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OPHTHALM C LENS ASSEMBLY HAVI NG AN | NTEGRATED ANTENNA STRUCTURE 5
BACKGROUND OF THE I NVENTION 1. Field of the Invention The present

I nvention is directed to opt| cal | enses, and nmore 10Oparticularly to
optical Iens S : = ‘ . I

i ITp| ant abl e PHFH‘L TC v v Tt ori@:r&&gﬁxnu &;ilr:fgﬁ
type of device corrprl sing an optlcasTRo_meREt t hat i ncorporates

el ectronic circuits and associ at ed antennas7ant enna assenblies for

i nformati on reception, information transm ssion and/ or

chargi ng/ energy harvesting. 15 2. Discussion of the Related Art As
el ectroni c devices continue to be mniaturized, it is becom ng

20i ncr edsi rBACKBROUNIXGOFTHE INMENTEOMar abl e or enbeddabl e

m croel ectronic devices for a varlety of uses. Such uses nmay include
nonitoring aspects of body chem stry, adm nistering controlled
dosages of nedi cat ARsytic agents via various nechani sns,
i ncl gdl ng autonnq'?l Eﬁop{qenmrgésponse to neasurenents, or in response
to external control signals, and 25 augnenting the performancef of
organs or tissue | es of such devices inc|lude glucose infusion
pu?rps pacemaker ihedjé?g%?t inyetionds diregted; tenticablesses. aklinoee and
neur ostyinmul I nis
T ophtiaal o e (POMicRAEht s ichtos e lofktlp dhoflRld ied
wear abl e | efenseayimplantapty lehees, ihelodingsistrabtylahlevsag (I81s) and any other
el ectroni caI |

I " . . .
y|p>é c?fd del{/lséeagorﬁpnsmg an optical component that incorporates electronic
circuits and associated antennas/antenna assembilies for information

reception, information transmission and/or charging/energy harvesting.
15

2. Discussion of the Related Art

As electronic devices continue to be miniaturized, it is becoming

20 increasingly 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

25  augmenting the performance of organs or tissues. Examples of 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 incorporate a lens assembly having an electronically adjustable

30  focus to augment or enhance performance of the eye. In another example,
either with or without adjustable focus, a wearable contact lens may
incorporate electronic sensors to detect concentrations of particular chemicals

in the precorneal (tear) film. The use of embedded electronics in a lens
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30f ocus to augnent or enhance performance of the eye. In another
exanple, either with or without adjustable focus, a wearable contact
| ens may i ncorporate electronic sensors to detect concentrations of

ticul ' ' (t fil Th f
Pnbedded o SoepbR, BbRubkds aRiote Rl Eaiuirrat ok el diGatip M e
requi rement eeutropdyad fatd eettdd Of pd\ee@hEahd/RRr&-naRslzing tha e BRtEs.
of powering and/or re-energizing the electronics. Oten It is

desirable to provide for conmmunication to or fromthe 5enbedded

el ectronics for : t | n
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di rect physiembediednsetiratics fortthe puetssecdiessnt@ningd/ordatd ghthadringhe

el ectronics ymay be fully sealed and to facilitate conmunication while
the |ens isQQﬁmgalcamﬂ@étmﬁ naturgsspplshprefergbliom perfermadmithost direct

| ens el ect r%ﬂk{ﬁéal"&drﬂe%ﬁ&l\ Yo thd %ﬂisje%étfo“rﬁé DIREA A h LR Eronics maybe
Accordi ngly, ere exists a need for an antenna strucCtufe appropriate
for use in &lygsalehibnd éomfadcilitatenddmmamidatien vhileahtdets IssinuseTgence it
el ectronics.in these, applications often nmay require a power, source.
15 Accordi n§i %anaﬁ% ‘gléolaé@%t%thﬁﬁen%@?%cﬁeﬂéf@waelgﬁlvﬂémst ai ned
pover ghor agRcHBH dfhelit WS, %c%ﬁmﬁ{;ﬁ?ﬂ@réeaﬁiésrn%earfgpgn%térﬂ{a
Alternately, the electronics may be ductrvely powere roma

di st ance r astiacturdrnapptogiriate frwwsedd ahraptical kelksfassenttdy sech psaerontact
storage device, and thus there is no need for recharging. An

accept abl e hod for recharging a battery is through inductive
coupl i ng, 20whereby an external coil is magnetically coupled to a

coil that is coupled to, connected to or otherw se associated with a
char gi ng ci r cui tThecelpetsanics in theiserapplicationsaeften mayregdited pawerrsource.

devi ce. Acc ' - ex] a, need for, inductive.structure
for exdipl cRcegiBiahsdt Makbs T I FRRe e O P bl Gidh PaNFT SRtmoe
for use in dsviepkuchlas!erEhagsRipr Yattdhy diipacitbr. AttefeRbh2eRetrnics
provi de a convenient nethod for aligning the coil structure with an
ext er nal may be inductively powered from a distance rather than being powered from a
self-contained power storage device, and thus there is no need for recharging.
An acceptable method for recharging a battery is through inductive coupling,
20 whereby an external coil is magnetically coupled to a coil that is coupled to,
connected to or otherwise associated with a charging circuit adapted to
recharge the battery imbedded in the device. Accordingly, there exists a need
for inductive structures, for example, antennas, antenna assemblies and/or
coils appropriate for use in an optical lens assembly. Further, it is desirable
25  to provide a convenient method for aligning the coil structure with an external

inductive coil structure for efficient near-field coupling.

Embedding electronics and communication capability in a contact lens
presents general challenges in a number of areas, including the limited size of
30 the components, in particular the thickness as well as the maximum length
and width, the limited energy storage capacity in batteries or super
capacitators, the limited peak current consumption due to higher battery

internal resistance in small batteries and limited charge storage in small
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i nductive coil structure for efficient near-field coupling.
Enbeddi ng el ectroni cs and communi cation capability in a contact |ens
presents general challenges in a nunber of areas, including the
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for providing a’mechanica
inductance achievable and the maximum voltage or current that may be

transferred to the device.
Accordingly, there exists a need for providing a mechanically robust
20 antenna assembly that meets the requirements for functionality and

performance in the volume and area of a contact lens.

SUMMARY OF THE INVENTION

25 The antennas and/or antenna assemblies of the present invention

overcome the disadvantages as briefly set forth above.

In accordance with a first aspect, the present invention is directed to an
ophthalmic lens assembly. The ophthalmic lens assembly comprising a lens
30  configured for placement in at least one of the inside and proximate to a
surface of an eye, the lens including an optic zone configurable for at least one
of vision correction and vision enhancement, and one or more electronic

components for enabling the vision correction and vision enhancement, and at



20ant enna assenbly that nmeets the requirenents for functionality and
performance in the volunme and area of a contact |ens. SUWARY OF THE
| NVENTI ON 25The ant ennas and/ or antenna assenblies of the present
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electronic components and power fransfer.

15 In accordance with yet another aspct, the present invention is directed to
a lens assembly. The lens assembly comprising a lens, including an optic
zone for at least one of image enhancement, image capture and vision
correction, and at least one antenna arrangement operative associated with the
lens, wherein energization and de-energization of the at least one antenna

20  arrangement causes a mechanical change in the lens.

In accordance with the present invention, an antenna or antenna
assembly may be incorporated into mechanical devices such as ophthalmic
devices, including lenses and contact lenses. While exemplary embodiments

25  will be described with respect to contact lenses (wearable) or implantable
lenses (IOLs), it is important to note that the present invention may be utilized
in any number of related or non-related devices. Wearable or contact lenses
may incorporate a lens assembly having electronically adjustable focus to
augment the performance of the eye and/or it may incorporate electronic

30 sensors to detect concentrations of particular chemicals in the tear film. The
use of such embedded electronics in a lens assembly potentially introduces the
need for one and/or two way communication, and for a method of powering the

electronics or recharging a power storage device. The antenna/antenna
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151 n accordance with yet another aspct, the present invention is

directed to a |l ens assenbly. The |l ens assenbly conprising a | ens,

including an optic zone for at |east one of image enhancenent, image
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particular chemicals in the tear film The use of suc dded
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ol cctr ot cdbbr iahPE AL B RE: ER, 1 g ea® chueel B R nna
assenbl y ofantdrenhghr esent invention nay be utilized to transmt and/or

receive information and/or data as well as provide a neans for
charging the battery, batteries or capacitors utilized to power the

el ectronics by i

narvest | ng. et hiaeSRbRng HRCK WhehoddHibR i BEELIRARKR M BFE N
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kil ohertz or .5 negahertz, near fi Ing to a coi
structure dmjciRFummrglwampvmﬂde mgrlmg;trase@tu interdommnedt the elenbgmic

AN A G AN R A
present form a rigid component of the optical lens assembly. Alternately, the circuit
20 board may not be mechanically attached to the lens and thus not form a rigid
component of the optical lens assembly. This arrangement may vary
depending on the type of lens. In some exemplary embodiments, the antenna
structure or antenna may include a coil comprising one or more loops of wire
mounted around and concentric with the lens structure. In alternate exemplary
25 embodiments, the antenna may comprise one or more wiring traces on the
circuit board. The antenna may be electronically coupled to the electronic
circuit. In some exemplary embodiments, the electronic circuit may provide a
transmittal signal to the antenna in order to transmit an outgoing
electromagnetic signal board on the transmit signal while in alternate
30 exemplary embodiments, the antenna may receive incoming electromagnetic
signal and provide a received signal to the electronic circuit. In yet another
alternate exemplary embodiment, the antenna may be utilized to transmit and

receive signals. In yet another alternate exemplary embodiment, the antenna
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i nvention may conprise a circuit board or substrate, an electronic
circuit, a lens 15structure (optics) and an antenna structure. The
electronic circuit nmay conprise a nunber of electronic conponents

nounted on the circuit board and the circuit board ma rovide wiring
traces to irH?)éPEdHﬁé% iq nguét'\éé]ypgﬁf% 2 §iaae eéne"l’fr@’yl@p i iN BoRed
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conponent of the optical |ens assenbly. This arrangenent may vary
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el ectroni c ophtiealiric dévicy alayineludercorhinehitation evenidafoys csmaet giMes or
the antenna may be utilized to transmt and receive signals. In yet
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communi cat iopti\abdsgbdisinfectiorséytems, as widisy aledthien tyhaisadfldevices
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t he ophthal m ¢ device is placed, charging, batteries associated wth
the opnt hafsevebasneReB &t At ofuddc Bressiue. Beatrate! blodd
devi ces. f dd?ﬁh ey ' i ' s‘ﬁdﬁn
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devices for changing the optics of the device and to dispense drugs or
therapeutic agents. The antennas and antenna assemblies may be utilized, as
25 stated above, to recharge batteries or for continuous powering from a remote
source. This may be in the form of inductive powering rather than charging.
The antennas may also be utilized to communicate between ophthalmic
devices, such as lenses, to detect eye convergence during reading or to
synchronize behavior for three-dimensional holographic realization.
30
The antennas and antenna assemblies may be physically realized in
any number of ways. Physical realizations include conductive traces on a

circuit incorporated in an ophthalmic device, and/or turns of wire embedded in
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graphics, software or code for reprogramm ng or updating, and the
like via an RF or inductive wireless link. The data or information to
be transmtted or received may i nclude tear fil manal ysis, intra

| h t d d th T )
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secondary devi ces f t tics of v and .
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assenbl kes dﬁé’nﬁ%ﬁs@ﬁh'élﬁ@d de¥ednay batirfizalasevelf 0 recharge batteries
or for continuous powering froma renpte source. This may be in the

form of inductive powering rather than charging. The antennas may
al so be utilized to communi cate between ophthal m ¢ devices, such as
| enses, to detect eye convergence during reading or to synchronize
behavi or f GRIEF PESTRIPTIONGF THE ORApNNGS eal i zation. 30 The
antennas and antenna assenblies may be physically realized in any
nunber of ways. Physical realizations include conductive traces on a
circuifyi ncor por i I £ oW
erbedddd i n " tna Eaoreiits sl e fEbfrcE Kt AREGR ke TBnglhidL be
and/ gr ?sbaapbamm; frdmahesfcaloh?mg ;:lnereqsamh mh:lbydeE@Lptm?’f}cﬂrefermm anth enna
may be fabric on a_circul ar/washer or arc shaped layer, wt
t r;ces on &%bqq?msat%o s‘?‘&é@v‘?ﬁt'otnhésl"&%ﬁate%w @GWP%R@W"@W@% th
the appropriate trace nmetallurgy. Miltiple 5antennas on a single
device may be utilized as well. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1A is a diagrammatic representation of a first exemplary

15 embodiment of an optical lens assembly comprising a single loop antenna

in accordance with the present invention.

Figure 1B is a diagrammatic representation of a first exemplary circuit
board of the optical lens assembly of Figure 1A.
20
Figure 2 is a diagrammatic representation of a second exemplary circuit

board in accordance with the present invention.

Figure 3 is a diagrammatic representation of a third exemplary circuit

25 board in accordance with the present invention.

Figure 4 is a diagrammatic representation of a second exemplary
embodiment of an optical lens assembly comprising a coil antenna
subassembly in accordance with the present invention.

30
Figure 5 is a block diagram representation of an antenna and receiver

circuit in accordance with the present invention.



10The foregoing and other features and advantages of the invention
will be apparent fromthe follow ng, nore particul ar description of
preferred enbodi nents of the invention, as illustrated in the

i d i . Fi gur Ais a diagra tic representation of
LT ot axorpl ArORE & i Biek e oS aNon o & S LA gna transmitier

conpri si ng drctith9 bBcorARcEWifIHa éjrasémwaﬁm.e wi th the present
i nvention. Figure 1B is a diagrammatic representation of a

first exenplary circuit board of the optical |ens assenbly of Figure
1A. 20 Fi qure IS diagrammatic regresentation of a second
exenplary cir cuﬁ#g%@aﬁﬁs?ﬁl%&‘g?@'%}:@e%ﬁﬂﬁ?ﬁ n B% _@Eé‘hﬂﬁ]uq%ﬁ%'?@r%ﬂg
Figure 3§ i sikullimeEesfaBhtE WitbRhepresaitiifferifona third exenplary
circuit 25board in accordance with the present invention.

Figure 4 is a diagrammatic representation of a second exenpl ary

enbodi nent of an, ical n nbl onpri.sin coi l..ant.enna

subassenbly in ;Fé@%lleaf?a c%b@@ﬁ%ﬁé%?%géﬁ%?h%R?i’agﬁnsgﬁﬁet cireui I‘—Lflgure
5 i's a bl oddonthingicnwith pinesstitafldnehsebmdly advnprsiRgafanteffh W@ receiver
circuit in _accordance with the present invention. Figure 6 is

a bl ock di dyPaeerdapee ydifttheinsasent iayerdienenna and transmitter circuit
in accgbdance with the present invention. Figure 7 is a
bl ock dragramrepresentation of an inductive charging 5circuit in
accordance W t h Rigere[® Bseblock rivegraivorepresentatidn gii& @ritharg irdudtios kircuit
diagramrepresentation of a transmtter circuit in conbination with
an opti cal M ERAFPIRAIEARNIN 8 SRsPNdamdnduCtivet dishE inerIPpeted e anroptical

accor dance |id Bsddpfol i 8688 rdaRkE WithdRe present invention.

15 Figure 10 is a block diagram representation of a contact lens inductive
charging system incorporated into a contact lens holding case in accordance

with the present invention.

Figure 11 is a diagrammatic representation of a four tum spiral antenna
20  that may be utilized for both communication and power transfer in accordance

with the present invention.

Figure 12 is a diagrammatic representation of a die stack configuration
in accordance with the present invention.
25
Figure 13 is a diagrammatic representation of the cross sections of
designs implementing antennas in contact lenses with the antenna conductors
insulated from the conductive tear film in accordance with the present
invention.
30
Figure 13A is a cross-sectional view of antenna traces on a substrate

with insulation in accordance with the present invention.



10 Figure 9 is a block diagramrepresentation of a primry

I nductive circuit in conbination with a secondary inductive circuit

I ncorporated into an optical |ens assenbly in accordance with the
present inventiqn. 15F gure, 10 Js . bl ock diagramrepresentation of a
Contact | ens | nduawiey 4 B Sisnled el er RRsa GRS 1 Cofeabens
| ens hol di g LASMAIRPENEARS t YbddtdbhGe MIRIREbré M Mveilion,

Figure 11 is a diagrammtic representation of a four turn spiral
antenna 20 that nay be utilized for both comruni cati on and power
transfer in accci_r.danc&]wit .t he Pr;asent inanr}tior]Ir Fit ure %hz S
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accor dagce paraditic BBUPRFPNtEccoRy£td With the presentinddhford3 1S a

di agrammatic representation of the cross sections of designs

i mpl enenting antennas in contact |enses with the antenna conductors

present 1 nventt ciourE8 8 Kiant{ls 5R4 Sahero Bl FrBESSAERRRS abh drlig on o
ant enna tr apreGit @dard FLRSIor@afceivith the prdstint ivenfloaccor dance with the

present invention. Figure 14 is a sinplified, diagranmatic
representation of a contact lens and a single |oop antenna in
accordafpce with the present invention. Figure 15 is a

di agrammatic representation of an antenna trace with 5parasitic

coupl i ng i IDETAKEDDESORIFTIONOF FHERREFERREDEMBODIMENTSIr es 16 A
and B are schematic representations of an antenna on a circuit board
I n accordance witli'the present invention. 10 DETAI LED DESCRI PTI ON OF

THE PREFERRED Emr'ﬁ:@%&fci ure 1A thereSs ﬁll'[d%g]afé?j & ifigéi{re?efrﬁlée&eerrﬁbéﬁimn)t/

illustrated a first errplgry enbodi nmen an optica S asse
100. Al t howdhnidgticat leasesdsambly t00t Aitholgindlustratddsas a contact lens, it is

15 important to note that the present invention may be utilized in conjunction with

any number of devices having medical and ophthalmic applications as welt as
any devices incorporating lenses, such as cameras, binoculars and
microscopes. The exemplary optical lens assembly 100 comprises a lens
structure 102, a circuit board 104, an electronic circuit 106 positioned on the
20  circuit board 104, and a single turn loop antenna 108 also positioned on the
circuit board 104 so as not to interfere with the lens structure 102. As utilized
herein, the lens structure 102 may include a portion of an assembly that acts
as an optical lens and not necessarily a separate component, but rather a
region of a component such as a hydrogel overmolding. The electronic circuit
25 106 and the antenna 108 may be connected to or mounted to the circuit board
104 by any suitable means, for example, solder, wirebond, conductive epoxy,
conductive ink and conductive polymer and in any suitable configuration for
any number of applications. The circuit board 104 as used herein may include
any suitable substrate, including copper traces on a flexible polyimide substrate
30  with a nickel-gold surface finish. Circuit boards are described in more detail
subsequently. The electronic circuit 106 may comprise one or more electronic
components 110 mounted to the circuit board 104 and the circuit board 104

may comprise interconnect conductive traces 112 to interconnect the one or

9



15i nportant to note that the present invention may be utilized in
conjunction wth any nunber of devices having nedical and ophthal mc
applications as well as any devices incorporating | enses, such as
canmeras, binocul ar

dm . _The I ti [
o RS R oBl MR e RT: TP R TRl Yo B ABtBed tan
el ectroni c {geNeM §trdQ6rP PGP by%lrh%ﬂabfenﬁeaﬁgﬁ FeH lekar'?@?é, %é@f}%uiﬁaga@

single turn | oop antenna 108" al So positioned on the Circuit board 104
so as not t184 meyghicemechanihalyheonrecied to thet lane strogturaéd Oatto Iforme d rigid

hat et s Gorpnsit ot e bice!flF Hone il 000 T SinSalin Fhe StERRe o8

conponest, rﬁﬁﬁrbé%ﬁﬁéd #ohPahP Rufiber of SURAIE Honduétivermateritis bAge!
overnol ding. The electronic circuit 25 106 and the antenna 108 may be

connect ed tc@nstugtedritibidingeamneurpbecof techoigues.1 0 theyillusiyatedi axepary
neans, for lL.der., w nd nductive.epo conducti ve
R ond cosaitEnt S dRendd  GR MY b€ AN oY BfRF tdeed PR b,
nunber of ajepkd 88igdsarrdifedid forntarPeRbtdokdgnatc BfastuRe halingmay

i ncl ude any suitable substrate, including copper traces on a flexible

pol yi ni de ipdeteaninedoiaracigrisiicsdor ogeratiosnas ae antgmias sucltiasdlifectivity,
boar d ' ] il it | '
oot 80 SRR TR 5 1S URARONETS Bl 08 ShTRAISH

nount ed t o nidgneticreouipling t@adoft4 irduttdMeTlod sitdld-tupedssh aRenhaY 08 may
conpri se mtercon,nel?t conductive traces 112 to interconnect the one

or rmore elPeRieetHral-eriiad e the elsctropie dicul 106 owirmgrtoacesallheAs

attached t r ; e

ol o, 1 SIS ALBIS, (el dtHAS oo Yot b APHEy AERREY oflifable

| ens st r ucttondudid2 matdriaisrand milgysl isdopiogenippef, dilker, goid,acddkdl,gndium tin
assenb 100., The,sjngle-tyrn | antenna 108 5. ma e formed frgm
oy notber Ogidelalid Bl BuRy bl 56 BrIona 5 iebricad FaR SAoRUePFdThg
any nunber pfcoh@cdimidiHRgeriain the illustrated exenplary enbodi ment,

the antenna 108 nmay be forned by wiring traces on the circuit board
104 and arranged to form an el ectromagneti c structure having

predet erm ned characteristics for.operatjon an. ant enna, ch, as
G rectivity.  10EHTE: Bhigeleie iR BrlS aToé Prclt BORR WP PReE e,
or as an i esgfipRiryoPticaBBnSbsSemBHP AMBf FRUPNIANEThd BiFkIHE 8ard HDR may
single-turn | oop antenna 108 may be electrlcally coupled to the

el ect r 8di c cempeisptmawing pads 1 i ta facidateralectringl ennaestionlsadanounting of
e B A R T RO o B R R o,
tin constructed from any number of suitable materials, for example, the pads 114
may be constructed with the metal layer that forms the metal traces 112 and
may also be covered or more appropriately, plated utilizing any suitable
25  process, with additional metal layers to improve manufacturability and reliability
as is known to one of ordinary skill in the art. The circuit board 104 may also
be constructed to provide an opening 116 in which a lens structure or optics
section 102 may be mounted (Figure 1A) or through which light may pass by a
lens structure mounted on one side of the circuit board 104. The circuit board
30 104 may comprise conducting and insulating layers, for example, soldermask
to cover the top conducting layer or insulators to separate conducting layers as
is explained in greater detail subsequently. There are a wide variety of

alternate configurations.
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150xi de and platinum Preferably, the antenna is fabricated froma
non-reactive, bioconpatible material. Figure 1B illustrates
additional details of the circuit board 104 of the exenplary optical

| ens assenbly 100 of Figure 1A. The circuit board 104 may 20conprise
nounting pads 114 to facilitate electrical connection and nounting of
the electronic PRfIE

be constructed 19:? anglruﬁhr%r%g ?%é%éééiem ten%{mb&%gr extah%%ﬁ-'me
t he pads 111¢|I|na®'\l\hth tbermq;ﬁtmald&esia\asembtynﬁ)mﬂUairaﬂedymFIQUmtm o€irsuit he

nmet al trac 1 al,s covere nDrea ri ate

ol ated ut oA GOdRpmieeRdh o Bt Rhve isrep bR acka 2122 age: <
to inpreve HHMoul gﬁblﬂomubwé/.r@é\@ohﬁéé@e'&d 291%' (%hlﬁﬂﬁ"fﬁ phanff), of
ordinary skill in the art. The circuit board 104 nay al sO be

const r uct edhrosigprimlésier siasddénion naking eledmiuat horaneﬁlmﬂsélatweelurﬂm tnrp

optics sectjo 2 _nmay. be nounted re 1A) or thr

My pass bfngrlf%tﬁ)éng’{%cmﬂ”@&l gdéﬁﬁ Bt r%erglpggﬂg 3&\&1@1?[{“ Qrd
104. The cilésp bhtdpparZRo3RHekt thBk L£aAGlEiteh pOPARENRNS FAE mmﬁuhr’# loBg

| ayers, for exanple, soldermask to cover the top conducting |ayer or

i nsul at or s ANEEHAZACOMPHAES VO 9§ nncaryéumsasf wige, e:;qmdalr:h‘@ltraaesgﬁeﬁteelrke

detail ;gub r [ f aI

confi gu?at ?@g@g&]hﬁ%hue}%? %tﬁf)ﬁg‘{ae typ (jdé;ﬁ é?tﬁ%{?eS] ﬂ%\ a‘E'SP”ét' qocﬂﬁ t
board 204 Cat ifmulthge ahtdrinaedreidtitizéden @ﬂé sldeRs trRsthesirin-hd@Cor

illustrated in Figure 1A, Circuit board 2 onprises both top side

conducti ve Via&%!?%mwé& utilizedde Q@'Q%C%fﬂﬁe@loﬂétth@mb§wd%eftoriHW&ltbQ/e
L Connog e, 44895 SN 5oRTaRL Ak orkBE AU APk o

218 for ectrl cal connecti ofs and

si des, nnurahdrtgamngscmmna@oneﬂﬂ@;ergm bg ugdé t@ndn@trmntlthe miuki<buindopp
antenna_220 {at he han a single turn | oop antenna. The nulti-turn

| oop ant enFRSVE rises two or nore turns of wire, conductive
traces or the like 10 formed in either or both of the top side or the
bottom side of the circuit board 204. If nultiple antennas are
utilized on opp&sfersingirdweio Figelre By mﬂageii*.]tliugtrmd\ymanﬁﬂ&rrwgmnm

til dt k bet t ed
Uhat e cBROMVIETGURGT DoARA0R Bisirek Bodilired baitaepdbal Sge PeSambly
that any cqubiimakizes ﬁfFlbéVe,eﬁA MERe SFCUHSSShrH B oAb prisds foaside

multi-turn | oop 15ant enna .
20 conductive mterconnect traces 312a, bottom side conductive interconnect

traces 312b, (illustrated in phantom) through-hole vias 318, mounting pads
314, a center opening 316 and one or more spiral antenna structures 320. The
one or more spiral antenna structures 320 each comprise one or more turns of
wire, conductive traces or the like formed in either the top side metal, the

25  bottom side metal or both the top side and bottom side metal of the circuit
board 304. If one or more antenna structures 320 are utilized on opposite
sides, the through-hole vias 318 may be utilized to make connections
therebetween. It will be appreciated that the circuit board 304 may comprise
additional metal layers and that any combination of layers may be utilized to

30 construct the spiral antenna structures 320. The antenna structures alternately
may be embedded on an inner conducting layer, with other conducting layers

above and/or below the antenna structures 320.
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Referring now to Figure 3, there is illustrated yet another alternate
exenplary circuit board 304 that may be utilized with the optical
lens assenbly 100 illustrated in Figure 1A The circuit board 304
corrprl ses top SI e 20 uctive %nterconnect traces 312a, bottom

si de conductive f ﬁ%‘"@r%ﬁ'ﬁ‘ﬁ atesianpther exorpplary embeodimenipfian pptical RS
through- ho'&sﬁhﬂﬁgf 348, Tﬁ%%ﬁtfcﬁgleﬂg%%ségg)&/ mgﬂgﬁi}:s@g%’]bﬂg sﬁé@ttﬁ?gr

one or nore spiral antenna structures Oof nore’s
ant enna st rapticardé2, azircatdoaodbdd4) ae elmubronic et 406 avsd afcovl/lamaenna

ductive trace i ke, f rmad n.e er the to de netal,
Che bt £ SHEBRSEm Rl AQY o The SldsomE el Moy o TS e et 8l of
the cirgui tcoﬂﬂ%ﬁér@@ﬂ‘m'rﬁo&ﬁéd%rn ﬁ@rd?rclqﬁ ?FBMQ& %HgtltHé%?rcél@Boéfqeth

utilized on opposite sides, thet e vl as be utilized
to make cormey prayide C@@dl&bl&‘emtemonrlecmramsbmarb(p)ir&en‘canadcttmatelecttmnlc

t b 304 onqr.i addi. t I e and that an
conbi nat  ofegPTenls 41 e Al BostisikexshiBlapnanbptirapnt the
antenna st reigdttris cd@Bondhis may %@%rﬁbbt&:ﬁ s il bBakLhy4 Barke
enbedded on an inner conducting |ayer, with other conducting’layers

above and/ guitablegnenner, ingleding izauntingurasts (BRoillustrated). Theqincsitdoard

s00. THE. onerued Pl REERLIE VS S ullRirettod by Al st e dip S oFor

optics 402exantle,aHelcirooibdadP404 ainyehe etdohainfcall ceHhéctéGo anl |ehscoi |
ant enna subassenbﬁ)g408 The el ectronic circuit 406 may conprise

el ectronic S!TUEB% e doun @ rigid spBWPOsENt Abthe optival Iem@aae@ezrmly 400. The
circuit bo%Bﬂlt ﬁ ﬁs%gh‘ﬂ)gy ﬁ@@gﬁ%b&@%% ﬁég%ﬁmﬁ@% thfr?sc&sw‘f‘%%rm)e

i nt er connect FOHIC onpone e previous

descri bed dake mpl aacwcmﬂabﬁmdmrterdreatetm‘eelebﬂchfagneﬂc shrupine htaﬁlngﬁiesheble
connec B CIIC it board 404 by any suitable manner, including
mount i § é"f’(“i‘%ﬂsﬁcﬁ AsererpEay asw@ﬁﬂeaq sudthas diraefivityefiigipnsy or

attached t H‘ﬁhéﬁ%r@tornué:bklgﬁoﬁ%e)zéé |ﬁd%@tcﬁf8?3ﬁ1% ne %’E?upl{r}? to

exanple, thAe circuit board 404 anlcal y conn
| ens st r uctapthet@duaorf eoiln Bhe coil dntmmacmma'sserhbtym&ptaydm eleetrically

oL e OB e %65 DRSS RS e kg e P T b B S cfonic
el ect r omag@giigonshietor ¢hé%ltét9e %?%knﬁ%ufﬂe’?@ﬁ Bﬁﬁr@éérﬁﬁecéptfc%i lens

operatlon as an ant enna, such as dire |ty |C|ency or galn en
wor n oR0a B8gsMmbly ¢frFI9lyF@ 1/esendstha@pilnalldensasS@nblye@‘r%gurte féba:pin the to

anot her in tenna subasse
ol ectr cal Pl B deVieh of Elawed HerPineniens S lone afjerinag1os
traces 412cengtridied Hiththe@ivcait SOERP NN iwhetdhs thE@eed BPFRyPE 4Pr i mary
di fference between the optical |ens
comprises a coil antenna subassembly 408 separate from the circuit board
404. This design may provide benefits for fabrication, cost, assembly,
25 antenna performance, as well as other characteristics. The antenna
subassembly 408 may be integrated with the lens 402, for example, as a wire

or printed coils within the lens component.

[t is important to note that the circuit boards described herein may be
30 constructed from any number of biocompatible materials or combination of
materials utilizing any number of fabrication techniques. A more detailed

description is given subsequently.
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20 assenbly of Figure 1A and the optical |ens assenbly of Figure 4
lies in the antenna. The device of Figure 1A conprises a single-turn
| oop antenna 108 constructed with the circuit board 104 whereas the

devi f Fi 4 [ t b nbly 408 t

1 om the. ci roul (REGEN BRG] L et BriTWHiP3H G eTmNet STbof Brern of
il (At

fabrication sifgf antBRRETRLY: théﬁnégtb%ggﬁizegg%%ﬁ@ﬂﬁﬁothaéorﬁ‘ﬁ'ub c%?i

characteristicS. The antenna suba e I ntegra
the | ens 4(@wdrdranstemphdigare H,khe elr@ie pniennhnadl'ldlﬁ] |kss:ovmghnem! ashe simjte

her i ey 1B leBPcEal pOEnes Wito eryan arit 167 Aesdonpitiaand a -
mat eri aks QeceRARARBbIRN 10k iRl ghd fRlLrtHUbbb! ZiHAGsiIAN 14T eSS 1902 is

fabrication techniques. A nore detailed description IS given
subsequent ligtended, for exarplafor 890 medeihguzovtite, thekfeuelmp tap [1d&driat ed

I of ' . ant 11 hat b d
For “one or MTHEAdpTmP Beadheanch BIAERETS iy D6 3 FouP 18 FrehBS
singl e ant gyonat HYR0whi%e 8%\ ipads gite$168 & dllifted Bithd Qéz:rbn‘anbwomt 1104.
antenna with a first tap point 1102 after the first | oop and

5second tag h@ohlgh pesefiltgr ﬂ &06 may cauple amei@cﬁtncaﬂmmrﬁalﬁglaa Rlaérlansamt or
1102
Lan 1109 R ot oGP AR G od ARG BRAR aBlict ciliplid | Phe i pasFoP

coupl ed tofitbe1108 #ia dyalsol@@upte drl8Rcval sighal @\ RGeS frdd deﬁ?ib{lr%ﬁ)\%n'hﬁor
coupled to the secon olnt 1104, The high pass filter 1106 mm

coupl e an &peRiY® clayit §w@lha$ fercammrRicatiaR SHPOWSI coapling el ow acfidrlajght
such as fop % LA rﬁ?&ct“ A?rﬂgﬂf'erdl Mda rig ?%{E%\f Sford Lélﬁ{;datllof

may al so cgup e an e Si gna OWE cy tran

recei ve ci ?\m:im Uasewmfaxgrﬁpmnml dvbgabﬁwar@agtmmwnmmh? BYilled dvttand
hi gh pass filters y be inplenented in a wde variety o

conf i gggat F"E‘;'ﬁgafﬂk?rﬂg a wi de variety of conponents and/or software as
is knowmn to one skilled in the 15rel evant art. As is known in
the relevant art, printed circuit boards are commonly manufactured or
fabri cated w t hAsne kaownmdnéhd aglevantcrt, fp'riméecgbmraﬂt beamtareed epoxy

| am nate sheets

ucha FR-4 fi ol yi_m de

fhoxi bl o maoEITanY faiatbeed o FoEErRcnEh Pogar e A Rauct  ve
Circuit trapeRyIARYrdiffofdcRpd sk g%nﬁ%ﬁé'sﬂ% &slh R-2%b wth a
predet er m nedlsgt hi ckness of ‘copper or ot hgr Féuc?féa%)rxe congﬁ%t |Sve
materi 20, &ppkypng rml)pm@ie)ﬂ@gbLetma'ernhtoepnoaﬂuceraeﬂ@cbluie cmndltbelae.tt ively
patterni ng-an e{.chi.n&ltthe mat eri.al ba dd desired circui
fouting uctive circuit fraces'may be created by o4 ing an insulating Iayer

with a predetermined thickness of copper or other suitable conductive

material, applying a photoresistive material thereon, and selectively

patterning and etching the material based on a desired circuit routing

25  pattern. Multiplayer boards may be built up in layers with adhesive. The
upper traces may then be plated with nickel-gold or other materials to

achieve suitable corrosion resistance, solderability and bondability.

Antenna traces may be created directly within the contact lens or
30 anoptic insert. The lens molding process may allow for insertion of an
antenna or deposition of an antenna within the polymer of the contact
lens. An antenna may be deposited as a printed, curable trace during
manufacture. An insert, containing the antenna, may be added to the
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25pattern. Multiplayer boards may be built up in layers with
adhesive. The upper traces may then be plated wth nickel-gold or
other materials to achieve suitable corrosion resistance,

| d bilit bondabi lity. Ant t b ted di tl
wthinthe CHEERT BHETS MoRingn Aspenenadesy b TRraLsd Shartomy
process mayingér 8 s%@ctib@@%féﬁfo@ﬂin@fméﬁl,ad?bﬁﬂlﬂ?@jéﬁbgﬁﬁg%éﬁ's%lécﬂf/elgg

antenna within the polymer of theé contact [éns. nt enna may
deposi t ed demovig metal, depesibieadigaidecurablengpndastdract other mgansnsert
cont ai ni ng {,he. ant.enna, be _added ta the .contact |eps duri

ol di ng. A BRHar Ay o e 2fienalE sidlar 18wt RS Breprdbegybea fot
sel ecti gel ya gipRAshddraghdRbeer, tHE pREIYal¢eaRsitibhig ohRepol§Ricperi vel y
removing nmetal , depositing a |iquid curable conductor, " or other
nmeans. The Hiagttetinstead;af fypcak ¢isuimoandhmaterialsni | ar t o what has been

described for 5a circuit board; however, the physical realization is
on a polyner or plastic instead of typical circuit board materials. A

coi | subassenbl Y\ oiy siisagmentiineiay Bsl nianufbetdisttbe wadhg enakrdl wire on
a cylindrical formthat is incorporated as part of a lens 10

assenbl y. Acatadwireion a gylindrieal fose thetisdneerperaiad astrart phatens t he
| . . | .
nttachdd 't GoRTbhEAkeRteP ROy o RABAT NG ltlhe Cpat b HIateRS | 1

wire to thetiuehse itbelf aexantioaally behdled edisedeor dtbenvisé iatiadhédtsecur e
rmy be"cr L3Rl RS ol e oo SR B o
I a conduct e, SRElabold de Uibiodhd SoELfk Mo WRRERIR G °°°°
assenbl y. fosdionemyetrampotiadsaltdypatecathbadidhent, a cobmaache cesatedpyf i r st
15  selectively etching, for example with a laser or mechanical means, a
spiral or circular pattern of conductive fraces in a conductive layer on an

outer or inner portion of the lens assembly.

An antenna may also be realized in a contact lens by first
20  fabricating a stacked die structure which is then embedded within the
contact lens. An antenna may be fabricated on a circular/washer or arc-
shaped layer, with conductive traces on one or both sides of the layer,
on substrate materials like glass, silicon or alumina, with the appropriate
trace metallurgy. An antenna layer may be combined with other layers
25 o form an electronic system, potentially including batteries, sensors and
any number of other electronic circuits or devices. The antennas may
be configured as full loops or partial loops on opposite sides of a device
or bypassing other devices, and all be interconnected through vias
and/or bridges.
30
Figure 12 illustrates an exemplary stacked die arrangement
incorporated into a contact lens 1200. As illustrated, the contact lens

comprises an optic lens zone 1202, one or more layers of electronic
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20 fabricating a stacked die structure which is then enbedded w thin
the contact lens. An antenna nmay be fabricated on a circul ar/washer
or arc- shaped layer, wth conductive traces on one or both sides of

t he | , on subs s, like ass con_or alum na,
Wt the agtrasTes tei4cadat Bettpas nfkaieui iy Bhe eRJCIRS
combi ned WiofrheOFzLU%" cdlﬁgﬁéés QMtBBfuc@“é‘Fba?'o?@Era%' rrfréfbéﬁz%@ﬂan e
potentially includin atteries, sensors any nunpber of

el ect r oni ¢ 1&08cen the mrimetﬂr(tbereofhé’harsttmhedsdlmebmpxmlﬂtegumtedhas
full |oops lte side evi ce

f
bypassi ng &‘Mﬁ% QL%LH& ﬁHS Qﬁﬁapgfs'ﬁd?‘é’%taﬁﬁ@g@%ﬁ tﬁﬂtr %ndbﬂ‘pklhieas
and/ or ri @gﬁénné’@défscg%a Hedein, indhidiAg #% @ﬁg@sm!@ga%ﬁﬁbeﬁxed' e

arrangenent incorporated into a contact |enS 1200 i Il ustrat ed,
t he cont actmyltirgor antaringe theaspicgltantenrner ﬂ'@@llmenn@ﬁubmsemblg

1556, “The S elsBliEenGABRIIEE g 1AP bobR: Brolnt B PeS B optr o
and a net alWithedt blsunggafk208 on the perineter thereof The stacked die

I's encapsul ated into the polyner formng the lens 1200. It is
I nportant to note that any of the 5antennas described herein,

et uchg, e Sl Ao AR Bfa i b B

encapsul at estérmzotradess, for gxmnplbpamfurwcénheoﬁf@wamﬁ loroa ciblibboirdg
substrate. 10Re ardl ess of the physical inplenentation of the
conduct i ve Vh@ & I8 85 congrctivedines, Printafl direelty en esdfargathe i on, on

a circuit *ﬁ%éﬂ?[f\éhﬁu PeAGHE e htéHind RAEE Lho(Rd PrEfkfSoiP bt &

directly on an
insulated from the surrounding conductive fluids found in or on the eye.

15 The eye's tear film is composed of three layers. The first or bottom layer
is the layer that coats the eye and comprises mucin which is created by
celis in the conjunctiva referred to as goblet cells. The mucin fills in
microscopic irregularities on or in the eye's surface which is important to
clear vision. The second layer or middle layer of the tear film comprises

20 awatery substance that makes up the bulk of the tear film. A majority of
the watery component is produced or supplied from the main lacrimal or
tear gland. The third or top layer of the tear film comprises a thin layer
of oil secreted by the meibomian glands and functions to prevent the
tears from evaporating too quickly. The agueous humor is a clear

25  waterlike fluid within the anterior chamber between the cornea and the
crystalline lens of the eye which is similar to blood plasma in
composition. The vitreous humor is a jellylike fluid in the posterior
chamber between the crystalline lens and the retina of the eye. Both
tears and aqueous humor may contain conductive components.

30 Accordingly, without proper insulation, undesirable shorts could develop
between antenna traces, or the performance of the antenna may be
degraded by the presence of a nearby conductive fluid or material with a

high dielectric constant. For example, a tear film, as stated above
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material formng the lens, the antenna traces should preferably be
I nsul ated fromthe surroundi ng conductive fluids found in or on the
eye. 15The eye's tear filmis conposed of three |layers. The first or

bottom |l ayer is.the |ayer ,fhat, cpats the e and conprises, nmucin
whi ch 1 s CROMBPER BRI Ucti NGOG wrtet PUY SPUreis oHUTB S8 o
cells. The ﬁwemagwéérsnwnrmga@&ﬁmqnaectrrcr&apéﬁrest\fbrﬁﬁ% eBulRl cHahden®

eye's surface which i's inportant to clear vlsion. second [Fayer or
m ddl e | aydhe dfiningeirequendyireapensepand effickncy ofdhe@ptanntzst ance t hat
makes up the bulk of the tear film A majority of the watery
conponent is produced or supplied fromthe main lacrimal or tear

gl and. Zhe thi rq%éférrir@nd:@l’@ﬁgﬁreﬁ@etﬁ&éﬁsfllhlsffhfe@”ﬁ{bt%%-s%d@hn I ayer
of oil secreted by the nei boman gl ands and functions to prevent the

tears fromtlregpereneplay embodimentsof anmrmq@mﬁlgslraimlmlen%esatf@ar 25
waterlike f] t.he anterio anber en the corne and
the cryst al PRt e, R a0 A e Eamb et SPAHE
conposi ti orirciih®odrd 1 8OR!Bn WHTBH théaﬁtembltrédései Joandyibe pateernest er I or
chanber between the crystalline lens and the retina of the eye. Both

tears and d¥sRBIINRGh s theegircadhaard 1308ds#he lﬁélsdbﬁ@dﬁérﬁoﬁ an
S0Accong n%'lé/ctro%ct. ngPOR%%eIr?:dSnSNII] éu?a]tlnrgtﬁggﬁéﬁw ? c@%%dacfﬂ qul d

devel op bet'ween races t'he pe na may

be degr ade(anbsynmht?amﬁs"émemtfacalelme]jdlym@r)mgmztehuapédlaﬂe@ the omtiter i al
with a high diel ?CtI’IC constant. For exanple, a tear film as stated
above conpePeEd WQ\@'H%t(ﬁtPQnCQfFPW%? starkedddie i ons. Hunan

tissue as ‘é‘?rlal @aeﬁﬁ%zmm 3 ShedhH IQB&]’ %fés ‘#gqunggere“rh s which

coul d change t e tuni ng, frequency response an ncy of the
ant enna. 5SR&fakedidig armwgemelﬁit dG22 Al3p cohwrizesa nlimbet obkgdrs ofn

cross-section, three exe di ne of antenna configurations
in len § it %ﬂ%meon%'g@ﬂ?@é ?535@51 f@%ari%mﬁde Wawrsuéfa%afed
conpri ses | races
Comp oes. 23DBaaPLanEHSCu fust o fAdRo) ke BASIRE 2000

| ens nodul @nlis@grated clioeit &t rensiverc deyen@336 mMaB0&mprise, rfeul at i ng

| ayer 1310 i s C(I)ate
example

Itlplr?e bar}Fery layers or other energy storage devices. Layer
1332 may comprise additional circuitry or antennas. An insulating layer

20 1324 may be coated on top of the antenna layer 1326. Once again,
contact lens polymer encapsulates the entire assembly. Lens 1340 as
illustrated, comprises an antenna 1342 mounted directly on the polymer
forming the lens 1344 with an insulating layer 1348 positioned thereon.
An integrated circuit 1346 may be connected to the antenna 1342, for

25 example, as an RF receiver. The contact lens polymer encapsulates the

whole assembly.

The insulating ltayers 1310, 1324 and 1348 may be implanted in
any number of ways. For example, on a circuit board, it is typical to
30 implement a soldermask layer which insulates all traces except for
defined pads which are left open to permit connection to components
such as discrete components, battery and/or integrated circuits. In a die

stack arrangement, underfill or other adhesives or encapsulants may be
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antenna traces. The contact |ens polyner 1312 encapsul ates the entire
assenbly. Lens 1320, as illustrated, conprises a stacked die
arrangenent 1322 with an antenna | ayer 1326 as the top |ayer. The

t acked di 322 nb f layers of
T56l 60t r oni S B RRR A T ac e oTa A 2EaEE AR gelingn Ackvor o, Layer
1328 may CQig¥idrPatili F\ljl':tjiﬁ%hnﬁftrdcdég%éWb?s%géﬂr@%?ﬁ%%ptfc olfﬁé@F"%IrF an

integrated circult recelver. Layer r 'exanpl e,

mul tiple banstdagvng Byer mayrbeadhpmsmdethggugh siaagardj@be/pmmimn tayer 1332

may conprise _additional c rcuitry or anten An insulatjng |ayer 20

1354y, baoebil et iR irtherterRReo Tl kir SossSien b o

cont act 5l e'ﬁnyp@ﬂtﬁ%é a%ﬁ?@ébh@b%%?uh&@g% Hhsrm%g%‘rﬂgb Lens 1340 as
o

illustrated, ‘conpri ses an antenna 134 unted direCtly on the

pol ymer f oraﬁCﬂgsulﬁéom,englugiMpanatyimeaaoatmgudlateah-g: Hepesitidrg48p

posi ti oned on.. nte rat it 1 e co nected to

t he antennao%gﬂ SR"&P"? n%gg%ﬁn nga?hz?rfnﬁlﬂaf ”%él?éﬁ e RB act | ens
pol yner encapidmicsietine st ﬁtﬁﬁx@rﬁrbgen@sfaﬁléabﬁ’éd ng | ayers 1310,
1324 and 1348 may be mfpl anted in any nunber of ways. For exanple, on

acircuit @&ﬁi@ma@net@ i} oiven the sperifisltsmesraeqnelny dad separatioper
whi ch iipsul ates all traces except for defined pads which are |eft
open tO permt connection to conmponents such as discrete conponents,

battery and/ or iRefegingtreslv ¢ Figjuiré 4 3A| theteds Rlustrarld, & cRRIFROOR,
underfill or other adhesives or encapsulants may be used as is

standard prRantag lens 4pe0 havingreliplesempapentsginclusingagiesngn

utilizing j - o]

"l 2 2 RS ER A AR A e SR TSR P B,

coating t ecbmpquesanyrmma:blmsmrfmzammludmg@mtcmtt hrapd esibcdrgor dithest ry. 5

Any of .t hese approac undergo further insulating or

encaps&% at MEP& Pn@%?@cg %B‘?ﬁ%{Pob’m"eQE ?“Y:Oﬂ'@éom tion, dip

coating, SBtht?é’t@%Q&ri‘éT s 'f T\Wﬁh 'ogﬁb' 'aﬂH'rﬂ?taﬂEttF'éd ) t have

sufficient dielectric strengt e présence of an applie

el ect r omagaetennaf tratas ‘g?oﬁ/ﬁbmatyltm bpmedforctherad:strg@ﬁﬁﬁ? yitifridg any

separat| Onsuﬁfaoble technique such as those described herein. For an antenna

implemented as a wire assembly, the antenna may not be formed

20  directly on the substrate. An insulating layer 1366 provides electrical
and mechanical insulation between the antenna traces 1364 and also
between the antenna traces 1364 and the surrounding environment,
which may include a biocompatible polymer 1368 and the ocular
environment 1370 which includes the tear film and the like which comes

25 into contact with the lens 1360. The insulating layer 1366 and the
biocompatible polymer layer 1368 may also provide chemical as well as
mechanical insulation for the antenna traces 1364 and the substrate

1362.

30 The physical separation between the antenna and nearby
substances with high permittivity or nearby objects connected to various
circuit nodes can affect the antenna frequency response, tuning, and

efficiency. Parasitic capacitance may be distributed around the loop
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Referring now to Figure 13A, there is illustrated, in cross-section,
a contact |lens 1360 having nultiple conponents, including antenna
traces on a substrate with insulation thereon. The substrate 1362 may
conprise any  suitable surgace @Pcluding a circuit board, silicon or

ot her 15mat@HPRNA GEWNY suasiantialy altgredqariarmangsiftam g dasien asal.any
ot her subst I j r i ' iC
traces. Theégﬁf Smﬁr?gé%i’h%g? eﬁ‘a‘ﬁﬁﬁgﬁﬁﬁﬁ"gﬁggﬁﬁﬁéﬁﬁ S r%@léé 1362
utilizing dracestoiawid patasitoncayupdingu Electombgsetiodisld sirheldtibes ei n.  For
an antenna | nted as ire senmbly, the antenna not be

f or med 20disrhgﬂqeg§8ﬁrfgﬁgegE‘Bg??'gpzﬁeﬁ%??'ﬁ%l PrRICPENGS OFMRBIDYr ovi des
el ectrigal gyektsRmRAaiERIndegsul ati on between the antenna traces 1364
and al so between the antenna traces 1364 and the surroundi ng

envi ronment, which may include a bioconpatible polynmer 1368 and the

| i t 1370 igh i the t fil,) d the like
aﬁ?cﬁr ng;lsr ggi nt o O 0 ﬁ]gﬂ"hgﬁhgﬁ\%z%és @gﬁtgaﬁ%ﬁ‘?}ed'gﬂaapm@ﬁt'gg : ayer

1366 and t hephisenttipatdftrtemed ¥E8s phingitic é&ﬁﬁinp‘ﬁmﬁé SteRharte

chem cal as well as nechanical insulation for e antenna traces 1364
and the sub$02anay begmplegueniedpiyany avitalde subsirate tlOmvdrich yant enna

and neapby . -\ i permttivity or nearb bj ects
connociBa (5103s ARERIHoRP B A MRSt iifin Sl syleRIe bRl ERsG L ency
response, tsuschrg, thess desthdneisin. PatRsH donfpsiiie H 566 GRolirEd bf

di stributed around the | oop antenna causing substanti al Iéaal tered

per f or mancé¢ pubstiae 1RO aid lgsated mopinateithe @ntennantrace 4402 IMAYbe kept

as far as ' s ' itic
coupl i ng. PR sanG aitraRt 1802 ot dePadiP b BHERER! o1 e 1o
desi gn t he represanted by tdeagined604.e Azfpreeiiubly desehbed) s ael as
subst ance now to Figure 15, there is illustrated a

S o Lrurni . re | )
di agr a tikEOYVErSPé@%ﬁ?‘a{h?%ﬁo%‘?“n&rméﬁﬁégrt'f#%'@wmpéﬁ antenBaupl i ng. The
antenna tr I ; J ate 1500,
whi ch may ?%ﬁgirﬁ %ﬁ%@gwgp%gsﬁﬁhﬁﬁ éﬁg? %gug% @tggctiéjteﬁ@fggﬁ) g any
sui t abl e t éuiedagjingshe separation 1508 between the antenna trace 1502 at the

other components 1506 by distance or through shielding material.

20 Figures 16A and 16B are schematic representations illustrating
the concept set forth with respect to Figure 15. In Figure 16A, antenna
trace 1602 on circuit board 1614 is close to traces 1604, 1606, 1608 and
1610 as well as electronic component 1612. Each of these conductive
traces and/or electronic components may cause distributed parasitic

25  capacitance along the antenna trace 1602. Accordingly, a single

solution is illustrated in Figure 16B, wherein the antenna trace 1602’ on
circuit board 1614’ is separated from traces 1604’, 1606’, 1608" and

1610’ as well as component 1614’, thereby decreasing parasitic

capacitance and improving antenna performance.
30

Antennas or antenna systems may serve as a means for receiving

signals, as a means for transmitting signals, as an inductive coupling means, or
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such as those described herein. OQther conmponents 1506 nounted on the
substrate 1500 and | ocated proxi mate the antenna trace 1302 may
couple to the antenna trace 1502 through parasitic capacitance

ted b t 1504. evi ously descri bed, as well as
1 Sknown i n qwfcwaﬁlna o0 ihecr@afﬂ T@%ftﬁwogém aRigARa feterpives U depign as
f Hoyws t
hcr oasi ng LTSRy Sippoithe BELAY. R aaiie h SRkrR B YEER, P o

ot her conpdaeegiver diffat, Iawms‘mmtacelrcmit ahrlndlgi‘uvemoejpdnglglmm er tcaainy

20Fi es 16A .and.16 e i C re resentation Iustr tlngthe
concopt - setCoRHNRIG Miotedls ARCAl: AnGile YR 4ol irrbodas atdmans

trace 1602 épébtﬁdrﬁgghéncmémoﬂfﬁéﬂub%iédtﬁéeﬂ di$, 3968 MgnaiS Mo 1608
s MR sion

and 1610 as well as el ectronic conmponent 1 ese
conducti ve &Ie@mamﬁtloowa@feuns 0 electonplsigmls lmtawlftﬁemséem:!a‘toaﬂ blghed;

nat e sol dieanerus s BeBhopysrnoR ity Fiesbfinl kirs of fi Spfiiand s

trace 1602 asgamgtgcp@n-du,tbpard 1614' is separated fromtraces 1604',
1606', 1608 and 1610' as well as component 1614', thereby decreasing
par asitic capaci tance and i nprovi ng ant enna performance 30 Antennas

or antepna syst ans_for r e|v nal s as a
means 10t ransieonRgrEfde BalBR ekt srRR AR et
any conbi natJbs@qmémryeﬁébeemfpmén@ﬂ iffa @imBBE snway:detrﬁérﬁ@ BREmb!
design as well|l as its supporting circuitry. For exanple, an an enna

may be couffeRpdigent teesirgdts miayda implementatsusing éhscceﬁeoanalog an
i nductive %BHI?Jdn@ﬂfsc' i Cé,Hd’t feﬁé?n@gﬁ] ﬁ%?gﬂﬁ%"ﬁ?ﬂ*et &f’étﬁ@fmgﬁﬁ' cally,

an antenna I's an electri ca dévi c
implemented in integrated circuits or a combination of integrated circuits and

15  discrete components. In yet another alternate exemplary embodiment, the
circuits or particular functions may be implemented via software running on a

microprocessor or microcontroller.

Referring to Figure 5, there is illustrated an antenna 502 and associated

20 radio receiver 500. The radio receiver electronic circuit 500 comprises an
anfenna match circuit 504, a receiver circuit 506, a controller 508, an actuator
510, a battery 512 and a power management circuit 514. In this configuration,
the antenna 502 is adapted to receive an electromagnetic signal 501 and to
provide a received electrical signal to the antenna match circuit 504. The

25  antenna match circuit 504 may comprise any suitable circuitry necessary for
balancing the impedance between the source and the load to maximize power
transfer and/or minimize reflection from the load. Essentially, antenna
impedance is the ratio of voltage to current at any point on the antenna and for
efficient operation, the antenna impendence should be matched to the load,

30 and thus a match circuit is utilized. In this instance, the match circuit 504 is
adopted to provide an impedance match between the antenna 502 and the
receiver circuit 506 for an optimum power match, noise match or other match

condition as is known in the radio and circuit design arts. The receiver circuit
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Sel ectromagnetic waveforms into electrical signals, electrical
signals into el ectromagneti c waveforns, or electrical signals into
different electrical si gnal s. The di scussion bel ow focuses on the

th di ff t uses of tenpna and its associated circuitr 101t
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?ecgi vg§ P&moﬁfﬁgn?@rf%ﬁ(zo'b?ﬁ‘?r AN pasRd ORteer InfRimationa 86N 88 ot her
mat ch Condiﬁfbﬁﬁaﬂ’&w bésé‘d‘g n sBnbd¥eddtd gtt@hf 513 brARSIT sBLER ofThe

receiver circuit n%el ses any sg e crrcurtry necessary?
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a denodul at ed si to the controller 508. For r ses | a
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20 provide a workable output voltage suitable for use by the other active circuits in
the electronic circuit 500. The controller 508 may also be utilized to control the
receiver circuit 506 or other circuits in the receiver 500. The antenna 502 may
comprise one or more of the configurations described herein. For example, a
single-turn loop antenna, a multi-turn loop antenna, a spiral antenna, a coil

25 antenna subassembly or a stacked-die configuration or arrangement.

As is known in the relevant art, the optimum transfer of power between
an antenna and a receiving and/or transmitting circuit requires matching the
impedance presented to the antenna and the impedance presented to the

30 circuit. Essentially, optimum power transfer occurs when the reactive
components of the antenna and circuit impedances are cancelled and the
resistive components of the impedances are equal. A matching circuit may be

introduced to couple the antenna to the circuit that meets the optimum power
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nodul ated (PM. O her fornms of analog as well as digital nodul ation
exi st. Denodul ation, on the other hand, involves extracting the
original information bearing signal fromthe nodul ated carrier wave.
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to the contiraisiescriggon aheaandbaray algwmfpriqptmurn oMy itiester to occur
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current fromthe battery 512 and condition it or regulate it to 20
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ant enna, aOf fiductive gheeing ceilharsiypisially betveeen 48k eandhentemaind)r at i on

of power popianales nf ARkCCiEfh hesiort RhoeSiah Be ARG A petESR
circuit reQoidgrebi0®biaifcradshe | npedance presented to the antenna and

the i rrggdance presented to the 30circuit. Essentially, optinmm power
t ransf occurs when the reactive conponents of the antenna and

circuit inpedan I ; i StV nens s. of e
i npedances are g@%a%i&%\t%ﬁgﬁ @r’#ﬂ%gcci ﬁ(@%lg{% n&i@nﬁ%ério tsﬁgggge@]‘{l%esc:oiéﬂ]e
t he ant ennaxampld)dheiactusitdr 5 1Rmayessmpliseamptypaon flevrsmetiiaticdlelevice,
criterion at each, thereb ogﬁl{]ﬁggﬁ ng for optinum power transfer to

occur  bet WeRAMICRPY 1y (thesiatieataaManaise camprseet
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maxi mum current or voltage at thé circuit. cIrcuits "are well
known 20 t betuater S{imanbdrepihcgl witie at aohtriled dévicerseich as a tight emitting

component 8%’0%% c%’sdiggg %?riaty%rrsdnyi or}ﬁclélrc él%{asblg Hldsplay or user interface. In other
words, the circuit 500 may utilize an actuator (action device) or a controiled
device (passive device). As used in this context, a passive device is a device
that does not output to or control another device, for example, actuators such
25 as motors are active whereas displays or monitors are passive. In contrast, in
electronics terminology, there are passive electronic devices such as resistors,
capacitors and inductors and active devices such as transistors. Active
devices as used in this context are devices capable of changing their
“operational performance,” such as transistors.
30
The battery 512 may comprise any suitable device for the storage of
electrical energy. For example, the battery 512 may comprise a non-

rechargeable electrochemical cell, a re-chargeable electrochemical cell, a
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resistors, or with conductive structures, such as traces in a circuit
board, that provide a desired inpendence characteristic. |npedances
of small RF | oop antennas are typically between 20 and 50 10
nanohenri es, and tchlngwconponent valves are in the range of 0.5 to
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devi ce (passive device). As used in this context, a passive device
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are passw@@;ltﬂﬁﬁ@@,mmtstwl ces such as resistors, capacitors and

i nductors and active devices such as transistors. Active devices as
used in this context are devices capable of changing their

515y compr | SEany TRuTuis ERRER. A3 ihBlieg Shantgrnalalia 3L

ener gy. FomseaciatderadidBahahiterorradiotmnsaditer ¢iRRItes0NThéE e&diar geabl e
el ectrochem cal cell a re-char geabl e electrochemcal cell, a

st or agé el FENSBIRIFIBElroRie circuih RAP semprises a6 aenna maich siraeit 604, a
exenpl ary gabagy @H{&U:t%fib%téo?&%llngOQ BSHE;?)’ 6eﬁ) d%s n@ﬁ% A rﬁ&@ggeﬁgﬂye

with respect to ener harvesti ng or’ near
coupl i ng. Alrteit B&Elamdlg/semmlﬁalml clalthisi et plary enbodinmentathe@aeAna®p2
be utili Ze?s éga&e cr)erlctagel\% ahrﬁgt\é: (SaEi trpansmlt electrical signal from the maftch circuit
604 and broadcast or radiate a transmit electromagnetic signal 601 based on
20  the transmit electrical signal. Similarly to that described above, the match
circuit 604 may be configured to provide an impedance match between the
antenna 602 and the transmitter circuit 606 for an optimum power match, noise
match or other match condition as is known to one of ordinary skill in the signal
processing art. Rather than working in conjunction with an actuator, the
25  controller 608 is coupled to and configured to receive a sensor data signal from
the sensor 614. The sensor 614 may comprise any type of sensor, including
mechanical sensors, chemical sensors, and/or electrical sensors. The
controller 608 provides a transmit data signal to the transmitter circuit 606
based on the sensor data signal from the sensor 614. The transmit data signal
30 may be further based on an internal state of the controller 608 and/or the state
of the other circuits coupled to the controller 608. As before, the battery 610
provides a source of electrical potential energy for any of the components

requiring energy (active components). Once again, the power management
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5 The power nmanagenent circuit 514 may conprise additional
circuitry for a wwde variety of functions in addition to regulating
the output of the battery 512. For exanple, the power managenent

circuit 514 may ¢ rise circuitry for nonitorjing various battery
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broadcast or radiate a transmt el ectromagnetic signal 601 based on
20the transmt electrical signal. Simlarly to that described above,

the match cir cuiRig@@4 MaYtraRsERNElalb e dir%uﬁ%t’)i&%p?}%biﬂy?ﬁﬁ'ﬁd;%&ivgm ch

between the antenna 602 and the transmtter circuit 606 T _
opt i mum poweargiag ceceive skhanaliectionic aitchidi7 Ofecarhprisasd reatifiensircuit KO2van

to one.qf qrdi Kill. ir | ghal -processing art. Rather t

wor ki ndi n e RerRble Gt A sy 7Ry RSt ndddarascas B, a
coupl ed t o canthol&nf1WEAGAntAHIABLTYE, A SSdtiRfary RidacEiabRéuil 7o4nNd he
sensor 614. The sensor 614 may conprise any type of sensor, including

mechani cal COHRlsgte andheliovisiels & pewer signahle/the rectdfiar circuit 768n¥hes. The

controller ' : : e ' . e.transmt.ter
cireut 608oRondshaTRR el s SRLPaRR h shPeha IR MR e
transmt daueest gnabddOethpy Bembghétiefielddrad 208virBany dkcRitAbt Stawe). oh
the control | er, 608 and/or the state of the other circuits coupled to

the coher oltfeFingR8st IREMBeR pddifief piscyheorvs)tssam aliewiting surreabin a dirget
sy CacCPERLLTAL EAREPYit 1021 Lok R AIRIIRSL A Lok efany
using a diode to allow current to flow in a single direction. The inductive circuit
714 is also shown in its simplest form with a coil in which current is utilized to
create a magnetic field. Both of these circuits may be much more complex
20 depending on what is needed for the particular application. Those skilled in the
art will recognize many alternate exemplary embodiments of resonant circuits
and rectifier circuits, including full wave bridge rectifiers which may or may not
be coupled to inductors having a secondary tap that may improve the efficiency
of the rectification, but essentially perform the same or similar function. The
25  rectifier circuit 702 rectifies the power signal to provide a direct current (DC)
signal to the battery charging circuit 704. The battery charging circuit 704 is
coupled to the battery 706 which is also coupled to and provides energy to the
power management circuit 708. It is important to note that while the figure
illustrates an explicit connection at a single node coupling the battery charging
30 circuit, the battery and the power management circuit, there are a wide variety
of implementations with separate “managed power paths” with switches and
switching networks to selectively couple the one or more devices. The power

management circuit 708 may provide a regulated voltage supply to the
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circuit 612 is configured to receive current fromthe battery 610 and
to provide a regul ated supply voltage to the other active conponents
inthe circuit 600. The antenna 602 may corrprl se one or nore of the

configuration be or., exa | e- n | oo
anten%a a %?rtoﬂ ﬁ Qaﬂgéﬁ?‘éﬁ mg [I'gebcoglﬁ'pﬁgr ?B(ip‘@g{n%e F”[{{"l'% cpnPgured
ant enna_subgssesibb vnahd @aﬁir%@?@l’fr@h?t}‘%r ﬁ@ﬂ@ﬁ'ﬁ%ﬂhg@rﬁeﬁ?@%&ﬁ?@é BAf to
Figure 7 illustrates an electronic circuit 700 conprising a

i nduct i ve dhavigergniretsignals.tothe pewss mandgeneentaincuit 706. ch'mmniezllea

oo & pond T aokiERan SohBioh TohiBYsiGRA 8 athlatt 417 JnorRedir ¢ o
712. A secapdeiy chaditd tYICTIS tidy sbhbeithiec BRUBHEOIHy RTINS HRCAEF08

power signal to the rectifier circuit 702. The secondary i nduct’ve
circuit 714ndstheaveiablg vojtaga fiongthe raddifier eikelit 702 ihe Bvailrdble yoltage

i s produce I [

im Tsthe. siogtese TERTbe Satte folddia ) Rt TBagefl it 5 BYqd A HiBleg
current to cﬂnae@écﬁtetvep thé¢rethe battery chatgihg efrcgit 704intay &#arge thé Ibasteraiss
inits sinplest form, essentially using a djode to allow current to

flowin a Sihgrherya@diowliagedsitee iry pme:b@mtvoﬁ@geur%aql%dhgmﬁmed
inits 16' MRS éed‘ fRREL. V‘Tﬁé‘g&nﬁ&\éfr 710 AL SRefAE Lﬁi?fer'tﬁeDHéﬁtHl%?%n iBternal
create magnetic f1 t hese’crrcurt

conpl ex ZOMenﬂadgnererHGIOpirscmededre‘ and Bb&waeartd mﬁcmicaimdnteaaa .
Those skille%ﬂlnthe ar WI reco e many alternate exe

enbodi ment 7 B%’ﬁ%{ﬁf@ {0ty é“ 4@ poner managament Q’rggltl?@%ﬁ&
ful | wave t&hbﬁﬁéarne&ﬁéréhrgéaﬁ]d&f@% or&Fo[rfﬁé!aBRIat@re?‘Fd)u?fl

i nductors having a secondary tap that may i nprove the |ency of
the rectif ma’nag:emerhﬂmroelﬁsm&maylsgngem@batterrya/cﬂfage amd psrbnidleaﬂn

f t Th 5 f 7 i fi th I
br ovi dd3a dMEEI Nt chrgm AT e St Tib ar peRdiatd e e
704. The bafpepitibrebrhei ddetrelécH ¢ m%@/”dépﬁerﬁj%ﬁ)tl@lnﬁﬂzatt&%@@élta?ﬂ/ 706

which is al so coupled to and provi dés energy to the power nanagenent
circuit 708hereforeshe sidetcdishatge efothe haitery Vdd! & hemacbhgar}emductlve

pat Cory chalgihg 308 beiRSE Bl aforsro AR IR sk 4 flehd ndfer

circuit, themdosp %n@er\Mad%ﬁh‘aratﬁéMn@fstmm?Jr@éTHﬂt@étb[Dé\me\ﬁhé RuBABSSRADbR.
managed power paths” switches and switching networks to

sel ect Qely couple the one or nore devices. The power rranagenent

circuit 708 may Vi

710 and actuat orﬁgﬁ%fn%%h@?:(%ﬁtﬁrg%? h@%é@@%ﬁg@f {91?: @(%ﬁ ?‘é%‘ﬁ@{aé
receive an andchmex@'nplargnpﬂcél e ammmmmwmmemﬁwnmsﬂ@l&dand
to provide control power managenent circuit 708. The

control | er FrAWeT ob$ :'J@@trarﬁda&ﬁl%awﬂll@aﬁm& iCOmTiSes & sNtERltiansitter
712, 1In Op%’bﬁtdr%”?n bﬁﬁcaﬁ@éﬁé Séé/e;ggﬁrm”grﬁé EGHrd /R fTRYr 869 iy NE

battery voltage o atte
25 comprise an antenna 806 a transmitter circuit 808, a battery 810 and a user

interface 812. For example, the user interface 812 may be an optional
component. The antenna 806 may comprise any suitable device such as
those disclosed herein. It is important to note that the battery 810 may
comprise any suitable device, including rechargeable batteries, non-

30 rechargeable batteries, one or more capacitors and a power supply that works
with an AC adapter as described above. The user interface 812 is coupled to
the transmitter circuit 808 and may provide butions or similar means for a user
to control and/or observe the status of the transmitter circuit 808. In other

24



and the avail able voltage fromthe rectifier circuit 702. If the
avail abl e voltage is greater than the battery voltage and if the
battery voltage is bel ow a desired charged level, then the battery

charging circuit 704 ma the battery unti I ther t
avai | abl e WSPPSglS Wserdgte FiaGe &l 2By Gapes W%fggler@seﬁéihrpﬁsh which

desired 10chgsgestd §{or maEc&A a{n‘alér?d cdrhth JAYat8RGTHHR t%}%%lttgpercun

control of an |nterna stat’e machi ne or m croprocessor core
sof t war e t B0Sesuaidas buttgngrioech acrieew displaysgyor aoywthestkaben raedns.oThe

d the ' 08 h
and to- contienier BRAAEAT borteratenand B fqéa&@%%g?nea@ﬁ%&%%t%ﬁ
sense the hﬁébﬁféhﬁ@&@ﬁﬁ?o%@t@b?ﬁéd&@sﬁé‘tr%?nbﬁﬁ't' &é&ﬁ&ﬂa@ﬁeﬁé‘éﬁ ALPS

charge of the battery 706 on the indicator sig e’ o era I on o'
t he cont r ol The tramamitelecirpedanatic sigreal i8BRdiroay be beisgdain amirctl hm‘oa‘hati@n

the state qf batter 06. The secopdar ve

circuit 7139 ﬂ@@ggg)%ﬁ?é"ge RBeIE© n%? 0'6'?"83}1@% ?'ﬁla\ﬁ 'P% asrtﬁt@rﬂfzihea
nul ti - turn ypRmitet 8OMaThe Riptishl [8As 888EMBly 804 Ha§als® E:oﬁlpﬁ@é lancdHtBRRA
subassenbly. 20 Referri ngﬁnow to Figure 8, 'there is illustrated

an exenpl aBjl4 parelestrarie ciekit & e&@ﬁblmwbgwba@ntla&nsmﬁl@smrﬂ1eyc1rcunt

overal 1oy S0 E0e BT aleft SRl &1 Wi i Sastontl 7 i ey

| ens assentdlattBvc cifhigt 8tharedincbrvratedi t er 802 may 25conprise an
antenna 806, a transmtter circuit 808, a battery 810 and a user
I nterface 812. For exanple, the user interface 812 nay be an optional

conponent. The i Ldev]

Chobe i scl osed THAERRR FdGBNLSOMRS S KN pBI WBR P EiCor Uiy
may corrpr i sgtleaiyessl asﬁdzrhblydE\gwe,g illunsttatds ag e)@nﬂﬂagaabhﬁnﬁgadﬁa@gings
non- rec eable batteries, one. or nore capacitors and a power
suppl y halsy%@?’kg&\napﬁ alheXRMBERY, PRlical denfeassanly 9deneluding auser

nterface SleohdaryMRle!chelROOb/ A blekirofild Gt S8 A ifiRiive

provi de buttons or? simlar neans for a user to control
t he status cbargm@ systamsiaﬁ}Z cempuses ai frinda§. inductovieharcuitedsd an indwctiveer

oper nt o - g re Tt A DA A PR A 2 T PR bR S TP prevdey £ sorroas
such as bublélﬂﬂ%alfp@téi'hlaﬂiéhémtQ'tﬁ@hlﬁLﬁ:ﬂQé RS dYELirdGR DA nﬁ?@mduzh%

transmtter circuit 808 generates and provides and el ectrical
transn?® sirgnamitter dreuit@18raenanatesand mroumera dtbve)slgadb’@stheeprlrmawsm t

my. be backiubiE sREPLPOR N ot GRMBRG AR A A REMRobRiC pERangPe

and/ or ey pHmaPReRELIDO0BN THY Brifmaky ﬁrid@bﬁv@&.rémeg@g AEdrhBhisB8Ry The
optical |ens_assenbly 804 nmay al so conprise an antenna 814, an

el ect r oni ¢ Seitaklgidesiine forgwasiplanyith gitbabseren puparaliel citouirarangements
CITCUIt  a5is well known in the relevant art. The optical lens assembly 904 comprises

25  asecondary circuit 906 and an electronic circuit 914. During the charging
operation, the secondary circuit 906 may be magnetically coupled to the
primary circuit 908 such that the induced magnetic field induces a current in the
secondary circuit 906 which is provided to the electronic circuit 914. The
electronic circuit 914 may comprise a circuit substantially similar to circuit 700

30 (Figure 7) and the secondary circuit 906 may comprise any type of antenna
such as those discussed herein. The electronic circuit 914 and the secondary
circuit 901 may be incorporated into an optical lens assembly 916 in any

suitable manner such as any of the exemplary embodiments described herein.

25



10 500 of Figure 5, and a lens structure 818 with which the antenna
814 and the electronic circuit 816 are incorporated. Wereas Figure 8
illustrates an exenplary transmtter and an exenplary optical |ens
assenbly, Figure 9 illustrates an exenplary inductive charging 15
system 902 and an exenplary optical |ens assenbly 904, including a

secondary i nductineciargiy %/gg&(ﬁ; iRGraAG B BgUFO9IRaf bé GhbdrpSikfed HIS any

i nductive charging system onprises a primary 1nductive circult
908, an i nduenberoftsuiable devicesi Figure 10 1ustratesaam axemplarg tantathéens

battery 912 praovjdes a source of electrical potential ener o the
nduct ] ve. (EaRHOR: BrSerraliee Shefaid aVethi of ik ERonBlard AShiktt lshs'5te
Ci r cui t 5910 cpen@IaBesPIBfs PoRIErd@D4aadircUR baked 8008 Cart MIUBHVEBEMSMitter
i nductive circuit 908 in order to 1Q?Oe]nerate an alternating magnetic

field in tHEcpitilREByapomarisoupds]0theanst a pamary indlustive antgnmasstrugos

may conpri n i I i for. examol &,,. W it he ries or
baral ol o 003 A EPhEARFRf T2 4 Romip¥el b R paticd e brdtie SREO Y
The opti calind@fiversenid stroGdre 008 TBE |@5116€F ANitlastyated i prdfil@andand
an electronic circuit 914. During the charging operation, the

secondary dhrethe oplivgl shycibee itaapiathiondl. | i ersipliens a usensmply plaegs the
Sy . y GO . ont

The' sedfnadet £014 1o thoBrigHUTEMSTETTh fors Goifiol PML st ih' i ¢

914. The elnesrtnerito @ptintadlyidligh bhdnashioa desited abidutitiof nsagprtiaouplihy

simlar to circuit 700 30, (Figure 7) and the secondary circuit 906
may conpri SEMHRGN g Beeandany Biivetive antesna Heidurg L&l thpdmary The

el ectronic é@d&i%fan?%é@ﬁu thf‘eef]@fﬁaﬂ%%f:éﬂeg%gi ﬁwa%ﬂétié*ﬁééld%ef 1001,

i ncor por at Into an optica S asse in~any sultable manner
such as any of the exenplary enbodi nents descri bed herein.

The charging systemillustrated in Figure 9 may be incor ated into
any nutber of - suvoma BEWELSS dargmubicaion fele R sae CLHAHANGSP.
contact | engoGfbs0d dHAFT R AUl §1§alRer) owéE s Bls difoteX lary

@Qa'ren
contact |ens case 51002 conprises g?gns hol der €004, a circulrt board
1006, an i me@dating bodigssare suficierntfoucemromdsativnpoweRFsmerge haoestingnd

[ induct i t t 012,..A t I 4
Conpri seb e er gy LR s o HivihSs Hon g ST yEPERn dakband,
structure }(H815 ThegadiRie ISM Hahg andltHe X AGRAHCRZISHf bAgd.aprer phwer t he
optical structure is not shown. In operation, a user sinply places

t he 10P@ns trapsteri afrequracy ehabeid theo nugrheTizeas eprcifieg et comMans
shaped in RFID band, provides a relatively high allowable field strength and high enough

frequency to have efficient coupling to smali structures. Regardless of the
normal frequencies and power utilized for a particular application, when using a
device on, in or near a biological organism, the various parameters may need

25 to be tailored for safety.

Energy harvesting is a process hereby energy is derived from any
number of external sources, captured and then stored for use. A typical
example is an RFID system, wherein a radio transmitter broadcasts RF energy

30 to power remote devices. The FCC and/or other similar regulatory agencies
set forth specific guidelines for transmission, including power levels, which

address various issues including safe levels of energy.
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manner to optimally align and achi eve a desired anount of magnetic
coupling between the secondary inductive antenna structure 1018 with
the primary inductive antenna structure 1012 an indicated by magnetic
field lines 1001. 15Typically, for wirel ess comrunication, there is a

range of frequerlBiasaligipaimexenpapsgabedinentylenses gy haépnstrugiede
Doyl _ . ; _ rio .

Pommuni oat (S ShEHEeRY e e dldriss G166 SRoRif Rl A UERnerfEation of an
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Regar dl ess shiapetandior caifiguratipreand eaotned op cxatinguthiapiezart/bocoriguration
i n, or near

particul ar | jcation, when ysin . devi ce on, .

bi ol ogi cal BIgkiSHe-keieeds B oPptionoiay derlpiIARiainesss ¥ t ai f or ed
for saf ety.piezoelectFbPAtEriBRI MRS EhdANKSE 1300 RSF A RS &m'n% 8¥ dictro-
derived from any nunber of external sources, Captured and then stored

for use. Aapfipilens sestath@téhe sumaniRAdOced it e antbena winea eretgiaed by an

transm.tter_broagdcasts RF enet. 30 to, power re devi ces. The FCC
and or Bt ner Al SRRt SmRonERe Fek AL BBl enSTRRE cRlisp o aclivatt
gui del i nes Hggentiaiy) aMitaai i@equifsd winfidePenesudiey &lySierMiotiy BEG ess
various issues including safe |evels of energy. _I'n an

al ternat e &RENPNIGNYraRyBHineNar SOLEEs@Rd AUCeive @strnnauwhish magbei n t he
| ens itself 0 . |.Zzat | -en | zat,i on of, an
ant enna r atMBETRRAg0 e 5 PAEHEIAE e vatFeten o P Elet il hidiné

ant enna 14Ghterat wblldshe edcpdradnwith o ra@iditibnalinime compbhests. n a | ens
1402 in_a manner such 5 that when it is energized it may cause the

l ens 1482 to assume one specific shape and/or configuration and

anot her or restifg 3RBRSnERMUAE thf‘eflﬁngl]ruﬁblefaf Anktddsfins and
y ar to a

de-energi zed. Its operation may be si'm he use ©o
pi ezoel ect missociatesl cisduitryl ey etilires it 4200rd@ycdiwitictheypresanisiotetttoran

el ectroopti,c |l ens such, that the current induced in the antenna when
Cherui oo HheLensd L eseBL VRIS YN HEiZpdden i ened Qe | ons

1402 causegpplicdtRndC gy actuation of other elements, including vision correction,
20 dispensing therapeutic agents and photochromatic diming, charging onboard
batteries and similar energy storage devices, continuous powering from a
remote source and energy harvesting, transmitting data to and/or from the lens,
and sensing on the eye itself. The transmission of data to and/or from the lens
may include any type of information, including biometric data.
25
As described herein, the antennas may take on any number of forms,
including traces on a circuit board, turns of wire embedded in the lens, printed
on the lens and as a layer in a stacked die arrangement. Associated with the
antennas are antenna related circuits. Radio frequency matching may be
30 realized with discrete components, integrated circuits, integrated passive
devices, MEMS tuners and switches. Resonating and load structures include
parallel resistance to define the load and Q factor, series and/or parallel

resonance, and tunable structures to adapt to the environment.
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Essentially, all that is required to inplenent such a system woul d be
a convenient transmt power source and a receive antenna which may be
I npl emented within the constraints of a contact |ens. Preferably,
only the antenna would be required with no additional tuning
conponents. 15 It is inportant to note that any nunber of

ant enna desi gns mhpl [ ' ' : ko I
accordance with t eag%gggr?%tsl \??ﬁ@(%\ébqlﬁgﬂéﬁ@@ﬁﬁgb&&ﬁﬁg %%dgsaerrl] be
i nventi on ragbédded in a zalihd envieonmenmtexitiofimitpg lareatindnejumaclvailabig.

actuation of other elenments, including. vision correction, 20

i spens| Bgtﬁ{m%weg;;@gig@n?%e%eoaﬁ%%ﬁraaﬁ@g?f%ﬂ&wﬁg}owﬁ AR
onboar atd: i a@ﬂ\ﬁ{ . ous
power i nS fr%ﬁélggr%gnot ]eééég?urlc%{er an r?r?e?gea{fﬁgg?\?egdtﬂ Egéy Pf%ésér#ﬁéfi ng
data to and/or fromthe lens, and sensing on the eye itself The

i or et on, | ndl PGSBS LR Nesg S o Vi Kbl aayialhg n.

the ant enngftdmya HakignRa@b¥ rebiideer ushg Bardmal dedidr dHsng KhbARas ted a
circuit board, turns of wire enbedded in the lens, printed on the

| ens and agelgvhaiam, foropiiniza pesgrasceringgingsize, oficiencwtivputni t h t he

t . d. cj its. . Radi tchi
be 501 al | JDRCHRRRE hARMEE Sl il el e e fRbE b
i nt egr at ed ApgsHityensewiciese tHEIMBek W RaGapREIF SIS ESsigRes Adairmpe taed

| oad structures include E)aral | el resistance to define the |oad and Q
factor, ser¢rgihaidngeapaths perimetessfaaterighthatis ablectodransmitiped/oro

adapt to t i nnas; |: r [

dest gned 1 dooVs et RERnet o PR BRGSO SIRLR Ak SR aglorig
limted ar ¢mtameh wolingrenay aré gbherally not Asciredi fog Lige watheftdctaleaiiennss

| oop devices are pref&ége , opol es and 5di pol es as well as

] d, as no
si m | ald antdsigriadhair wi ag@waiﬂaﬁnad‘@m@x resAf@ANChe.

As set forth herein and as it known in the art, antennas function by
transmitting and/or receiving electromagnetic waves. There are a number of
key factors which must be addressed in any antenna design and they include,

20 gain, efficiency, impedance, bandwidth, polarization, directionality and radiation
pattern. These factors are all important and can be varied depending on the
application. For example, if an antenna is to be utilized in a contact lens, the
antenna is preferably designed as a directional antenna with the bulk of
radiated power travelling out of the eye and away from the head. Desired

25 frequency and bandwidth may be selected or chosen depending on avaitability
and desired functionality. Impedance, i.e. the voltage to current ratio at the

input of the antenna may also be determined by the specific design.

Although shown and described is what is believed to be the most
30 practical and preferred embodiments, it is apparent that departures from
specific designs and methods described and shown will suggest themselves to
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
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Any of the antennas set forth herein, e.g. coils, as well as any

ot her antenna design may be realized using a fractal design, as is
known in the relevant art to optim ze performance, including size,
ef ficiency, ut 10| nc ndw dt h a i band, usage.

ol {1t encY. bt 300 fRedRnce, PRISLALN BN, i Lebond, U300, ccver
fractal, sy i MddicABhEIRat Aal i Witk thB%cbBOSk MobpbatdReERIhES
perlneter of a matertal that is able to transmt and recei ve

el ectromagnetic radiation within a given total surface area or

vol une. Antenna tuning units are generally not required for use with
fractal antennas 15 due to their w de bandw dth and conpl ex
resonance. As set forth herein and as it known in the art,
antennas function by transmtting and/ or receiving el ectronagnetic
waves. There are a nunmber of key factors which nust be addressed in
any antenna design and they include, 20gain, efficiency, inpedance,
bandwi dt h, pol ari zation, directionality and radiation pattern. These
factors are all inportant and can be vari ed dependi ng on the
application. For exanple, if an antenna is to be utilized in a
contact lens, the antenna is preferably designed as a directional
antenna with the bulk of radiated power travelling out of the eye and
away fromthe head. Desired 25 frequency and bandw dth may be

sel ected or chosen depending on availability and desired
functionality. Inpedance, i.e. the voltage to current ratio at the

i nput of the antenna may al so be determ ned by the specific design.
Al t hough shown and described is what is believed to be the nost
30practical and preferred enbodi nents, it is apparent that departures
from specific designs and net hods descri bed and shown wi || suggest
thensel ves to those skilled in the art and may be used w t hout
departing fromthe 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 nodifications that may fall within the scope of the appended

cl ai nms.
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WHAT IS CLAIMED I'S: 1. An ophthalmc | ens assenbly conpri sing: a
| ens configured for placenent in at | east one of the inside and
proxi mate to a surface of an eye, the lens including an optic zone

confi gur abl Q t %QO e of vision correction and vision
enhancerrent?/V %&[%H@L@ﬂﬁ i@ el ect roni ¢ conponents for enabling the
vi sion correction and vision enhancenent; and at | east one

ant enna arrangenent operatively associated with the one or nore
el ectroni ¢ donpokenpbihaimicdens adsembbtcdreprisingne of one or two way

i cati ith th | egt ' t d
Cransfer 2. THSGBORUBHNEE PERSCSQRaI 3 SachOr Ab too SR A
wher ei n t NG rb@Rtate BN iR eDfHIERE the RS incRdink¥n Bpfi E@ﬁgﬁénﬁfﬁ}%ble

assenbly according to Claim1, wherein the |ens conprises
i nt r aocul arfot ahleast ane Thesiophadredativo dnendsias smilahgement ratidnong or Cloaé m

1, wherein tlhet | ens con'ﬂrin% a sglect cle lens. . Tha o%ht hal m c

| ens assentfl'§HEELSFAMRGEBSEPAFRF L NIME BFIRNCRECSHON BREVISINR ant enna
arr angenenter@fREMBRE AHE Oor nore single-turn loop antennas. 6. The
ophthal mc | ens assenbly according to Caimb5, wherein the one or
nore si ngl e-t ur ratileasy oastaniaara agangevept Ppedtinclysassaciatakwith the ooielar

7. The ophthalTigc 603 BRERRNts A5 HREAUNG dife BB & ontST GldWbje one

communication with the one or more electronic components and power

transfer.

2. The ophthalmic lens assembly according to Claim 1, wherein the lens

comprises a contact lens.

3. The ophthalmic lens assembly according to Claim 1, wherein the lens

comprises an intraocular lens.

4. The ophthalmic lens assembly according to Claim 1, wherein the lens

comprises a spectacle lens.

5, The ophthalmic lens assembly according to Claim 1, wherein the at [east

one antenna arrangement comprises one or more single-turn loop antennas.

6. The ophthalmic lens assembly according to Claim 5, wherein the one or

more single-turn loop antennas each comprises a conductive wire coil.
7. The ophthalmic lens assembly according to Claim 5, wherein the one or

more single-turn loop antennas each comprise a conductive trace on a circuit
board.
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nore single-turn | oop antennas each conprise a conductive trace on a

circuit board. 8. The ophthalmc | ens assenbly according to C aim5,

wherein the one or nore single-turn | oop antennas each conprises a
thalmc | ens

conductive trace_directly on the lens. 9. The oph

assenbly actor diQ'Flbe PBh‘E‘JF’EF'ﬁn%OS areamably aacerding tfb%‘ﬁiﬁ’r% wherginethegne or
| oop anten | | ; :

| obr por at q10Te A0SR IdobarfieARES BELh Lomfori8EE aRpr o Lagt Birpety on

| ens assentihg lerecording to aim1l, wherein the at | east one antenna

arrangenment conprises one or nore nulti-turn | oop antennas. 11. The
ophthalmc | ens assenbly according to C aim 10, wherein the one or

nore nmulti-gurn 36d: ' i ' | |
T2 “The opht hal e P e SlCcaRIiR B OIS WtelrEtree or
one or nor enang singledum lcoprardanmameascle achmpeisepsr ¢awluatice trdaeoine trace

on a circuit bpard. 13. The ophthalm.c.l|lens.assenbly according to
Q'aim 10, aERERls e dinGE SBRIPN e BPRGEBHEN cnnas each
conprise a conductive trace directly on the lens. 14. The ophthal mc
| ens assenbly accordi ng to Caim10, wherein the one or nore

8

mul ti -turn 10cop Thet ephibsindadenscasgambly agcewhinm ta Claimt t,avkerein the at least

substrate incornorated into a,stacked die confi urﬁlion
oneé antenna arrangerment comprises one of moremulli-turn loop antennas.

11.  The ophthalmic lens assembly according to Claim 10, wherein the one

or more multi-turn loop antennas each comprise a conductive wire coil.

12.  The ophthalmic lens assembly according to Claim 10, wherein the one
or more multi-turn loop antennas each comprise a conductive trace on a circuit

board.

13.  The ophthalmic lens assembly according to Claim 10, wherein the one
or more multi-turn loop antennas each comprise a conductive trace directly on

the lens.
14.  The ophthalmic lens assembly according to Claim 10, wherein the one
or more multi-turn loop antennas each comprise a conductive trace on a

substrate incorporated into a stacked die configuration.

15.  The ophthalmic lens assembly according to Claim 1, wherein the at least

one antennas arrangement comprises one or more spiral antennas.

16.  The ophthalmic lens assembly according to Claim 15, wherein the one

or more spiral antennas each comprise a conductive wire coil.
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15. The ophthalmc | ens assenbly according to Claim1, wherein the at
| east one antennas arrangenent conprises one or nore spiral antennas.
16. The ophthalmc |ens assenbly according to Caim15, wherein the

one or nore spiral antennas each conprise a conductive wire coijl
17. The ophthal niie PRAGIAHBICIART HSSRB lwcﬁ%@rqlag@&lm@ Wirein) therone

one or nor r

circuit bo?rrjﬂb'rea%o ?#he op Se%gnp% C enéééggggrargﬁ%;%%%efgﬁ aa&'%ug%c%r%ﬁ
15, wherein the one or nore spiral antennas each conprlse a
conductive trac irectly on the lens. 19. The hthalmc | en
assenbly ac%rd?ﬂl? %hti‘llaé!“ﬁﬂﬁ%s agrrIPRlY ACCAEIBR & Hiaimy @%Eﬁ"?iﬂt e one
antennas e | d
Mo a ot ack R it B RRHCH CHyIReE BB R VR AR RS
according to C ai m 1 wherein the at |east one antenna arrangerrent
conpri ses o e or a I nts The s

accor ding GorthalnBiens Rsseroy oSS i o Fidln 18 Hherpieiemne
conpri ses %rfrﬁ@f%tﬁlreﬂ‘%ﬁt@ﬂras h cHMprishh Eahﬂh&deetﬁécé‘éﬁ a¥Up¥trate
according to Claiml1, tfurther conprising an I nsulating |ayer

configured m@rpocatedtntoIaestackecbdacomeuaattoenna arrangenent. 23. A
| ens assenbly conpri sing:

20. The ophthalmic lens assembly according to Claim 1, wherein the at least

one antenna arrangement comprises one or more tap points.

21.  The ophthalmic lens assembly according to Claim 1, wherein the at least

one antenna arrangement comprises a fractal design.

22.  The ophthalmic lens assembly according to Claim 1, further comprising
an insulating layer configured to protect the at least one antenna arrangement.

23. Alens assembly comprising:

a lens, including an optic zone for at least one of image enhancement,
image capture and vision correction, and one or more electronic components
for enabling image enhancement, image capture and vision correction; and

at least one antenna arrangement operatively associated with the one or
more electronic components for providing at least one of one or two way
communication with the one or more electronic components and power
transfer.

24,  Alens assembly comprising:

a lens, including an optic zone for at least one of image enhancement,

image capture and vision correction; and
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a lens, including an optic zone for at |east one of inmage
enhancenment, inmage capture and vision correction, and one or nore
el ectroni ¢ conponents for enabling i mge enhancenent, inmge capture

and vi si on COI’I’eCtI on; at | east one antenna arrangemant
operatively asscdil @@%cpnﬁi @meﬂﬂ@ agragemen pecEtveassarateb mibealans; or

provi di ng e one
b “ror e o o ST enRfon e dSchSARen TRy 2k feie PRt
assenbly anxangﬂmmmtcausesaanbehanmakuﬁam@eﬁgthﬁﬂmmﬁic zone for at

| east one of image enhancenent, inage capture and vision correction;
and at | east one antenna arrangenent operative associ ated

with the | ens, wherein energization and de-energi zation of the at
| east one antenna arrangenent causes a nechani cal change in the |ens.
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