' | i : er

104 "y per | DTS 2RIsbeldi i PORRHTLBA, AfbAliiety of IF rE3ieRE 68Abh Bt

ci r cui varidnléd-focustgdedtranic opiithainzie [er‘rs&sysmm,omﬂmpamcufartlbmu provided for a

vari abl e-focus.,optic 11 for e e, 1o .ayvoi |ve char ge

! F appi P RO R e At B eyt B e 16GRREN 4 ong.
semiconductor die. The integrated portion of the variable-focus lens subsystem

20 comprises a voltage regulator vreg 200, a low frequency oscillator 202, a regulator-

based power-on reset circuit vdd_por 204, and a system controller 206.

The voltage regulator vreg 200 is coupled to a battery or external power source
and provides a regulated voltage for other circuits in the system, in particular to the
25 system controller 206. The regulator-based power-on reset circuit vdd_por 204 is
coupled to the regulator output, provides a reset signal por_rst_n that indicates when
the regulator output voltage is stable at a usable voltage level, and ensures that
registers in the system controller 206 are reset to a desired default starting state at
system power-up. The low frequency oscillator 202 provides a low frequency clock

30 signal If_clk to the system controller 2086.
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The sensor 114 may be a light sensor such as a photodi ode, a pressure
sensor, a capacitive touch sensor, or an el ectromagnetic coil or
antenna to sense radio 15 frequency or | ow frequency el ectromagnetic
signals. The sensor 114 may al so conprise an eyelid position sensor,
a pupil convergence sensor, a rear-facing pupil dilation sensor, an
emtter-detector pair sensor, a blink detection sensor or any

conbi nati on of sensors. The sensor signal path 116 conpri ses
circuitry adapted to receive an output signal of the sensor 114 and

process t helpirggakerhplaRcmbuEinttRg) thedy2@Rotsstrdliel PO6 icdprises a master
anplification or other podifications and provide a conditioned sensor

si gnal state Meshingmastercfim A0Bed ciask antHeselgrnsrater gharstgen 210s apigital
be Conbn@#h@@cﬁan gbﬁsﬁge?ﬁ %@mwm,%@@é réHé‘lberas%bts%tf%ﬂ?ﬁige rR216, and

di sabl e e circultr y operatiing paranmeters’o ecircultry
such a9 chaggs-pump \witage mutiiplier tohtraller lig nep 218.edheminoksand nessioganerator

Syet enche b SRR e id P, A R oA SRS PE M oo
si m | apo@er-gnirésstaingnd yResrst_n and pfdedsyabeis santgsetd ©rthé Gockeimttieses
a digital control Séstem whi ch control s conponents of the system and

may be SYSHBMEFRIEOIEr 246.of b Brastengtaledpashing master_fam ¢ woetRaestate i n

di git a#ndcﬂﬁie%léél@&gﬁél SHBIKSNd BBt Stb3hEcHIRE Pi 8 Signhf smeIK_ TBOH Rdth the
note 30t hat regardfess of how the system controll'er 104 15

i npo ensleck@ndires¢tgamesatghelk_sstdgen@ifi gihegdaster swte mashpnsrmasteri fsno a

Cre | npo eafterBar Aal Hien S R friBdses oA P RYTTFRRE TRlsnBR ot
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e e L
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Figure 2 described below). The |ow frequéncy oscillator 202 may be
st &hd afendatarfrgyaen asfalagro-@oitelrcomsadee meh digitalogreivgr awmsysteredig gsxem

wni ch 4 EmabSori & BB RECHFAT] AFfu e R R ORVAITRE o0 BihelT
per f or rs_em fouariakbrecelvefdate bh @nsgnalrg| daliarfgom a receiver subsystem. The receiver
subsystem may comprise a separate sensor and sensor signal path in the variable-
focus lens system. The charge-pump voltage multiplier controller dig_cp 218 may
20 comprise logic to decode a latched or stored value in the system controller 206 and
provide a charge pump enable signat cp_an_en to a charge pump voltage multiplier.
The behavior of the signals and blocks illustrated in Figure 2 are explained further in the

descriptions of Figure 3 and Figure 4 subsequently.

25 Figure 3 illustrates a state transition diagram for the master state machine
master_fsm 208 of the exemplary embodiment illustrated in Figure 2. The initial state
is an IDLE state 300 in which the master state machine master_fsm 208 is placed
when the reset signal smclk_rst_n from the clock and reset generator clk_rst_gen 210
is asserted (active low in this exemplary embodiment). On the first state machine clock

30 edge on smclk the master state machine master_fsm 208 fransitions to the BLINK
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10 triggering one or nore sensors to acquire one or nore sanples,
storing sensor inputs, conparing sensor inputs to progranmed
patterns, determ ning the next action to take based upon the current
state of the system and activating and deactivating other conponents
conprising the system The systemcontroller 104 nay al so be
programmed t hrough various interfaces to alter its operation. 1

5
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controller 206 are reset to a desired default starting state at

sy 38 enflithes -Appthehpatiesp naxbe dRes togeter psopImygoatinnyipcgatiornmogg: The
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In this exenp ment thesstemcontr nprises a
mast er vaIUaﬂaichmtm he BHNK&ta@ﬂQZ@@eltlaerdhetﬂé( shate Bed et t@e@Brzﬂater'&OG as

i ot aineReted fone sk e Bhind abris B RE SeEnGt SRKEIEG R it A o sioncs
mul ti pHeRcteaINin Hlel X sthtg 308, hbtnadtBestofiaching maser_feeme08iepebles the
15 digital receiver subsystem dig_rx 216 by asserting a signal rx_go. The digital receiver
subsystem dig_rx 216 may enable and receive data from a communication receiver
using the rx_en and rx_data si'gnals. In the RX state 304 the master state machine
master_fsm 208 similarly waits or holds in this state until an rx_done signal is received
indicating that the receiver operations are complete and it then transitions to the CP
20 state 306. Inthe CP state 306 the master state machine master_fsm 208 enables the
charge-pump voltage multiplier controller dig_cp 218 by asserting a signal cp_go to
update the state of the charge pump control signals based on the values received from
either the digital blink detection subsystem dig_blink 214 or the communication
receiver operation dig_rx 216. [n this exemplary embodiment, the charge-pump
25 voltage multiplier controller dig_cp 218 requires only one clock cycle to update so that
no corresponding done signal is required. The master state machine master_fsm 208
then transitions to the DONE state 308 and remains there until reset by the

smclk_rst_n signal.
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cl k_rst_gen 210 receives the | ow frequency clock signal If clk and

t he regul at or - based power-on reset signal por_rst_n and provides

cl ocks and resets to the blocks in the systemcontroller 206. The
master state nachine master_fsm 208 receives a state nmachi ne cl ock
signal sntlk and the state machi ne reset signal snclk rst_n fromthe
10 cl ock and reset generator clk_rst_gen 210. The nmaster state
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enable a high-frequency clock source for the analog-to-digital converter when the

20 analog-to-digital converter is active. When the digital blink detection subsystem
dig_blink 214 operations are complete the bl_done signal is asserted to the master
state machine master_fsm 208 which then disables the bl_go signal thereby resetting
the dig_blink state machine 214. As illustrated in this exemplary timing diagram, the
system then transitions to the CP state 306 in which the charge pump voltage multiplier

25 controller dig_cp 218 asserts an enable signal cp_an_en to activate the charge pump
voltage multiplier 108 (Figure 1). The cp_an_en signal may be used further to enable a
high-frequency clock source for the charge pump voltage multiplier 108 when the
charge pump voltage multiplier 108 is active. The master state machine master_fsm
208 then transitions to its DONE state 308 at which point the clock and reset generator

30 clk_rst_gen 210 re-asserts the reset signal smelk_rst_n and disables the state
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5 The master state machine nmaster fsm 208 may |atch or store an

out put value of the digital blink detection subsystemdig blink 214
into a register for further decoding or processing. The output val ue
may be based on detection of a sequence of light levels or blink
patterns that match a predeterm ned or programmable pattern. One
pattern may be used to update the state of the charge-punp voltage
mul tiplier cotroller di,g.cp. Anot her pattern 0 enter a
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microsecond clock rate. This behawor is illustrated in the circled portion 501 of the

signals adc_en, adc_done and adc_clk where it is sown that the adc_clk signal is
enabled when adc_en is asserted (active high) and is disabled when adc_done is

30 asserted (active high) by the analog to digital converter. In some further exemplary
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subsystem di g _blink 214. The digital blink detection subsystem
dig_blink 214 asserts the signal adc_en to enable an

anal og-to-digital converter associated with the digital blink
detection subsystemdi g _blink 214. The adc_en signal nmay be used
further to enable a high-frequency cl ock source for the

anal og-to-digital converter when the 20anal og-to-digital converter IS
active. I nk detection,su
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detection subsystem dig_blink 214 1 be Used in the sensor signal
path to enabl e a hi gh-speed anal og-to- d| gital converter clock

ade_cl k. Thﬁggteg@A (g\ﬁﬂesagﬁ'n tréf?oﬁjbtgé L&l ofcs%'&p%éf%alg# 8§§-aﬁﬁ§si§1 for15Y

be i npl ement associ a Sensor st gna GEK
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si gnal t he ?al o] -tod| ital conyver ho i ndi c Its

oper at yig{t? Y U g¢ys initia e en the cloc and reset
generator de asserts the master state machme reset smclk_rst_n and provides state

20 machine clocks on the smclk signal. The system controller state machines follow a
sequence of operations as in Figure 5 and the operations complete within a duration
Tactive of 3.125 milliseconds (ms). As is clear from the illustration, the only active
circuits for the remainder of the 0.1 second interval Twake are the voltage regulator,
low-frequency clock and counter. A second wake up sequence is initiated at the end of

25 the interval Twake when the clock and reset generator de-assert the master state

machine reset smclk_rst_n and provides state machine clocks on the smclk signal.

Figure 6 illustrates an exemplary embodiment of a portion of the clock and reset
generator clk_rst_gen 210. The clock and reset generator clk_rst_gen 210 comprises

30 a wake counter 600, a wake detect circuit 602, a go register 604, a state machine
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15enbodi ments of the present invention, the high-speed

anal og-to-digital converter clock adc_clk nmay be di sabl ed or gated
of f, when the adc_done signal is asserted. In this manner the

hi gh- speed anal og-to-digital converter clock adc_clk is active for
the mninumtime required for the anal og-to-digital converter to
conplete its operations. It will be appreciated that gating by the
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cur r enmazhineonpsterdfsng 2084s aysurdd. TIRsgo eibhnal Br@roeided té €y stdfeanaciihe
t he sysltaglg]%so di sa I|n t hem as soon as possi bl e may reatl

reduce® POISIEEREP- doRstiistarhing ef‘ﬁlélelrﬁa@t%ﬁ%e%ne@ B g %/"9"9 t he

char gepfidRmeaadt g ﬁél%f?ﬁélkcpstaﬁn%ﬁhé ?Qﬁhgiéé%@hﬁf ﬂﬁ%ﬂ'fﬂa’qfu@hcf Bl%&%ngnal
punp vol t age rrultlpller contrdl | er used In

char gelfpekp Wl statpemaahing pesedisignal erragk_ersé_mlsgbromﬁeédo b‘hmrrngetqo atﬁte

cl ock I L t

Che® I ofiefls{rsteroteyt 2Op ERARE sl r R RIMGACO AR P ERE M adB
cl ocksclook ghte 668 pavidesfthe staté enechinestlock Qnic}'k hassd dinéhe l@nefreamcyed

t hereb sunption. It will be appreciated that the
et v otighk L B1GkAS BRATE, LR BBk RSsbredt I tas MESUARBIRE I o1 1 s
208 1 e@bbEindsHl! B SER Ysteh@iind & a@sle%lﬂ #NGé %‘w ahd %e%%slél’f'éd t&é high
3.125 ns, out of each 071 § interval, a duty cycle of 1:32, such that

a Mow lsvek ohs illgsiieied dom siaip mashinesclpsiogate&d8opayrbaiimplanentet es aotANG
tinme oéat%{ach subsystem 15

It will be appreciated that enable and clock gating circuits for the blink detection

subsystem, the digital receiver subsystem, the charge pump voltage multiplier

25 subsystem and additional subsystems may be implemented in a similar manner to the
state machine enable register 606 and the state machine clock gate 608. In this
manner the resets, enables and clocks may be generated in a glitch-free manner and to
enable the clocks and subsystems only when required thereby minimizing power
consumption.
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Figure 5A provides an illustration of a set of sequences and
operation simlar to that illustrated in Figure 5 over a |longer tine
scal e such that a full 0.1 second interval is visible after power up.
A first wake up sequence is initiated when the clock and reset
generator de-asserts the naster state nachine reset sntlk rst_n and
provi des state 20 machi ne cl ocks on the sntlk signal The system

controll er t esf IIo eque tlons i

Eoour o 5 and BB N et e MR RtevREn Sote0PErAbRS 380 He k8o and
3. 125 nmeddtigeaendscifomity mayshé sosdtaated wilatdeali éétttﬁﬂdg% pates driaelipfbys.
active circuits for the remai nder of the 0.1 second . interval Twake

are t h&SINale Pstm seBirolaraiihe BiseRtipventianmandedmpianasnted navgny
wake UBnﬁaﬂ%@é'%mg%dnﬁB]éﬂn@hﬁéﬁy Aethii®h g co%élﬁétﬁﬁg MO Y&dic EHElR on a

when the clock and reset generator de-assert ster "'state machi ne
reskt siicbR segicamdanier pntegiatt ciseuit die mbudrefose theosyatero montrell@mﬂtlke

ol oRsent inverl G et Db R Ay R BPIoh 0098 o550 Bt

and r eshictroaivasyatems o &n ophthekic 28rs mmehﬁasmaoldmgf\mmm@ppdsu@f 600,
a wake detect_ circuit 602, a ‘go regi ster &ﬁ) w@g state machin enable
regi st EPNYHBPLICHANG sEE @EEHARR VAN CRIMPY R dhe (grsfremedtsiasoverall

state eBehiyeodTR ﬁMf%Hé%BﬁtHaﬁnicﬂeﬁé‘e IDLE state 300 only the
| ow-frequency clock If clk and the wake counter 600 are active. Every

twd0 hundred fifty-six (256) cycles of the low frequency clock If clk
t he wake co . i , .

ot eor o 1 o RaCAMASRERE heby BT Bh IR PR REdehRotdfio Bhhetal
dleL eC]E dsg[tghlaglmadﬂadldgtfnitersta:teen@qrmies a altdlﬁell romovf:m gothersry itwitlke | f

c after wake erate on

falli napgf&zj@ée% hat § em@@!ﬂ? P@'&ﬁﬂémﬂtéﬂs% R°§fﬂb & ﬁu%a%/rﬁﬁlﬁﬁ%e@t'ﬂ% paverahes

at t hetepdgofBhRCAndEiungtibrs @.Oe?,oftha@é cREAITRH f hfm.&ﬂa;%oﬁfrana." it Wil be
designed in customlogic. The wake detect signal wake det 1s provided

t 01§ heapprecieded that fsther vadations @mthee@lswerar@pasa@@amb atsmﬁeng differanl
when S I

e X B e T e L L P
machi nbaMelanﬂsmmcﬁ(@Bomesoasm tr&ebraﬂ'dmmgmltSJ gnadnel aep’iplafnydmbddimbhe

506, qo e DN ERB QS IR P e o tH1a IEH: CMOSTNiFOkied REedt de.

falling edge of the | ow frequency clock signal 151f clk. The state
machi ne reset signal snclk_rst_n is provided to the master state
maghi ne masReferfingnowgdo Figire e tharaiwillHeleatra ancxenwlaatcontos lemprith an

state Q@E{}g@s"@g &%rﬂﬁﬁﬁn@ﬂ% ,qun gﬁaﬁﬁhﬂ ak8idn W&e%a% snel k

based on requenc rst
de- assembediménis bhthe prieasntriatvadioex dia areynpﬁa@ad:nm’itlenst T&O saimbkserssa n

o2 P oS RE b Sac i oh S BLe S T b 0%, S 2ehest e,
AND ga¥@4 includes a lens 706 which is activated or controlled by the electronics described
25 herein, for example, focusing near or far depending up activation. Circuitry 708 mounts
onto the insert 704 and is connected to a power source 710, such as batteries via one
or more electrical interconnect traces 712. Additional circuitry may also be connected
via the electrical interconnect traces 712. Circuitry 708 may include any of the
components set forth herein, including one or more sensors 714.
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It will be appreciated that enable and clock gating circuits for the
bl i nk detection subsystem the digital receiver subsystem the charge
punp voltage nultiplier 25 subsystem and additi onal subsystens may be
inplenented in a simlar manner to the state machi ne enabl e register
606 and the state nmachine clock gate 608. In this manner the resets,
enabl es and cl ocks may be generated in a glitch-free manner and to
enable the c n f i > .
i m 21 ng pungiS SRAtpREY BROBEe A Ine SEARGINA PR ianpgotions
di gi t alare nizsigsh ¢me perdpterabadriensfa endadtiensiatiedr thad i eredptgeneeatior

circuits be cponstructed wth a snall, set of logic gates and flip
{1 ops. PREOTEHBRE WiRENSErurle ERRRADY EMRICTRRt fris SR AT AEIGHARP be
i npl enpBsigEning o e EMcRATCS nBEE Aot Bk NEited 1B HRIBa pHeralRInal of W B6ntact
sem conductor (CMOS) logic circuits on a 5silicon sem conduct or

i nt &gr &nsd Al @fctheteletqt@n?c]mmmrés taecribpdthaneinanay be faliricated wilizing thin-
presen | . . o pr

Pl exi bi'sh ARl e FERpb RS RERLASE, et Refhbticsdri M dine ,
manner efectroniti cognponentsuinay degplacethsilarmt suotabRnidcatioal 4s ngaasahdy wed ume
conpati bl e %Ith é_hh@ requi rements for overall size and battery life of
t he opAPHERH?'E WIELYE OfyCs. The 1 ogic functions of the system
controller may be inplenented in sequential digital |ogic including
finite state machines as are well known in the art. It will be

app? eci at edAltherghashaymand deserihasds wdiet & believed e bpithe most Arapdical and

i npl e ! £ he i i o

exeout B BRERBhafty, § [Fafl At G Rerifyes AEH SRENHSR AL, o,
var i at metisodsndadeebeg sihdrehane wid ssgbést tberabelass tsthood sdilled éy et art wpés
of sensor di fferent detection orith and djifferent. pattition

of sof Tite U RURsiBatie Gotond Shiet B sae PHhedREaNe Theresent
I n oneiresefidh R/ NbteediAsicARO thd particHet eohsaRtibas Wescribed ald MustritedRited
into a single silicon CMOS integrated circuit die. 20Referring now to

Fi §ur estould herconstusted de cpheredvilihalb magifications thet may falmathig the seape of
el ectrgpi £ : rising the control systemin accordance with
exenplarfﬁgﬁﬁﬁgpg¥ﬁ?§pof the present invention. The exenplary contact
| ens 700 conprises a soft plastic portion 702 which conprises an

el ectronic insert 704. This electronic insert
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704 includes a lens 706 which is activated or controlled by the
el ectroni cs descri bed 25herein, for exanple, focusing near or far
dependi ng up activation. Crcuitry 708 nounts onto the insert 704 and
is connected to a power source 710, such as batteries via one or nore
el ectrical interconnect traces 712. Additional circuitry may al so be
connected via the electrical interconnect traces 712. Circuitry 708
may in hﬁ.ﬁ conponents set forth herein, including one or
nor e s%ggﬁslg%lﬁ ??'n one exenpl ary enbodi ment, the el ectronics
and el ectronic interconnections are made in the peripheral zone of a
contact lens rather than in the optic zone. In accordance with an
alternate exe 'ﬁg@ Lt seinportant to note that the
posi tioni ng)ibpmt emgﬁgﬁtgrgg I Cgusn%%rabﬁ%t[l be imted to the peripheral
zone of the contact 5lens. Al of the electronic conmponents descri bed
herein may be fabricated utilizing fhin- fi echpol og nd/ or .
[ r anspar ont SaattionCsySar essBorpike iRl ar PRbalER He e R for use in
el ect r abicaston@en@ronthy d9e; pl aced in any suitable |ocation as |ong
as they are conpatible with the optics. 10Al t hough shown and
described is what is .believed to be st practical_and preferred
embodi nent s & e apESteL Sl Rteddple PR Pl R ol L PGB and
et hodspdesionithadofiide s{aum ounitlollsrigslng cohiquree ky Replemehbaseasiéit sthid
in the art and may be used wi thout departing fromthe spirit and
scope BRORE thatsceives at east phe signeal and eHtpughat lsastaing €grali cted to
the particular constructions described and illustrated, but 15shoul d
be const r uctledtrbniceirogitry inddrborakéd imbsliHd €lattrsris sydtain, tayelbairbnivicirbiitry
h f th ended cl aj ns.
the chgi%gooperat?ve?yp gssociatecf wﬁlh and providing power to the system controller, the
electronic circuitry including one or more power sources and one or more of clock

generation circuits or inputs; and

at least one actuator configured to receive the at least one output from the

system controller.

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

device comprises a contact lens.

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.
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VWHAT IS CLAIMED | S: 1. An ophthal m c apparatus conpri sing:

an electronic systemincorporated into an ophthal m c device
configured for use in at | east one of in or on the eye; a
system controller incorporated into the electronic system for
controlling the operation thereof, the systemcontroller being
configured to inplement a master state machine that receives at |east

one signal @n one el ect

cirout try i SeorBeddthdn® pab bR AR Clayn, L erE thf Sbfiraimie

ci rcui tdleylcb&iong)rrsaemtlntr@(bqulaslsm| ated with and providi ng power to
the systemcontroller, the electronic circuitry including one or nore
power sources and one or nore of clock generation circuits or inputs;
and at | east one actuator configured to receive the at | east
one output fromthe systemcontroller. 2. The ophthal mc

appar at us afecdhéi Q@ﬂﬁ%m@ apparatusiarspeding tchelabptt, welen¢io taevpbibalmic

conpri 3. The ophthal m ¢ apparatus accordi ng
to d %%§IEQCW§§% e E[:% {ua(f](':t | ens conprises a soft contact |ens.

4. The ophthal m c apparatus according to Caim2, wherein the contact
| ens conprises a hybrid soft/rigid contact |ens. 5. The
ophthal mi ¢ apparatus according to Caim1, wherein the ophthal mc

devi ce conpri 9&® aphthdlini@Qspdratus! RR86rding to Clairfi- 1 WHheraR k& alddtdr state
appar at us accordl ng to aim1, wherein the ophthal mc device

conpri §&¢ gledgﬁ@p@mqﬂt%m hardware.

8. The ophthalmic apparatus according to Claim 1, wherein the master state

machine is implemented in software.

9. The ophthalmic apparatus according to Claim 1, wherein the master state

machine is implemented in a combination of hardware and software.

10. The ophthalmic apparatus according to Claim 1, wherein the system

controller comprises one or more subsystems.

11. The ophthalmic apparatus according to Claim 10, wherein the one or more

subsystems comprises a clock and reset generator subsystem.

12. The ophthalmic apparatus according to Claim 10, wherein the one or more

subsystems comprises a digital blink detection subsystem.
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7. The ophthal m c apparatus according to Claim1, wherein the naster
state machine is inplenented in hardware. 8. The ophthal mc
apparatus according to Caiml, wherein the master state machine is

i npl enented i n software. 9. The ophthal m ¢ apparatus accordi ng
to Caim1, wherein the naster state nmachine is inplemented in a
conbi nati on of hardware and software. 10. The ophthal mc
appar at us aggorgi . a] relf e t :

compr | ses ong Qb Radau b UecBidhd PRI REWBRI He She ormore,
accor disngsyster@s @omplides whdigitl reddhergobsystemdr e subsystens conpri ses a

cl ock and reset generator subsystem 12. The ophthalmc
apparatus according to Caim 10, wherein the one or nore subsystens
conprises a digital blink detection subsystem 13. The

opht hal m ¢ apparatus according to C aim 10, wherein the one or nore
subsyst ens dbmphesehthaliqarparaius scorsing obSipim &, wherein thelane ghaore
opht ha nor e
cubsy st e/ NS Bt as SRAELIIRh o Yol g% Mlitptier b Bl
subsystem 15. The ophthal m ¢ apparatus according to Caim 11,
wherein the master state nmachine in conbination with the clock and
reset generator subsystemis configured to provide enable and cl ock

signal s to g9BeThe dpbtitalRic dparatubsebrRIy toCCRIHh 1YaivBctdie Rd MasRALRNSse
and then deactivate them upon conpl etion of operation to mnim ze

power EBRSINAINiGEMPination Wltwe ook arhtaset gprerafy suhsyaierde sealighyed do
A aim éﬂovud@sﬁ 18 abﬁ%wk b 665 6F mBRIGF ﬁate%ﬁy&%ﬁéttsf%?ﬁﬁﬁ?&h@ﬁ%n

| ow f requency source” and counter.

appar aseguarmeardi thgn tdeaCliatenttien uphecempletiom m‘ymeeﬂitlou:dntmmlrhlee posver
confi gy edLg{]oq have only the | owfrequency clock source and counter in
an act FVSHTRIY upon a reset, at a startup, and/or between a sanpling
and an actuation action. 18. The opht hal m ¢ apparat us
according to Caim1l, wherein the clock and reset generator circuit
is configured to provide a state machine clock and a state machine

reset to theg, Wﬁé%rph&{a%% APHaPAtDS 2RBEHdRRY foBiafah Y whEkdiY BiefclbB€and

master state nachine.
reset generator subsystem comprises a low-frequency clock source and counter.

17. The ophthalmic apparatus according to Claim 16, wherein the system
controller is configured to have only the low-frequency clock source and counter in an
active state upon a reset, at a startup, and/or between a sampling and an actuation

action.

18. The ophthalmic apparatus according to Claim 11, wherein the clock and
reset generator circuit is configured to provide a state machine clock and a state
machine reset to the master state machine and periodically activate the master state

machine.
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19. The ophthal m ¢ apparatus according to Claim1, further conprising
a first sensor and a first sensor signal path, wherein the master
state machine is configured to periodically enable the first sensor
and the first sensor signal path and receive a sensor signal having a
val ue or sequence of values, and wherein the activation period
corresponds to a predeterm ned sanple rate of the first sensor and
first sensongsi - . ] nalm ;

accordi ng tgnggféﬁ]fb , I?]bcr?%arrawgﬁ%rc Pg%%ge?@g‘égk&%@eﬁ@m’t&%@‘%a first
second ssesaoandsa {rehlsepsdrtsigne eath, ivhiehein tes trerstartstate mactine s ¢afigured to

configured.to enahle, th econd s 0 nd the.secong sensor. si gnal
ot UBBHOHERLCERRIS iie fireh SEREr aBarRs Frehaaneel S PoLL b e G sensor
val ues sign@Méirg bivatile sessRicnd8 df (Alues, SRNGREreH BidadctiRalidh period 21
The ophthal m ¢ apparat us accordi nq to Caim?20, wherein the first

e

sensor CaREsRANEIsitpaspredetesminest samaple paterrfdoefrst seasel anddirskeanser signed
phot os?,gﬁgr signal path and the sensor signal conprises a val ue

i ndicating an incident |light |evel on the photosensor. 22. The
opht hal m ¢ apparatus according to C aim 21, wherein the predeterm ned
sequence of values represents a blink pattern. 23. The

opht hal m ¢ p i i ) r4@ ; ate
machi ne ena Pe?hgtc{@%@@ﬁ%g{g %%gr? gﬂtdéﬂcqzll%o%bggﬁ 12’ ﬂjlrfrr%f Cgﬁ@h%hgsat

pat t er aecond sensop 4nd Beecoptitskabon sigrgl pathatwhereicdbe diasdert siald machiGs js
wherein t]he n&it er @t srtée machj ne enabl es at Igast one ofI a. light or
el ect r SAUHEYY 0 PaRRIP it SeEii! SRISEE AT i recpndaebRgr HonahPaiatpar .
25. Theeteplibgal uniqueapaetriaC s bnSedurickaif Valrbs et first Sénsor and
el ectrgnic system further conprises a subsystem having a hi gh-speed

cl ock BhPPERATEION3 PElbyi de a "done" signal indicating conpletion of
its operations to the naster state machi ne. 26. The ophthal mc
apparatus according to Caim 25, wherein the high-speed clock signal

i s disabled %)y Lhe b? stem when the subsystem conpletes its
operations. 21T eopgala %W@R?@ﬁ?ﬁél%@dﬁlﬁp@r%@ﬁ% 20cwhetRmb e fstpenser 1,

wher ei Bng iR RiseSeRsRisfaral P& ddmiprides 1ot e 3R8 phaIStenSBIGGa '%m%}h

circuitry. 28. "The ophthal m ¢ apparatus according ,
wher ei 8nd e egnser sigmabconpises 2 yalugrindieatingompincitent gl level wprthe hi gh

vol tagﬁh&\ﬁggﬁ%or S. 29. The ophthal m ¢ apparatus according to
Caiml, ereirn the electronic circuitry further conprises one or

nore switching circuits.

22. The ophthalmic apparatus according to Claim 21, wherein the predetermined

sequence of values represents a blink pattern.

23. The ophthalmic apparatus according to Claim 22, wherein the master state

machine enables a lens driver upon detection of a first blink pattern.

24. The ophthalmic apparatus according to Claim 23, wherein the master state
machine enables at least one of a light or electromagnetic receiver upon detection of a

second blink pattern.
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30. The ophthal mi ¢ apparatus according to Claim1l, wherein the
el ectronic circuitry further conprises one or nore sensors.

25. The ophthalmic apparatus according to Claim 24, wherein the electronic
system further comprises a subsystem having a high-speed clock configured to provide

a “done” signal indicating completion of its operations to the master state machine.

26. The ophthalmic apparatus according to Claim 25, wherein the high-speed

clock signal is disabled by the subsystem when the subsystem completes its operations.

27. The ophthalmic apparatus according to Claim 1, wherein the electronic

circuitry further comprises power management circuitry.

28. The ophthalmic apparatus according to Claim 1, wherein the electronic

circuitry further comprises one or more high voltage generators.

29. The ophthalmic apparatus according to Claim 1, wherein the electronic

circuitry further comprises one or more switching circuits.

30. The ophthalmic apparatus according to Claim 1, wherein the electronic

circuitry further comprises one or more sensors.
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