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cl ai ms prwonrntyo4tzn1U. S. Provi sional Patent Application ROT/US20188329819,
filed Cctober 15, 2009, which is incotporated herein by reference inits
entirety. BACKGROUND Fi el d [ 0002] Enbodi nents of the present invention
relate to fluid-filled I enses and in particular to variable fluid-filled

| enses. Background Art [0003]Basic fluid | enses have been known since about
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BACKGROUND

Field

[0002] Embodiments of the present invention relate to fluid-filled lenses and in particular

to variable fluid-filled lenses.
Background Art

[0003] Basic fluid lenses have been known since about 1958, as described in U.S. Pat.
No. 2,836,101, incorporated herein by reference in its entirety. More recent examples
may be found in “Dynamically Reconfigurable Fluid Core Fluid Cladding Lens in a
Microfluidic Channel” by Tang et al., Lab Chip, 2008, vol. 8, p. 395, and in WIPO
publication WO2008/063442, each of which is incorporated herein by reference in its
entirety. These applications of fluid lenses are directed towards photonics, digital phone
and camera technology and microelectronics.

[0004] Fluid lenses have also been proposed for ophthalmic applications (see, €.g., U.S.
Patent No. 7,085,065, which is incorporated herein by reference in its entirety). In all
cases, the advantages of fluid lenses, such as a wide dynamic range, ability to provide
adaptive correction, robustness, and low cost have to be balanced against limitations in
aperture size, possibility of leakage, and consistency in performance. The '065 patent, for

example, has disclosed several improvements and embodiments directed towards



exanpl e, has disclosed several inprovenents and enbodi nents directed
towards WO 2011/047311PCT/ US2010/ 052910 - 2 - effective contai nnment of the
fluid inwbeofgrzill ens to be used in ophthal mc applica&Cciramsgioasohough not
limted to them (see, e.g., U S Patenf_ No. 6,618,208, which is
incorporated by reference inits entirety). Power adjustnent in fluid

| enses has been effected by injecting additional fluid into a |lens cavity,
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camed surga@gmggg&hguaegyWQEgngage a surface of the tenple arm In an
enbodi nent, the first and second ends of the base are configured to flex
around a rotation axis of the hinge. [0006]In another enbodi nent, a

fluid-filled | ens assenbly conpiRiSRES ?@g@Ye arma reservoir disposed
wi thin the housing; a franme; a PFE?d-%?% e ens di sposed within the frane;

t ubi ng connecting the reservoir to the fluid-filled | ens; and a hinge
attached to the tenpl rmand.to the fr .. .The hinge .includes a,base
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i ncor por at ed \Nef8bMinRAl thOfif Bnd&fthe BiscliRGudReCdahingat dueface tdrflgatadabe the
present invention and, together with the description, further

engage a surface of the temple arm. In an embodiment, the first and second ends of the

base are configured to flex around a rotation axis of the hinge.

[0006] In another embodiment, a fluid-filled lens assembly comprises: a temple arm;a
reservoir disposed within the housing; a frame; a fluid-filled lens disposed within the
frame; tubing connecting the reservoir to the fluid-filled lens; and a hinge attached to the
temple arm and to the frame. The hinge includes a base having a gap that is shaped to
allow for tubing to pass from a first end to a second end of the base.

[0007] Further embodiments, features, and advantages of the present invention, as well as

the structure and operation of the various embodiments of the present invention, are

described in detail below with reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0008] The accompanying drawings, which are incorporated herein and form a part of the
specification, illustrate the present invention and, together with the description, further
serve to explain the principles of the invention and to enable a person skilled in the

pertinent art to make and use the invention.



serve to explain the principles of the invention and to enable a person
skilled in the pertinent art to nake and use the invention. WD

2011/ 0473Y0ORCT/0439010/ 052910 -3 [0009] FIG 1 ill ustrat e®Ca/(seropsasté ve vi ew
of an enbodi nent of a caliper actuatarzassenbly. [0010]FIG 2 illustrates
an expl oded perspective view of an enbodi nent of a caliper actuator
assenbly. [0011]FIG 3 illustrates a first set of steps for assenbling an
enbodiM9] of a REenplilbisthias sipsrspedtias seavbpfan obabmentaf apalipgrpstuaties a
second set of eps for assenbling an enbodi nent of a tenple chassis
subassenblﬁ?wfg '3]FIG 5 illustrates a set of steps for assembling a

t enpl eosuhassenmpliy, 2 aacaaEh BY ek Floddll RAREivEEribw of @ tAbbditienbof 4 tdliptr at es a
first set "of steps for assenbling a frane assenbly, according to an
enbodi nent actuator assembly.

[0011] FIG. 3 illustrates a first set of steps for assembling an embodiment of a temple

chassis subassembly.

[0012] FIG. 4 illustrates a second set of steps for assembling an embodiment of a temple
chassis subassembly.

[0013] FIG. 5 illustrates a set of steps for assembling a temple subassembly, according to
an embodiment.

[0014] FIG. 6 illustrates a first set of steps for assembling a frame assembly, according to
an embodiment.

[0015] FIG. 7 illustrates a second set of steps for assembling a frame assembly, according

to an embodiment.

[0016] FIG. 8 illustrates a completed frame assembly, according to an embodiment.

[0017] FIG. 9 illustrates a spring connected to a temple arm, according to an
embodiment.

[0018] FIG. 10 illustrates a spring connected to a temple arm, according to an
embodiment.

[0019] FIG. 11 shows a hinge, according to an embodiment.

[0020] FIG. 12 shows a hinge, according to an embodiment.

[0021] FIG. 13 shows a view of a leaf spring hinge embodiment.

[0022] FIG. 14 shows further views of a leaf spring hinge embodiment.

[0023] FIG. 15 shows further views of a leaf spring hinge embodiment.

[0024] FIG. 16 shows a further view of a leaf spring hinge embodiment.

[0025] FIG. 17 illustrates an exploded view of a leaf spring hinge embodiment.

[0026] FIG. 18 shows a view of a sheet metal spring hinge, according to an embodiment.

[0027] FIG. 19 shows further views of a sheet metal spring hinge, according to an
embodiment.

[0028] FIG. 20 shows further views of a sheet metal spring hinge, according to an

embodiment.



[0015]FIG 7 illustrates a second set of steps for assenbling a frane
assenbly, according to an enbodinent. [0016]FIG 8 illustrates a conpleted
frame asseoizbyjo4anicording to an embodiment. [0017] FI G ®CIrIUSe&m0629¢6 a
spring connected to a tenple arm accofding to an enbodi ment. [0018]FIG 10
Il lustrates a spring connected to a tenple arm according to an enbodi nent.
[0019] FIG 11 shows a hinge, according to an enbodinent. [0020]FI G 12
shows [@OQ@]nge id@oihshoqfﬂa)fuathelewbwmfﬁﬁhtet njatrd 3R mnee.3cereie 18 4 ew of a
| eaf spri n% R%% ?rrbodl ment. [0022] FIG 14 shows further views of a |eaf
spring hin di-ment. [0023]FIG 15 shows further views of a |eaf spring

hi nge @@ﬁ@?dl mentpiGl POARLEAE ardl Sxp3hias/iéy bos tihet meétatwprirfg lnpeahbsfimeng hi nge
enbodi men 0025]FIG 17 |IIustp?at es an expl oded vi ewgof g | eaf spring )

hi nge [@iMdddi rrentFIG[ DOsevE altipl Wavne! 4 aspanpled p&ll”§ﬁ@é@cglar%€tsa?00§f51r“?g1@ i nge,
accordi ng to E n‘?odl ment. [0027]FIG 19 shows further views of a sheet
metal spri g ﬁ "according to an

DETAILED DESCRIPTION

[0032] Although specific configurations and arrangements are discussed, it should be
understood that this is done for illustrative purposes only. A person skilled in the
pertinent art will recognize that other configurations and arrangements can be used
without departing from the spirit and scope of the present invention. It will be apparent to
a person skilled in the pertinent art that this invention can also be employed in a variety of
other applications.

[0033] It is noted that references in the specification to "one embodiment," "an
embodiment," "an example embodiment," etc., indicate that the embodiment described
can include a particular feature, structure, or characteristic, but every embodiment may
not necessarily include the particular feature, structure, or characteristic. Moreover, such
phrases do not necessarily refer to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection with an embodiment, it
would be within the knowledge of one skilled in the art to affect such feature, structure or
characteristic in connection with other embodiments whether or not explicitly described.

[0034] Fluid lenses have important advantages over conventional means of vision
correction, such as rigid lenses and contact lenses. First, fluid lenses are easily adjustable.
Thus an individual who requires an additional positive power correction to view near
objects can be fitted with a fluid lens of base power matching the distance prescription.
The user can then adjust the fluid lens to obtain additional positive power correction as
needed to view objects at intermediate and other distances.

[0035] Second, fluid lenses can be adjusted continuously over a desired power range by
the wearer. As a result, the wearer can adjust the power to precisely match the refractive
error for a particular object distance in a particular light environment. Thus, fluid lenses

allow adjustment of power to compensate for alteration of the natural depth of focus of



enbodi ment. [0028] FIG 20 shows further views of a sheet netal spring

hi nge, according to an enbodi nent. WD 2011/047311PCT/US2010/ 052910 - 4

[ 0029] FI Gavo20119amsis a further view of a sheet netal spriPag/us2eg®s29a€cor di ng
to an enbodi nent. [0030]FIG 22 illustyates an exploded view of a sheet
metal spring hinge enbodinment. [0031]FIG 23 shows nultiple views of an
assenbl ed pair of eyeglasses, according to an enbodi nent. DETAILED
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human retina is capable of resolving 20 seconds of arc (1/300 degree). Corrective
eyeglasses designed to enable a patient to achieve this superior level of vision have a
resolution of about 0.10D or better. This resolution can be achieved with continuously
adjustable fluid lens elements.

[0037] In an embodiment of a fluid filled lens in a pair of eyeglasses, the optical power of
the fluid filled lens may be adjusted by moving an actuator attached to a reservoir located
in a temple arm of the eyeglass frame. The reservoir is attached to the fluid filled lens via
a connecting tube. Moving the actuator a first way compresses the reservoir and pushes
fluid into the fluid lens. Moving the actuator a second way allows the reservoir to expand
and pull fluid from the fluid lens. The compression and expansion of the reservoir
changes the optical power of the fluid filled lens. In an embodiment, one or more fluid
lenses may be provided, each with its own actuation system, so that a lens for each eye
may be adjusted independently. This feature allow wearers, such as anisometropic
patients, to correct any refractive error in each eye separately, so as to achieve appropriate
correction in both eyes, which can result in better binocular vision and binocular
summation.  Further description and additional embodiments of the reservoir are
described in U.S. Appl. No. 12/904,736.

[0038] In such fluid filled lens designs, the fluid must pass from the reservoir located in
the temple arm of the eyeglasses through a hinge located at the juncture between the
temple arm and the lens frame located on the front of the eyeglasses. Because the hinge
is subject to repeated bending, the connecting tube may prematurely fail if made of a
weak material. Further, if the connecting tube is bent beyond a certain level, the fluid
pressure in the lens may be affected. Accordingly, a fluid filled lens assembly according
to an embodiment of the present invention provides ample space within the temple and
end piece for the connecting tube to bend without kinking. In addition, according to an

embodiment, the entire hinge mechanism may be located within the volume of the temple

arm and frame.
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WO 2011/ 047311PCT/ US2010/ 052910 -6 [0039]FIG 1 illustrates a perspective
view of a caliper actuator assenbly 100, according to an enbodi nent of the
present iwoentiv@mi11Cal i per actuator assenbly 100 i ncl udesTitsaqplogdsodever 110,
whi ch includes a hollow outer portion-and a hollow inner portion foined
together to encl ose additional pieces of caliper actuator assenbl y 100.
Distal end 160 of tenple cover 110 is shaped to fit over a wearer's ear.
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245 of lens dul e 200 .an he ot her .end to reserv

enbodi nent Su{}DCee HRPErEHFT gggﬂ‘ébf”ﬂﬁ%ﬂfdllﬁ&n £he° lé%“sm n\gh ) %?(g{%{r ??t%tg In
connect i Ng Y @mbdAkh dnesie ik 'tfan@l@@ s i@ retolionamtd inhalyRodtes@dltraexateudi ng
fluids and air for an overa use perlod of two years or nore. In an

enbodi nent, the connecting tube has to be thin in order to be accommvdat ed
within the hinge cavity. In an enbodinent, it is less than 2.0 nmin outer
di ameter and less than 0.50 mmin wall thickness, in order to maintain an
adequate flow of fluid. In an enbodinent, it is capable of being bent by an
angle of no less than 60 degrees. In an enbodinent, it is capable of being
bent by an angle of no |l ess than 45 degrees without crinping. In an
enbodiment, it is durable to repeated flexing of the hinge.



[ 0044] H nge bl ock 250 and spring 230 are enclosed within a covered area

bet ween i nner bl ock 210 and outer block 240. H nge bl ock 250 i ncludes a gap
that i s swepet/mmial | ow t he connecting tube to pass thr@aghushéenags29ié ock
250. Additional enbodi nents of the spr%ng are described bel ow with respect
to FIGs. 9-22. Caliper actuator assenbly 100 includes wheel 130 held in

pl ace by axle 280, slider 140, slider block 255, spacer block 290, and
conpr essi osagmbI®70. These parts are assenbled into a tenple chassis
subassenbly and are held in place by screws 235. Rubber strip 205 incl udes
a flexible surface upon which wheel 130 may nove. In an enbodi nent, wheel

130 5ot at e. F@s.08.efueRed BRNESstbs FBRYaskémbialAbe endiddimhéht Qifhﬁltemple
errbodl rre s it may rotate and translate. WD 2011/047311PCT/ US2010/ 052910

-8 Assenbl ych:[is@@%l})ﬁﬂswblﬁ Beginhingt Wik &1G. despaser blasp? o niacsdrAite Hgrlp

enbodi nent t l.e ChaSSI i t er

bl ock 290 asﬁ alg.@ Sl:’tag?lr;pq%%a{% ESS| S (ﬁé;doogﬁle&{;&es%gg%%r bb(ﬂléikg g%§ 250

wel ded ont @ng 80P ﬁeﬁﬂ@ﬁ@b%lob&fisahs)plgc&ldgﬁ@te&ﬂ;ﬂe almS@ZQO Next, hinige h@ekﬁﬁ@ck
250 is placed onto tenple chassis 120. Next, hinge Ois | ded onto

tenpl e chassivldaoorivo glpé%lgéé\“%@)z%ﬁ@%@dge?h?q 8 I3é Chggg,‘tgmg 8\1?§§Frbl y
continues W {f rnTix)bqg céntn)tM% hI Gl & IqJ fRS st asseﬁlﬁ s br SEpPR ! a%remblm% ot

assenbling an e aSSIS su y 400. A backi ng
shown) may abecniteyibved & &mpﬂapbaséﬁ&amassbmbly 40@lesA dfackieg énatoshowkOnay be

R 150 | d t h 20. Com i 27
Ehen bl acedoBAte Bpadere HOeR boSuS AR eHeerb oG RessoF ISP ReRReE] B Dnt o
spacer bl O%&n@g hag%gll@bFl %on'gzrégsloﬂsﬁﬁﬁtm g ﬁf%hn]t?lfac&it 8R® e BRRRDIIONY

tenpl e subass 0, according to an enbodi ne First, tabs 520 of
tenpl e chaﬁmgorsssbms&mrﬁﬂ%sa@ﬁ\@ﬂi@dsintszpantﬂdﬂoéaZWGI ot 530 of terrpl e cover

110. Next, tenple c si s, subass | y. 400 | rot at th|

110 uh?#46]i t sn§§§ ? ?ﬁ‘&trﬁ 3869 Stffp§ f?re%%?m@ffbgeﬁn{p fat" %Ts’e g’ ascsog(%g y
295 be posiy ib,RGhoafndAl s tdd 52088t RASH Ha8siWistibrssenttiaoe a@@tﬂ@d intd Gsar
Further, it is recommended that when snapping tenple chassis subassenbly

400 into tehpls80advemplEl@yvet dbe DOt deaslendistie sty HOA ibaotasdvifihge

F'Ogg;] 250 Aol PSP g%gpggatggﬁgegt £has8Rat ng;afag SR Bl 2%,

according tQ igsiRadhdTEnt JisBegl hdMpagsilet WithinGterplel govan EIGIDO(Futhﬁ, 1t am
adhesive, such as glue, is applied to the inside ed?e of frame 610.

spring 230 re@nphersied t@@mmgﬁnmpﬁ@etemp&qbamwbmem ebafnismple ‘for"é%l()@lo
th l.l.ed t |
bor t1on 63655 ) e €5 TP sSudR ¥l o bl BREIGPRY heRi Al 1P9EE

such as gl u@nplmnas@ﬁ susﬁdeﬁlblybm)lod | ens npdule 200 to frame 610. One of
skill in the art will recognize that, in anOthpg:p nmbodi me Iena nmodul e

200 ma{04é addedlte &7 alﬂx*tstretfm wt %ﬁfte%?sf@’éﬁsé%“}‘b TaHe 24 b1 35 CEHEE 1 an
conplete. The ]pf b A08 %ﬁmllég“g&nﬁ %n%teg}ﬂzbﬁle&’ aly\/gg}ggw%hgm é‘& @ﬁ@%‘d
or assenblin 0

set of steps an e " ment rame assenbly
enbodi ment ,appli¢detesthd Isidy edgertsfe”rarmjmmt Nextesprang 23k isspaced dgainetshlﬁg@blonk

f 610 to hi bl ock 250 FI 7.sh he f | e
Spr i mg. 230, 358cHi g he Nk 119615 o0 EGUE DA PEdEa MBRFENG 10 Wip be
mechani sm %ﬂ on @%k%??m g%@%%@é?@%& colp EHQM@{[‘IGH@%%I% 2§0. Wah er

or cont am 0 connect 40. The steps shown in FIGs. 6 and 7
may be r epelahmlvef ouclt 4veclse coadbd esrplte beub ks emtdluip 2(00ntofrared i Ganol skallt er

;(rjﬁgg i \8/.:8? g}q) lé]%l/ﬁ, gt‘(t) gv1 b re%sgrsuezreﬂ% edm e%% l14%}10‘%thment [3ns mogv\fe%OB%ayaQél a&ﬂeﬂqo or
frame 610 after assembly of frame assembly 600 is complete. The frame assembly
continues with FIG. 7, which shows a second set of steps for assembling an embodiment
of frame assembly 600. In an embodiment, screws 235 are inserted into respective screw
holes 710 in frame 610 into hinge block 250. FIG. 7 shows the frame assembled with

spring 230, showing the addition of cover 720 to seal off the hinge mechanism and



[0048]FIG 8 illustrates conpleted frane assenbly 600 including tenple

chassis 120, franme 610 and | ens nodul e 200. [0049] Addi ti onal enbodi nents of
hi nge sprwogseinvid4ritinow be described. FIG 9 ill ustrat espPan/USediodsavent of a
spring that may be used in frame assenply 600. In an enbodi nent, spring 910
i ncl udes an end 920. Additional enbodi nents of end 920 may i nclude a canmed
surface. When tenple arm 900 rotates, end 920 rides up agai nst a small peak
930. For ce poaveehacc@g0of mater for edonfagningnda te sowtesties t@@egﬁy T hatstape|sBa¥_ 4N when

t enpl 0 920 t f |
LoDl o o TR BT a8 TR R ob O OB MBreBEIT B BRERITET,
960 may be jpEoNiEedsdebPy 6VERtasic@IAE adsdiaB0iné iaNofteexbngnyt gloe basdhekue i ng

assenbly, the connecting tube (not shown) is routed through the center of
hi nge 970 fihewagh gap 950. [0050] FIG 10 shows another enbodi nent of a
sprin t may sed_.in. f SR SO BBt ha SRS {
1010 i%%é%?s heet P?r@t gllﬁﬁ?t%agees %Cﬁgﬁeﬁges aé gsg'?%ghy Eg%g%l rret%?éng@mclgzo tj‘gg
provi de spriang Florad.ledsnbodid8000.whi ch is closest to |l ens nodule 200 is

fixed within frame 610 (not shown). d 1040 is tached to tenpl
1050. [GHQ]1 | exur€ldgionghrqmpdpans ffc Hnge pitrigr i 1 \BPtNh%ﬁ ?%8%@(16‘?13@,

fol ded s he?ﬁus%%@![aﬁaén%%ﬂﬁ%t' of HEHNE B35 BID! 86 udclGn HPIRE GéseRB1y BiE ek

shown) is route roug e center of spring 1010 through gap 1060.

Al t hough spmibodindddl,spring 198D encledestan dndr@i0n Additionta lradodimeqrdd of endPRd) mene of
skill in the art will recognize_ that sprin 10, may b de,_of any.
material, &rdiieza ﬁ%‘ﬁn}?étséﬂf e MR feﬁ}p?e_ t9%§aff)}a§efsi 81%(?19 2@ r@gf élﬁca@%%ltsa heen
flexibi i typanghehit 956l forcdgded obe Ero%pﬂbﬂgak%%sts@)reweﬁ@gyz thdt 0015dskFtvGen 11
shows anot her enbodi ment of a hinge 1100. Hi nge 1100 is configured to

rotate arotempleotrat 968 eadbes Ardy92Qi tohmows pliemn perka 93 @plemplentth K00 sHhemhn) .

As hinge 1100.rotate round rotati axi - A ant i
o

' 5 ee gt 10 (8]3) : a i, Sthe
confi guredptolrot at é’aaroundmgot ation axis B—eB'nIgwi toh,res ecrt to a tenple arm

(not shownonnxstipg e (1GhowNDs zouied Buqeithbevenexy Tapgys o9 through gap 93t at es

aroun ationaxi s BB Il - 0 i rinegpgndi ng
ri dge?%@:] he terr"‘;r;ﬁXJ 'eslgr %11%8} r?o%?orsh#gv\%{ %d[u%%g%%éljaéﬁ ﬂ%ﬁ%@ ﬁs{\%?{)&e\a}ilsggsl o? a | eaf
spring hi ngeschibdymod.f 112 b BinbpeinsPechiivgd 01@ccoskbicngnetd hamgeetriodicsrerfolded t he
present invention. [0054]FIG 17 illustrates an_exploded view cif a Igatf
spring hi ngeecaptsia aampi08Y dpsEyvire spring force. End 1030, which is closest to lens module

200 is fixed within frame 610 (not shown). End 1040 is attached to temple arm 1050.
The flexure of spring 1010 occurs primarily within the bend (i.e., folded sheet metal arm
1020). During assembly, the connecting tube (not shown) is routed through the center of
spring 1010 through gap 1060. Although spring 1010 is referred to herein as a "sheet
metal” hinge, one of skill in the art will recognize that spring 1010 may be made of any
material, even a non-metallic material, that satisfies the balance between flexibility and
rigidity needed for spring 1010 to operate.

[0051] FIG. 11 shows another embodiment of a hinge 1100. Hinge 1100 is configured to
rotate around rotation axis A-A' with respect to a temple arm (not shown). As hinge 1100
rotates around rotation axis A-A', cantilever tab 1110 engages with a corresponding ridge
on the temple arm (not shown).

[0052] FIG. 12 shows another embodiment of a hinge 1200. Hinge 1200 is configured to

rotate around rotation axis B-B' with respect to a temple arm (not shown). As hinge 1200



according to an enbodi nent of the present invention. [0055]FIGs. 18-21 show
views of a sheet netal spring hinge fromdifferent perspectives, according
to an enbwoi2oem47fi t he present invention. [0056] FI G 2PCiriusesnsiees an
expl oded view of a sheet netal springipgi.nge above a breadboard, according
to an enbodi ment of the present invention. [0057] FIG 23 shows several
views of an assenbl ed enbodi nent of a pair of eyeglasses fromdifferent

per spect i vestatehatoundabiatiers axis HoBi, sgntilavaidelo  dehensages Witha cOFBHIPHBELIIZE t he
present invention. .Materials 058] The pi eces of the various actuator
assenbl i es 082@%?‘3?‘6)&%3%{“8?%}30‘{ r exanpl 2, but not linted to, the tenple
cover {OGS%FFD' e clrassi $3-16hghw vidvwsder ,a $4ar i spging SlihgSiont ntifferchl pedspectiuesr

bl ock, axle, conpression arm spacer block, etc, may be manufactured
thr(r)]_ug_h an;acclmdeManmb@@gsept @ﬁéﬁpﬁeﬁéﬂ‘&mlpﬁj ection nolding (MM, cast,
machi 1 plastde iARj. | i i ke | rials
may DO Falt her ThPor rudy el PR (0oL Apat e B ANER Bl dRETE
limtationaceséingnd aakmpodipent ke pteeampenamtie sensitivity, optical

properties such_as dispersion, noldapilit roperties, or..an t her fact
appar éM>Ho a p@ﬁ@énlghg\/?}}?d" BEYS APV %qmq){algﬁﬂ{f%ém&r? ro @%%Wﬁgsgécﬂy%?uggd
N the f1uid)ens gBY ABodnkal Ofhesksblishibubpuever, ot her embodi ment s

i nclude flui I's tinted, pendi ng on the application, such as if the
i nt endeebcappl i calGorn2i Slubates angixadsies . vidmeofer ashpttenefal fdpung ltihga abete be
used i s manufactured by.Dow Com.ng. of M.dl and, M nder the nane

"di f fusi on PERBOBH E}C’CO’&W?&H ainsengoggncawéﬁgﬂg!qr?dep&pgﬁ{g&. to as "silicone
oil. _[J)@ng] The gfibub € gh KASseVBMI LRGA WHen AsdehBich @Rbédimknd SMSpdiBeEeyRElageass,
pl astic, or any other suitable material. OQher suitable materials iInclude,

for exanpl droandiffiretiquetspedtivies dhdtangludep® SOIE i0478aiPCE W2 ERGrIBIgu@M! of

the present invention.

Materials

[0058] The pieces of the various actuator assemblies described herein, for example, but
not limited to, the temple cover, temple chassis, wheel, slider, spring, screws, inner block,
outer block, axle, compression arm, spacer block, etc, may be manufactured through any
suitable process, such as metal injection molding (MIM), cast, machining, plastic
injection molding, and the like. The choice of materials may be further informed by the
requirements of, for example and without limitation, mechanical properties, temperature
sensitivity, optical properties such as dispersion, moldability properties, or any other
factor apparent to a person having ordinary skill in the art.

[0059] The fluid used in the fluid lens may be a colorless fluid; however, other
embodiments include fluid that is tinted, depending on the application, such as if the
intended application is for sunglasses. One example of fluid that may be used is
manufactured by Dow Corning of Midland, M1, under the name "diffusion pump oil,"
which is also generally referred to as "silicone oil."

[0060] The fluid lens may include a rigid optical lens made of glass, plastic, or any other

suitable material. Other suitable materials include, for example and without limitation,



- 11 - Diethylglycol bisallyl carbonate (DEG BAC), poly(nethyl

net hacryl ate), PMMA and a proprietary pol yurea conplex, trade nanme TRI VEX
(PPG . [Ow62pmg7ithui d | ens may i nclude a nenbrane nadePOT/US20100%39%6 e,
transparent, water inperneable material, such as, for exanple and w thout
limtation, clear and el astic polyolefins, polycycloaliphatics, polyethers,
pol yesters, polyimdes and pol yurethanes, for exa pol yvi gé/l{l dene

chloride fiDietsylgiyeol bshiy c@mﬂmeteC@HCﬁ«,B%)amp%méﬂgFmﬁlacg&@w Mppaed 2

manuf act ured_as table for use as nenbrane
mat eri al s |pﬁ%1r’lfﬁl§y p?gpreg)ggﬁlg%g g%ﬁ a“%‘ﬁgi&wk% ?ékl on, pol ysul f ones,

pol yuresdianes, [y Qbﬁseﬁllagmﬁcsud@alrn@hhnahemeadreecﬁewﬂemn@ttmnsmémm@r of
cycloolefins and aliphatic or alicyclic polyethers. [0062] The connecti.ng
tube may bemp@m?abk wAsriah stk asnfiredioanie aid piFovamtgticporcirer ay¢ elastic

chl ori de), bher | e,
PVDF (suchpOI eaF’- é%{#’b rl‘kéag%ggtﬁs EU%’V%%@ r}r)ay% gththi&[i}gﬁ&eééb%gegolgﬁf ei[ht%isﬁé’scm ©
dur albl lit y,fomcrampﬁéqipbl}tvmyhaaﬁbbcfmsmﬁ filmee inoduding nqnhm@rciellky aadible 6imp,.0068] The
tenpl e cover may be any suitable shape ma de of t al

or any ot héf t%‘kﬁet HBrEacHtedr #saMY p §ﬁ%&§\’ éfher tHY %ﬁﬁlugt? \f@? h?%n%ﬁgde
of a |ight yel,ght, T8l ek}iak 'f’r}&measforf Qiarﬁfﬂ@rrﬁh@ adow tlﬁﬁ'tﬁtloln' r'ﬁbcﬂﬁkﬂiﬁﬁes hi gh

i npact resistant plastics material, aluminum titanium or th ke. I'n an
enbodi nent potylueefhaem;l mlgﬁhmwpfhwsbpnlryatdie‘Peﬂtfenegﬂltizalgte, pakmhers @E Cé{G loolefins
transparent r| al . S 13 B{e reservoir may be made of Pol yvi nyl edene

Di fl uori de S agg oLaRTCIRPPREMASTON(r), supplied by DuPont Performance

El ast onwy: a LLC ghhe WohAEdM@kaibe Ql-:ay BERAYe I Ynel80mise ufaaaialy adhbys DBGOBANUSA
of Meckenheim GCermany (flexible RW 175 manuf actured by Tyco El ectronics

Corp. of BépalyvinylRklghidmmY DY (Ralvinetadene ﬁuqruéeéeatﬁdrmagm@) rubger. gy Femele,

sui tabl e [ 0065 C n th ude,
for exanprg%%%ﬁcph%sugq]t Eﬁupgtﬁﬁed(ﬁ et?s‘?@%’ %%)g%iéie?@%éﬁl aB1H§Jf
produced b)ﬁeMle%@HftyCeﬁd'ré‘ﬂé!&ide't@c&n&n% IﬁfadcﬁUSﬁgana Italy. Qther suitable
types of screws or other attachnent neans, such as rivets, may be used.

[ 0066]M®Bhough TheiteuBlesebednaehe snpsuilavle Hrpsemd may baimads Oﬁé’\lﬁétl%é@ﬁal
descri bed above ot%lér §1§ﬁa§ d a??rﬁri'def 55190 ﬁo%%eﬁth?%e@égypﬁ bc%%@r E’sr%%@tcﬁda by

way of exarrpl ey mtation. arent to persons
skilled i nhtgh@veﬁ@itamemalasrubhtabaforvaaampusarmh@zngea limitftoonmhaghdind@tcaidsistan be
made therel ?a ’ylmcst Q&gtuetrlal(j%?u%ﬁlhrrr]lg tlun?untlltgrethg FﬂkreI tInaargldembodlmen’t the temple cover
plas p
may be made entirely or partly of a transparent material.
[0064] The reservoir may be made of Polyvinyledene Difluoride, such as Heat-shrink
VITON®, supplied by DuPont Performance Elastomers LLC of Wilmington, DE,
DERAY- KYF 190 manufactured by DSG-CANUSA of Meckenheim, Germany
(flexible), RW-175 manufactured by Tyco Electronics Corp. of Berwyn, PA (formerly
Raychem Corp.) (semirigid), or any other suitable material.
[0065] The screws used in the frame assembly may include, for example and without
limitation, Visottica 07V120037017 shoulder screws produced by Visottica Industrie
S.P.A. of Susegana, Italy. Other suitable types of screws or other attachment means, such
as rivets, may be used.
[0066] Although various embodiments of the present invention have been described
above, it should be understood that they have been presented by way of example only,

and not limitation. It will be apparent to persons skilled in the relevant art that various

changes in form and detail can be made therein without departing from the spirit and



WO 2011/ 047311PCT/ US2010/ 052910 - 12 - scope of the invention. Thus, the
breadth and scope of the present invention should not be limted by any of
t he abovewoOestrisbad exenpl ary enbodi ments, but shoul d becCuafSeeedsmdy in
accordance with the following clains_apd their equivalents. [0067] Further,
t he purpose of the foregoing Abstract is to enable the U S. Patent and
Trademark O fice and the public generally, and especially the, scientists,
engi neer s aepeprfabe invieoher. s Thys, tthﬁéb@ﬁ@th\ﬂfi\é sapRre plothe oagsent @ventionrshgaldait or
| egal ter r.aseol I NERREG 1 on
t he naturg%gﬁglgglaﬁ§§’§g%?ﬁ mm %ﬁ%gﬁgﬁﬂ®g€%§%%é&o Hgﬁﬁpgg%tlonQ&The
Abstract i snRoh abéﬁrﬁﬁf&@dwﬂ’pth@@olldvﬂhg chgnasnd heir Rguisaleps. Of t he pr esent
invention in any way. WD 2011/047311PCT/ US2010/ 052910 .-

1. A WGge for dufthen, dher pripese Peiy REesing Hbstrace 1%?%@%@1‘3&%%
base havin r n t ns
assenbl y aﬁEWi §%%k% ggcon gur%%8¥%®bgﬁ%%é%Q?gyéﬁ?@%ﬁ%ﬁ%?kﬁ%né@%gﬁ&
assenbl y, practltloﬂ\é’igﬁreth’e drh@hb&ﬁ@ndtﬁﬁhﬂ%%lm gagnttondegai Sermlsa)}n@ﬁrascnlag}l oo f or

tubing to pass fromthe first end to the se ond end qof the b
wher ei n t hdeFrmge @heklpiiieme GHsery HEPedies ngu?$35@ @?ﬁ?lﬁaFgﬁlto

engage a S'ﬂﬁseﬁﬁﬁrecqf tﬁggpélﬁ;ﬁm)r? ?‘B bstract i i né 1nfEH§e&1ion19§hﬁftnfg| A1tBHe scopé t her
conprising a cantilever tab attac ed to the second end of the base and
ext endi ng to6thehpeedent mivergnat iofany keaybase. 3. The hinge of claim1,

further conprising a hard stop to prevent rotation beyond a point.

@tent arqcli a



4. A hinge for a fluid-filled | ens assenbly, the hinge conprising: a
base having a first end adapted to connect to a tenple armof the |l ens
assenbl y wodoa/senond end adapted to connect to a framePofl/ushé0/082930
assenbl y, wherein the base incl*qge_s a gap that is shaped to allow for
tubing to pass fromthe first end to the second end of the base, and
wherein the first and second ends of the base are configured to flex around

a rotation Vxckirof the hinge. 5. The hinge of claim4, wherein the
base includes a U shaped bend to facilitate bending around the rotation
axi s of the hinge. 6. The hinge of claim4, wherein the hinge

further conprises aghilad fhr aURRd-FPeP @Y a8tenb®}, @d WAgdeaRtkig: poi nt. WO
2011/ Q4_7311PCT/ US20107 052910 - 14 - 7. A f%ui d-filled | ens assenbly
conprising: a tenplse having a fiwskend sonfigirepde e@nppdthion? tierarlsodl Af:thelens ape;

a fluid-filled lens. di sposed, w thin the f , ' ' t he
reservoir todhe fidf (sﬁcgf‘? F%%C(frg%g;redatﬁﬁoréﬁ%?ﬁdgaeﬁgl% gghh%g%ga%%ér]ng(gY’enpl e arm
and to the frameyherein the base includes a gap that is shaped to allow for tubing to pass from the

first end to the second end of the base, and
wherein the first end of the base includes a cammed surface configured to engage

a surface of the temple arm.

2. The hinge of claim 1, further comprising a cantilever tab attached to the second

end of the base and extending to the first end of the base.

3. The hinge of claim 1, further comprising a hard stop to prevent rotation beyond

a point.

4. A hinge for a fluid-filled lens assembly, the hinge comprising:

a base having a first end adapted to connect to a temple arm of the lens assembly
and a second end adapted to connect to a frame of the lens assembly,

wherein the base includes a gap that is shaped to allow for tubing to pass from the
first end to the second end of the base, and

wherein the first and second ends of the base are configured to flex around a

rotation axis of the hinge.

5. The hinge of claim 4, wherein the base includes a U-shaped bend to facilitate

bending around the rotation axis of the hinge.

6. The hinge of claim 4, wherein the hinge further comprises a hard stop to

prevent rotation beyond a point.



wherein the hinge includes a base having a gap that is shaped to allow for
tubing to pass froma first end to a second end of the base. 8. The
hi nge of wbabmod73mherein the hinge further conprises aPCaiS2010/982914 ab
attached to the first end of the base;and extending to the second end of

t he base. 9. The hinge of claim7, wherein the base is configured to
flex around a rotation axis of the hinge. 10. The hinge of claim9,
wherei n the basé. Arfbliddéled densasteapdycdrepisieg facilitate bending around the
rotation axis of the hinge. 11. The hinge of claim7, wherein the
hi nge further codgPPSEEMa hard stop to prevent rotation beyond a point.

12. The hinge of, dcfidh dispd¥B@5Heihth hbeofidingt end of the base includes a
camed surface cofnfl gured to engage with a surface of the tenple arm
a frame;

a fluid-filled lens disposed within the frame;

tubing connecting the reservoir to the fluid-filled lens; and

a hinge attached to the temple arm and to the frame,

wherein the hinge includes a base having a gap that is shaped to allow for tubing

to pass from a first end to a second end of the base.

8. The hinge of claim 7, wherein the hinge further comprises a cantilever tab

attached to the first end of the base and extending to the second end of the base.

9. The hinge of claim 7, wherein the base is configured to flex around a rotation

axis of the hinge.

10. The hinge of claim 9, wherein the base includes a U-shaped bend to facilitate

bending around the rotation axis of the hinge.

11. The hinge of claim 7, wherein the hinge further comprises a hard stop to

prevent rotation beyond a point.

12. The hinge of claim 7, wherein the first end of the base includes a cammed

surface configured to engage with a surface of the temple arm.



