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back curve mord part. The front curve nold part and the back curve

nold part are typically fornmed via.ipj j nol di ng techni ques wherein
melted plastic is forced into hiéﬂﬁyﬂhgﬁhkﬁgd steel tooling with at |east
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BACKGROUND OF THE INVENTION

Ophthalmic lenses are often made by cast molding, in which a monomer material is
deposited in a cavity defined between optical surfaces of opposing mold parts. Multi-part molds
used to fashion hydrogels into a useful article, such as an ophthalmic lens, may include for
example, a first mold part with a convex portion that corresponds with a back curve of an
ophthalmic lens and a second mold part with a concave portion that corresponds with a front
curve of the ophthalmic lens. To prepare a lens using such mold parts, an uncured hydrogel lens
formulation is placed between a plastic disposable front curve mold part and a plastic disposable
back curve mold part.

The front curve mold part and the back curve mold part are typically formed via injection
molding techniques wherein melted plastic is forced into highly machined steel tooling with at
least one surface of optical quality.

The front curve and back curve mold parts are brought together to shape the lens
according to desired lens parameters. The lens formulation was subsequently cured, for example
by exposure to heat and light, thereby forming a lens. Following cure, the mold parts are
separated and the lens is removed from the mold parts.

Cast molding of ophthalmic lenses has been particularly successful for high volume runs

of a limited number of lens sizes and powers. However, the nature of the injection molding
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Cast nol ding of ophthal mc | enses has been particularly successful for high
volunme runs of a |imted nunber of |ens sizes and powers. However, the
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incluq%% a confocal displacenent sensor and an optic assenbly, which in
sone enbodi ments, may include a formng optic used as a back curve to form
an opht hal M @etfons lensRraodEn pliie hahh@thgnikedittba hRadireditdrderas asithhin thay be
nmount ed on a kinemati.¢c nount_which nay be fixedly attached to an air
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for aq&ﬁZFﬁﬂ%1?8ﬁbﬁhﬁﬂﬁﬁg-°f one or both of a form ng optic mandrel hol ding

an opht ens ‘and a neasurenment device. For exanple, in sone
enbodi nents, adjustnments nay be madeStidMARpparatus until a center of
rotation f OArccgrdingly, the present invention is directed to methods and apparatus for measuring an
ophthalmic lens and in some embodiments, a non-contact optical instrument may be utilized to
determine a precise thickness measurement of an ophthalmic lens. Some embodiments
additionally include measurement apparatus and methods for measuring an ophthalmic lens in
three dimension.

Generally, the present invention includes a confocal displacement sensor and an optic
assembly, which in some embodiments, may include a forming optic used as a back curve to
form an ophthalmic lens. In some preferred embodiments an optic assembly may be mounted on
a kinematic mount which may be fixedly attached to an air bearing rotational stage.

Some embodiments may also include apparatus for adjusting positioning of one or both

of a forming optic mandrel holding an ophthalmic lens and a measurement device. For example,

in some embodiments, adjustments may be made to the apparatus until a center of rotation for a
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Fig. 3Aillustrates a side view of a netrol ogy apparatus including a sensor

[ ot at icTodieita ribmpArisop maribe plade betiiven seasErmenjdatstdsperiptive of one or more
of a forming optic, an ophthalmic lens, and a forming optic containing an ophthalmic lens
thereon.

Other aspects may include, data files comprising measurement information that may later
be converted from spherical radial coordinates into one or both of axial coordinates and other
spatial indicators. Various data files may be mathematically compared to create an axial
thickness file for a measured lens.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates a plan view of an ophthalmic lens on a mandrel and a confocal displacement
sensor according to some embodiments of the present invention.
Fig. 2A illustrates a cross section of a kinematic mount and a forming optic assembly.
Fig. 2B illustrates a top view of a kinematic mount and a forming optic mandrel.
Fig. 3A illustrates a side view of a metrology apparatus including a sensor rotation axis and
multiple displacement sensor adjusters.
Fig. 3B illustrates a closer-up side view of a metrology apparatus including a forming optic
rotation axis and multiple forming optic adjusters.
Fig. 4 illustrates method steps according to some additional aspect of the present invention.

Figs. SA and 5B illustrate metrology data represented in spherical radial coordinates.



Fig. 3Billustrates a closer-up side view of a netrol ogy appar at us
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represented in spherical radial coordinates. WO
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implemented unless specifically stated. In addition, not all of the steps are required to implement
the present invention and additional steps may be included in various embodiments of the present
invention.

GLOSSARY

In this description and claims directed to the presented invention, various terms may be

used, in which event, the following definitions will apply:

“Actinic Radiation” as used herein, refers to radiation that is capable of initiating a

chemical reaction, such as, for example, polymerization of a Reactive Mixture.
“Arcuate” as used herein, refers to a curve or bend like a bow.

“Beer’s Law” as referred to herein and sometimes referred to as “Beers-Lambert Law” is:
I(x)/10 = exp (- cx), wherein I(x) is the intensity as a function of distance x from the irradiated
surface, 10 is the incident intensity at the surface, is the absorption coefficient of the absorbing

component, and c is the concentration of the absorbing component.

“Collimate” as used herein means to limit the cone angle of radiation, such as light
radiation that proceeds as output from an apparatus receiving radiation as an input; in some

embodiments the cone angle may be limited such that proceeding light rays are parallel.



"Arcuate" as used herein, refers to a curve or bend |like a bow.

"Beer's Law' as referred to herein and sonetines referred to as
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as a function of distance x fromthe irradiated surface, 10 is the incident
intensity at the surface, is the absorption coefficient of the absorbing
conponent, and c is the concentration of the absorbing conponent.
"Collimate" as used herein neans to |linmt the cone angle of radiation, such
as light radiation that proceeds as output from an apparatus receiving

r adi atAcsardaeslyam jcafmator’ineledas aarppeats thas petiermschis fargioa apdyclbmpiedy t ed
such t N rays are parallel. WO
2012/ gg%lfg%’%%/ %%%%1%8%%%8 Accordingly, a coI limator” includes an

on i ati o D” S bR i D G B RR dexEaint PRME BRI 1 5 a
bi st akbgsisiR@tdrah alrb @bt mPshK ﬁtﬁ&émﬁrﬁ% ﬁﬁl"ch&gﬂl fm@mt@r &Y a EMOYKRRAIN. Each
mcromrrors functionally nounted over SRAM Each mirror is

i ndepemgents| lydqp@memﬁy certradled by derdaeg dhda mtq e onaniary welrbelpwdb¢ minsed towicehe
mrror t flec ht | J 0 vi deo datato
a pi xer eocﬁesda1 laﬂy rﬁ‘wg)m&a alxeellozgl (erBg tzi%o 85?& Ig(a)ﬁ%sg ang’h% éeatm rror's tilt
angl e eld@trastbmaap ycoﬁtﬁﬂml@ Mairfoke ti ahple i birafy SklabesSyitetheinineF statss degr ees
(on) or -X degrees (off %(CLFor current devices, X may be either 10 degrees

oL 12 e&h@r@ééegrﬁ%ﬁfpﬁ)am) ¢ (ofBf Feicquaignteviaes Yomaiibe cishe Wrisareesophksed
of ot g ReRlBh L) %ﬂaﬁﬁ%@%ﬁg@é ot iR BE i Gl phchioh SRR Bl ank©

I nages)naraesomeeaaL%ﬁt Byefigcayd- €@l ecarod dhritfictd) ahé yfaen tlmblmkdleoélfﬂoloefmltlse at a
rate fast h to be bntﬁ@grat ed by the observer &i% i.tal

mi cr orAEo M .a&eeﬁre%tg BREY RS Madplabipp Pelvtern An ayd ol fgvels at at WD script
as us %ﬁo@rts b u%éﬂa{ed rb?ftﬁ"er ofiser@r. CR HRID Rligt? ﬁﬁérofr@r&o@de%&%} isabmbdi@he

nmodul ator” and al so to the control signals of any system conponent, such as,
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"Fluent Lens Reactive Media" as used herein a Reactive M xture that

i s fl ewmbye DMDeistnoemeattgo hatti theufearfriis tamdd edy b partiarlarggzpe oradideyofr eact ed
forman ?]EO td&‘? or all Reactive Media may be forned upon further
proce§3?% IR0 aré‘&rrt of an ophthalmic |ens. "Free-fornt as used
herein "free-forped" "free-faornmt' refers to a.surface that is formed by
crossl i nki ngxg Xa B 2 8590 BEF iR e Ao, @tW&R%%’Eé‘dug&%ﬁﬁ PRF UYC Ohst

mol d, p'oﬁlrﬁk@rze Qhd l:l%§§fnk,a&géﬁtfa99 all Reactive Mixture comprising a Lens Precursor or lens.

“Fluent Lens Reactive Media” as used herein means a Reactive Mixture that is flowable in
either its native form, reacted form, or partially reacted form and, a portion or all Reactive Media

may be formed upon further processing into a part of an ophthalmic lens.

“Free-form” as used herein “free-formed” or “free-form” refers to a surface that is formed
by crosslinking of a Reactive Mixture and is not shaped according to a cast mold, lathe, or laser

ablation.

“Gel Point” as used herein shall refer to the point at which a gel or insoluble fraction is

first observed. Gel point is the extent of conversion at which a liquid polymerization mixture
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"Cel Point" as used herein shall refer to the point at which a gel or

i nsol uble fraction is first observed. CGel point is the extent of conversion
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becones a solid. "Lens" as used herein "lens" refers to any

ophthal m c device that resides in or on the eye. These devices may provide
optical correction or may be cosnetic. For exanple, the termlens may refer
to a contact lens, intraocular lens, overlay |lens, ocular insert, optical
insert or other simlar device through whi ch vision is corrected or
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“Lens Precursor Form” as used herein, means a non-fluent object with at least one optical
quality surface which is consistent with being incorporated, upon further processing, into an

ophthalmic lens.

“Lens Forming Mixture” as used herein, the term or “Reactive Mixture” or “RMM”
(reactive monomer mixture) refers to a monomer or prepolymer material which may be
crosslinked to form an ophthalmic lens. Various embodiments may include lens forming mixtures
with one or more additives such as: UV blockers, tints, photoinitiators or catalysts, and other

additives one might desire in an ophthalmic lenses such as, contact or intraocular lenses.

“Mold” as used herein, refers to a rigid or semi-rigid object that may be used to form
lenses from uncured formulations. Some preferred molds include two mold parts forming a front

curve mold part and a back curve mold part.
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used herein, the term"refers to radiation-absorbing conponent which may be
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frequently used in the visualization and analysis of nedical and scientific
data, in tKSuwtesenk usaMendin aitanda Mopslal ¢sityiagsh Whichlefhicnentitiee akequladdior es of
an ampunt of actinic_radiation reaching a particular volume of Reactive

M xt urfermadneqragimesgpierisd fq hegeip e Spbstatedtr adiandiel nki ng or pol ymeri zati on of

t hat specific volume of Reactive Mxture. By way of exanple, Voxels are

consi der ed “Trnsigat bens SwaetiverMediaT anusgd heinsmpang ajReagtiel Mgiterclthaf semasnf or mal
to a 2- I f erein [ i Lation- be. di (_:gtsnormal
o +ng" 2 Drs arebbPESaRAr €hg WIS ROR A5 MRERE LARRYARE: GLiSFAR "2
exanplfesm. spaasitntd cvio Reaaive Med¥ s 20h2i A BY ik Ed UH2ad df MoA4dfBcleaning,

solvating and hydration steps before it becomes incorporated into an ophthalmic lens. Therefore,

for clarity, the combination of a Lens Precursor Form and the transient lens Reactive Mixture

does not constitute a Lens Precursor.

“Voxel” as used herein “Voxel” or “Actinic Radiation Voxel” is a volume element,
representing a value on a regular grid in three dimensional space. A Voxel may be viewed as a
three dimensional pixel, however, wherein a pixel represents 2D image data a Voxel includes a
third dimension. In addition, wherein Voxels are frequently used in the visualization and analysis
of medical and scientific data, in the present invention, a Voxel is used to define the boundaries of
an amount of actinic radiation reaching a particular volume of Reactive Mixture, thereby
controlling the rate of crosslinking or polymerization of that specific volume of Reactive Mixture.
By way of example, Voxels are considered in the present invention as existing in a single layer
conformal to a 2-D mold surface wherein the Actinic Radiation may be directed normal to the 2-D

surface and in a common axial dimension of each Voxel. As an example, specific volume of

7



Reactive M xture may be crosslinked or polynerized according to 768x768

Voxel s. "Voxel -based Lens Precursor" as used herein "Voxel -based Lens
Pr ecur sorwormengs@aelLens Precursor where the Lens Precur $om/usesiriobzss been
formed by use of a Voxel -based |ithographic technique. "Xgel " as used

herein, Xgel is the extent of chem cal conversion of a crosslinkable
Reactive Mxture at which the gel fraction becones greater than zero.
"Mandrel" as used herein, includes an article with a shaped surface for
securing an ophthalmc |ens. Referring nowto Fig. 1, illustrates a
pl an ReaoiisiMasure prayHl aiesslinked o polymenized &QﬁpfﬁlmggtO&l@tS%%g&r‘énéﬁlsel 102 and a
confocal displacenent sensor 100 according to sone enbodi nents of the
present i nv¥okelemsed hersdirecuestndal usedhsreind “\dixepbasee irent Prsemrsat’ ni@0s arbyns
include one or nore,of an objectivye ]ens. 106, a | aser, beams ce 107 and a
caner 470" PreRahEL S s G bGP B b i gh s RERRSFS BBERPBS: ¢ on
of an @Rkl ve lens 106 a | aser beam 109 may be focused onto a targeted
surface. I'n sone other enbodi nents, an objective |ens 106 nay oscillate up
and down ch@(rég : ' [

det erm nes at W?é‘ﬁe‘ip%zﬁg{li %%qg@nt%g%?%@@fg&?gggc%ggﬂsﬁé@ f%%t@tlgl%ﬂ%%}%har p

f ocus .ReAddhet Mottak lay which tisoged freptimdbaremts greatet diseredoeam 109 nay be refl ect ed
off a surface onto a canera 108, wherein a target height of a displacenent
sensor 100 “iveandht” shaised e includes an &tickehatnDstaped surfoobraohotigrant s, a

di spl acenent. sensor 100 may conpute di splacenent of a surface. In sone

pr ef eOpad? Sments, for exanple, a displacenent sensor 100 nay have an
operating range of 30mm and may neasure thickness fromplus mMmto mnus 1

mm  whi | e Msferriag APwgo ditedublusirapspplas eirsnet acenhthedpic [rey 1 Mxampfogming |
Koyench e 1Bg8ET STDERMTEM 2B A8l SGROTR ERMa it B o ose

t he arlie present invAstidon. | TuSbmateatbodiindnitsy a disptact@ei sagsodp0d eagamdidd onk@2 nmay be
used to forma back curve of a lens 101. In sone enbodi nents, a formng

opt i ¢ MRIRAF &N 0Bt Regnsst 40, pirser hRsfaioutGeaifE 206 3 camgiieife dn sp AddifioRpl

form | anb: =Y¢ i I ] unti ng
tovi compRREHTENN ¥ codh-ophil pSAITE LA BLICERRIETTIY Flastt WA chis 0.

ski | | ddcused dite aaatgeted shifmenht somanabiertendl@diments, be obgtiinekdnas0@map obaktats m f or

mountin object .in a fixed 2012/ 075016PCT/ U 1/ 062408 position
ol at 1pend dosAshRigine b frsuchramelgaP RIS Um0k SO SCRIRF RS A S gUNt 105
and. 2 jaaNBh LASbLEEANLALRI] Aty DBEhSITAL RGud NIRRT TRYOH AMBoBferds kor m ng

optic assenbly 1 to maintain a precise position each time a formng optic
assenthsgr b@un hefmbp beflectsd afposurack onerrdamsranfh wheasn a Fugethergibeota i n

sone embodi nents, W respe t o ere a displacenent sensor 100 may t ake
a ref Ziﬁsgﬁaccgnlﬁ%tggﬁsro‘gr]féﬁ{nagﬁj%éi%ﬁegglme\ﬁg optic 102, it may be functionally
i nportant frRaktharid?€,Th BEmE Pinb6 diaeseh diphodmé stfonl 80 Maf cBiPGiese nounti ng

position each tine, to obtain accurate neasurenment data. Accordingly, in
some dlipbscmenitaf a sugface dampme prefemest embefimgnts cloasxemtie.\a displagericnt AN a

o 1 S8 .000 Tk, L VL1501 005 .0 1Rl LIRLL AR, AY, AP IRE” 1,
meas urlemminivhié naifteihingngeqpité disflageniant actidcyl Foltx@xaaly puosistd, dms@ach ti ne.
embodiments a displacement sensor 100 may include model Keyence LT-9030M (Japan) or any

other displacement sensor known to those in the art.

As illustrated in Fig. 1 a forming optic mandrel 102 may be used to form a back curve of
alens 101. In some embodiments, a forming optic mandrel 102 may sit on a metal frame 103,
together comprising a forming optic assembly 104. In some other embodiments, a kinematic
mounting device 105 may fasten a forming optic assembly 104 in place. For those skilled in the

art, a kinematic mount 105 may be defined as a mechanism for mounting an object in a fixed
8



Referring nowto Figs. 2A and 2B, Fig. 2Aillustrates a cross section of a
ki nematic nmount 205 and a formng optic assenbly 204 wherein, a formng
opti c asswoibiz/@8ei ncl udes both of a form ng optic mana#celus202/0e23d8 a net al
frame 203. Fig. 2B illustrates a top view of a kinematic nount 205 and a
formng optic mandrel 202. In some enbodinents, a top of a plate of a

ki nematic nmount 205 may include one or nultiple balls 200 included in a
bore. In sone additional enbodinents, a kinenmatic nount 205 may include one
or multiple screws 201 that may aid in adjusting a ball 200 height until a
bal | 2ogitipayelatviedh apother: ngme sribedisentsabiilzing 4 kinematig inpyine 1 odngta wher eby,

¢ . peAn ‘ be | | . e .
S o PR RBL BB I ARA RO e S PRl RR AP B0
may | medittdih oprecied pasitich @ich aidjcusfoerningalptic pksembA0T04may 8c ploungeupd®6 t hat
may aid in securing a kinematic nount 205 in place. Accordingly, in sonme
enbodikiRamasic meugh | 3% grpthsraesepiopexnebadiyetherithuespasttoorhare p disstacempitunger
206 1 hatso Mo Hag‘?alée.% @fe@é&%yﬁeas&eﬁ@ﬁt‘ d%gagi%?ﬁg{g%c NBY, iF i g{%@ %&‘E‘ioﬁal%”“ger

206, and a spring pin asse y ScCrew y captivate a spri 208.
| n somapaspeddrsa ol ming gpticnventblyh)4 @ phintages p206ec mayntimy poditioredadh aute, to

freely, wherein a plunger 206 may engage a form optLc assenbly 204 into
a posioPfhaty3ues WEeEY g Areer iy e porng smbRgimenty CCKHERIF 41O o e
e”b()d'o%@ ta%_zemfbgf l(ﬁl?&ﬁéﬁﬁj_[a%inga Bi%tc?s'e pédilioM By SBEH! Br énd Qg RRhhforAsRENDI Y

204 to remain clocked in aright angle as"a spring 208 may push a plunger
206 i muaasarcmentodf adeds 101rto oo cadali axegpddceariiadoinmegoptic H05gachmigngimd assenbl y

210 via a plun 06, may. a formng optic. assenbly 204 in a certain
i r ectrsnnPtg e Brgmg PR BT b S a ISR RSSO 1/ 062408 wher oi .

an edge of pefifingnog toPidsC2A%580B! Fig204 imayratdiRi REGSE s6ftiodnT akindd@dtie adj ust er
ball pins 207. Furthernore, in sone enbodi ments, adjusting an adjuster ball
pi n 20mourhY0arbniaminsenermsscotbla A0 mhiice, X formipp optie avcwblyOtdneiidry optic
assem%loﬁl gfga4§0rmin§ 0 tilc %a?l&oetl ESE ar‘?f p Elcéail] fr%m%%@t 'Fg%e 2%tiH8§[part1e o tSH]QI{e%&?gfuar € punp
may be used to s pﬁ’ly negative at nospheric pressure, Or vacuum pressure 212
to a spatetieioumed0Raddd forimghofiticanarise ol y 2 ¥ andb@dikieite edob @ f apliié o205

t hrough .a form ng %Bti c rotation axis. ne enpbaodi nents, for exanple, a

I
vacuur KRgmasis Ry 2P may|ipdudame %é@{lﬁ@eg?aﬁg%@ﬂ inglugpd Inca brg e ibiyM204 down
t .
b naSB TR RS A9 b DSBS SR M Bl Bl

assenthay 20 atjedtingta batl €00 heipht tntd dj hadlt200 negl tougdi nor@ig optic assenRey 804 hing
now to Figs. .3A and 3B,. Fig. 3A illusirates sjid iew.of .a netrolo
opar Gt heifgD oo op spdRblShates kel af b iruReP Bl it
sensonx300 adjusters. Fig. 3B illustrates a closer-up side view of a

nmet rol ogy apparatus including a formng optic rotation axis 308 and

mul ti pl e fdunthegnarptin o0 2thedpmbodiments| mkwometiemoouli 208y, intlwde eraopl e, a

sensor_ 300 rotate via a sensor r. tion axjs 301.and .a formn iC
2ssenBig e s6A et upedy S lany 286 fhst ity A Bevruinelomdl pitucds, o
form RgpRpé.i AcéRbiabiyoh xSendBlithets ta@ribiiptn usmblyonoelayandeassmesent . For
exenpl ary purposes, a formng optic rotation axis 308 and sensor rotation
axi s 30rcRbe Rluager K64het ey Hidreingy groayq: aspERg 205 wat ©rY siebchied ¢ luages206, whi ch
allo ro g m. ragi i t of both axis'. In sone
pr ef \é\?d}lég Sgllrlr]lf)%g]%?f‘gsrletngb% gérafv?g?glgagnﬁgaﬁ’?ca@%@%? r%jr;gd a formng optic

mandr el  302n g@vic bspealsiof dadinvbticai, B plungen3iH ma3Pthorah ol e fitelyedhabive a
center sphere of a formng optic mandrel 302 during a neasurenent. In
some RHEAT AHAY cngiee @ farmping optc el Addene aosEivn bygwshiay sl Bite yned
manual byonby | adi s shGHANS, AsofRIEnlirRer? € Mo QxathpRdh US B 13 A3 gsor vy
adj ustnlgrC 306, a(kl%ts &g%%s b zsog%jeusb?glrrﬁ%osg. Aé(gorp%i(’jng%c, in sgrrsgCl§rg
enbodifommhg optac ssermbly 204ddjrarsdie clo8R3] meyright dngla asb ispmagn)8&amely pydhaec enent
sensor 300 allow n venment of.a sensor,.300 in and out al on n.x-axis.
o SR Bt PR AL nEogte PRSP s o 386 Ty TR E S A Vi  gni ng
a di sphasen®iy, ntS ek a 38hikY opRVisiEmBly208%9h c&8in dReadd (04t 18t Qrfl%lﬁ) y-axis.
Furthernore, in Sonme enbodinents, a sénsor z adjuster 307 may aid in
aligning a displacenent sensor 300 by *hovi ng a sensor 300 up and down al ong
a z-axis. Additionally, in preferred enbodi nents, a sensor z adjuster 407
may



10 WD 2012/ 075016PCT/ US2011/ 062408 aid in noving a displacenent sensor 300
to a specified working radius, preferably of 30nmm above a form ng optic
mandr el 380.2012/0750161 n sonme ot her enbodi nents, a form ngPopitiseolassandly 304
via adjustnent of a kinematic nount 305 may be aligned manually by

adj usting one or both of a formng optic x adjuster 309 and a form ng optic
y adjuster 310. In sone enbodi nents, for exanple, adjustnent of one or both
of a formng optic x adjuster 309 and form ng optic y adjuster 310 nay take
eccentricity out of a formng optic assenbly 304 when nounted upon a

f or mi gheppn.ag adge af # drmang epteossertdy @0t may imgmgc g copor botBediustey balbpase on
a cen f r.m. I .ot ati on axi 8. . Rurt hernppre, in some
addi titzg?l'a u%%%%%f%égn&sﬁg%g%&%gr bardliﬁllsﬁﬁég%%g%ﬁ?tgﬁ%%{ gl,n 2?7 iagpal acement sensor
300 mayjusendndblirechtite X, & F@itidrofladbahin@dpaX bssedBly 204, a poi nt  of
approximately 65 degrees frogma position relative to where a sensor 300 may
be | ocat ed InARhRASPeGt.GRE2dY S HBIOPRNCHIS PURSSHCPYRR Y BRotsce orstphencgative

Accor dj 1 ' ' S ' i

gl ¢ e B o e A R Ler PR R 208,
one onnbatknendatia nsihune20F thaowihrd faceingi oper@nti@angdkia ki someaintedsuerts der
portion. For exanple, jn sgne enbodi nents, .a starting angl f. a

fi spl Z8ERBRY * SEHEBI TN BE 1ty BEISHANY SPOFGP FRNRE PRI BE0E OBRENS o

| ens a3 8PRRSEGhI200BABHS RGv& WG kSt LROS bANYr &S Wdta%lﬁi‘?g‘é% gp6ng a
formng optic 302 without a |ens. Accordlng?y, a formng optic

r ot at inggy taxinkib86d froemypuskigigra foomingoatie assomblydfdaghinsdenci ardoth adpestarbeent . I n
some eanﬂ}nents, for exanple, during a |ens nmeasurenent, subsequent to one
conpl &% %t ation of a forming optic rotation axis 308, a displacenment
sensor 300 REtriaLhewith Falsf 324hd 9B, Righ $ABIlMNHAGsPAIdd WEw OF a anch@Idgyng opti c

302 outside of a lens edge. In sone further enbodi nents, a displ acenent
sensorPBOetufEcltdikga sender wtavon nrispdd sod amdinle displeeraentsansor 3¢ adjusters.

ot at oh e e Sty S EBr P P JE Tt et DR e

conpl eb@atioias Bosamf maltipdd REmoig d@xic 303 A8justers. In sbmc smbediatdist foerakmple,
enbodi ments, for each Q of rotation of a form ng optic rotatjon axis 308,

t her e 2r8YsB&0Q Mpy TRt B 2 genspprofatipd axes 3 rand adATping Rgtie 23emalystts or

rotati i . i - displ - : ] : one
b TanT A MR oo R P B B K i T B OB I it DY

i ncr erfenthe dulbsturation ofgmeafurchadng. Feryexteenptol pegbed, d torimigg eptiveastive ARt

wher ei i f dat i fati f a formng.opti
aosenti0} 3RSl PERoA 4Bt 391 SHELEG Sl 0Bt 4F bR BowBAsbiTYORHY F BHiclxi s
301 siayhvt anankisddraiif) R8T SPLEAREIVHRAPIALAIR 2408 IRYRS pr&c@ediEXt P

position. Furthernore, in sone aspects, a sensor rotation axis 301 in
conj ursothodimaenits, kb daspliicspkatcsenssn 808 end o forBGE optyc mavdsclidRamay baalgach p

positign wherein ta points be collected for each agxial ri such as,
For exdimpras oot 300 AR e R G Phes e Foal Effi o und8:

Al t er riakihy @nyoasurBmeMe addi ti onal aspects of the present invention,
referring nowto Figure 4, a flowhart illustrates nethod steps that may be
i npl ement edn seMag@uPdiEcHst foslcuyyPldat displaernerat senspha)Oananke aligncdinedonalds of

an un-hy . ! i 1.c |l ens may

e mdd R AL el PR B kAR T AR Brer 300 BRESAB Sy e

speci fadpster 00 . Aétordiifly, insosnenieiackhtiRneasonk ddstdpBes aenly aidineighng,a a

e PheShEs S s el by ot by vy SooRenomarens s gu T °
irec : :

[ ane. SAEAITTOMIRARLITRG 85aRPl L UL B! S0 e RRb LS IRERR e hie

per f o368 dyafiovang & ssdro¥(Ped angont aalomatrg—akfsr rﬁungemimi:,dn 6oy cabodiemetst a oned at

401, wherein a re ence. measurenent of a formn tic my have en

per T oPHRGT 2 At 0 hEEY Giday HeRicE - Aeuicr BerREIE HRDBU PG S O e ey
be conygubed aicrn%ral ARNer Aad@kiohall A preReldicAfbEdidl @ sGROE 2adjaReLAPr dhpat es
(refer to Fig. 5). At 404, a | éns axial thickness (M) val ue may be

cal cul ated wherein a M3 val ue may be éQual to a difference of a M

nmetrol ogy data file subtracted froma M netrol ogy data file.




Referring nowto Fig. 5A and Fig. 5B, Fig. 5A illustrates a displ acenent
sensor 500 perform ng a neasurenent of a |lens 501 upon a formng optic
mandr el 500 20278016, netrol ogy data is represented in sphe@rise@l/osmads al
coordinates. Fig. 5B illustrates a top view of a form ng optic mandrel 502
wherein, netrology data is represented in spherical radial coordinates. In
sone exenpl ary enbodi nents, a conversion of spherical radial coordinates
recorded may be converted into axial thickness in Cartesian Coordi nates,
such as X, Y coordinates utilizing one or nore of various nathemati cal

cal culagt ingneving hdisplicemaitirgnsos pP@ sehipesidied veorkinpradiys, priferablytof gAmm hat nay

be us rein: R =po] dius rs= radius of formng optic assenbly from
indepgﬁgg% ﬁﬁ%% %Q%%ﬁgw%%;@ eyence sensor reading value Equation 1: WO

2012/ 07501 BRETHE/GHRLIMBEARRBS Si A Sran)FEe/abscantie Y04 Za(adiirsknont o8 Rk}

For 0 ’rnozuin?g(r)Ss rﬂéﬁ ie)aligrilerc]i(nglgn-ug?ly %9 lajlgjtuistci)r?g ozﬁe o?%séghggf- ap}oz’n:lﬁg/orp?iz l§(eel¥1}ustelr 309
and a forming optic y adjuster 310. In some embodiments, for example, adjustment of one or
both of a forming optic x adjuster 309 and forming optic y adjuster 310 may take eccentricity out
of a forming optic assembly 304 when mounted upon a forming optic rotation axis 308 wherein,
a forming optic 302 may rotate on a center of a forming optic rotation axis 308.

Furthermore, in some additional embodiments, when performing measurements, a
displacement sensor 300 may be rotated via a sensor rotation axis 301 to a point of
approximately 65 degrees from a position relative to where a sensor 300 may be located when
positioned directly above a forming optic mandrel 302. Accordingly, in some embodiments, a
displacement sensor’s 300 starting angle for taking a measurement may be greater or smaller
with respect to one or both of a size of a surface diameter and a size of a surface portion. For
example, in some embodiments, a starting angle of a displacement sensor 300 may be smaller for
measuring an optic zone of a lens as opposed to measuring a whole lens, and as opposed to
measuring a forming optic 302 without a lens.

Accordingly, a forming optic rotation axis 308 may begin to rotate continuously during a
measurement. In some embodiments, for example, during a lens measurement, subsequent to
one complete rotation of a forming optic rotation axis 308, a displacement sensor 300 may zero
itself out on a remaining portion of a forming optic 302 outside of a lens edge. In some further
embodiments, a displacement sensor 300 may take a data point measurement in spherical radial
coordinates, for every Y4 degree of rotation made of a forming optic rotation axis 308 thereby,
collecting a total of 1440 data points per one complete rotation of a rotation axis 308.

In some additional embodiments, for each 6° of rotation of a forming optic rotation axis
308, there may be a value for 6 and a value for each p angle of a sensor rotation axis 301
wherein, a displacement value may be determined. In some embodiments, for example, Rho
values may be calculated such that, evenly incremented axial rings of data may be collected
during a measurement wherein, one ring of data may require one rotation of a forming optic

assembly 304 followed by a subsequent rotation, as a sensor rotation axis 301 simultancously
11



Ri =(rs+keyi) (cos(90-0) Equation 3: cosOi=Xi/R X =(rs+keyi) (cos(90-pi))
(cosi% Equation 4. sinG=Yi/R Yi=(rs+keyi) (cos(90-pi))(sin0i) Radial
For mat . TWoee120601di nat es: 0, p, and Keyence readi ng valPae/use@hesm08 adi us
Axi al Format :

moves to a next p position. Furthermore, in some aspects, a sensor rotation axis 301 in
conjunction with a displacement sensor 300 may move upward to each p position wherein, data
points may be collected for each axial ring such as, for example, up to 140 axial rings during a
measurement.

Alternatively, in some additional aspects of the present invention, referring now to Figure
4, a flowchart illustrates method steps that may be implemented to acquire metrology data and
determine an axial thickness of an un-hydrated ophthalmic lens. In some embodiments, an
ophthalmic lens may be made and need to be measured to determine whether a lens meets
desired specifications. At 400, in some embodiments of the present invention, a metrology
apparatus may be aligned, so that a displacement sensor may be directly centered above a center
of a forming optic sphere. At 401, a reference measurement may be performed of a forming
optic mandrel without a lens on the forming optic’s surface (M1). At 402, a measurement may
be performed of a lens formed upon a same forming optic (M2) aforementioned at 401, wherein
a reference measurement of a forming optic may have been performed. At 403, metrology data
acquired from measurements M1 and M2 may be converted from spherical radial coordinates
into Cartesian coordinates (refer to Fig. 5). At 404, a lens axial thickness (M3) value may be
calculated wherein a M3 value may be equal to a difference of a M1 metrology data file
subtracted from a M2 metrology data file.

Referring now to Fig. SA and Fig. 5B, Fig. SA illustrates a displacement sensor 500
performing a measurement of a lens 501 upon a forming optic mandrel 502 wherein, metrology
data is represented in spherical radial coordinates. Fig. 5B illustrates a top view of a forming
optic mandrel 502 wherein, metrology data is represented in spherical radial coordinates. In
some exemplary embodiments, a conversion of spherical radial coordinates recorded may be
converted into axial thickness in Cartesian Coordinates, such as X, Y coordinates utilizing one or
more of various mathematical calculations. The following represent some exemplary
calculations that may be used, wherein:

Ri=polar radius
1= radius of forming optic assembly from independent measurement
key=Keyence sensor reading value

Equation 1:
12



Three coordinates: X, Y, and Z wherein Z may denote thickness

Referring nowto Fig. 6, illustrates a controller 600 that may be used to
i npl enentweane/@spect s of the present invention. A procesTars2unios24691

whi ch may include one or nore processors, coupled to a commrunication device
602 configured to conmuni cate via a conmuni cati on network. The

communi cati on device 602 nay be used to communi cate, for exanple, wth one
or nore controller apparatus or manufacturing equi pnent conponents. A
processor 601 nmay al so be used in communication with a storage device 603.
A storage dewP8e®)608Hey) conprise any appropriate information storage

devi ce, includin { nations of magnetic storage devices (e.g., magnetic
t ape and hgiggé?gﬁgﬁﬁ?%gg), optical storage devices, and/ or sem conduct or
menory deviRees, Zuahrkas;) Ram@oep) Access Menory (RAM devices and Read Only
annré (ROM devi ces. A storage device 603 nay store an executable
sof t aﬂPB&ﬁan1604 for controlling a processor 601. A processor 601
perforns i ct -GN %_a sof tware program 604, and thereby 13 WO
2012/07501%%%?&0%58?@?%:%408 operates in accordance with the present

i nventi on Rieltasy;) fcos(98xapl e, the aforenenti oned net hod steps. For
exanpl e, a processor 601 may receive informati on descriptive of netrol ogy
data including a formng optic reference neasurenent, a | ens neasurenent,
and t hgydakisR-3: A storage device 603 may al so store related data in one or
nor e dat abases 605 and 606. Concl usi on: Whil e the invention has been
descri bed wosti=Xéhierence to particular enbodiments, it will be understood

by those skjl in the art that various changes nmay be nade and
equivalentEiﬁé§%8%?§§§§pﬂ%ﬁ{%ﬁa$or el enents thereof w thout departing from
the saqpatieh 4:the invention. In addition, many nodifications may be made to

adapt a particular situation or material to the teachings of the invention
wi t hout dep@®ih®ifrom the scope of the invention. Therefore, it is

i nt ended tqaL?%%%%g§¥g§%hgﬁ@g%b be limted to the particul ar enbodi nents

di scl osed as ntenpl ated for carrying out this invention,
but t IRididl®rnieention will include all enbodinents falling wthin the
scope and spirit of the appended cl ai ns. .

Three coordinates: 0, p, and Keyence reading value +sphere radius

Axial Format:

Three coordinates: X, Y, and Z wherein Z may denote thickness

Referring now to Fig. 6, illustrates a controller 600 that may be used to implement some
aspects of the present invention. A processor unit 601, which may include one or more
processors, coupled to a communication device 602 configured to communicate via a
communication network. The communication device 602 may be used to communicate, for

example, with one or more controller apparatus or manufacturing equipment components.

A processor 601 may also be used in communication with a storage device 603. A
storage device 603 may comprise any appropriate information storage device, including
combinations of magnetic storage devices (e.g., magnetic tape and hard disk drives), optical
storage devices, and/or semiconductor memory devices such as Random Access Memory (RAM)

devices and Read Only Memory (ROM) devices.

A storage device 603 may store an executable software program 604 for controlling a

processor 601. A processor 601 performs instructions of a software program 604, and thereby
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WO 2012/ 075016PCT/ US2011/ 062408 CLAI M5 What is clainmed is: 1. An apparatus
for executing a nethod for neasuring an unhydrated device, the apparatus
conpri si YO 20120950161 ogy devi ce capabl e of taking a neas®CEmsea1lion4pesponse
to a digital signal; a computer processor in digital comrunication with the
metrol ogy device; a digital nmedia storage device in communication with the
conput er processor and storing executable software code which is executable
upon denmand and operative with the processor and the netrol ogy device to:
store digital data descriptive of an inventory of netrol ogy data wherein
sai d peaEs oy gecadaace witpthspissent rartigresnshes, fpeeampde, shayfgiomentioegda i nput

descr i,pbh eyl Q0P Ol TR, REASH ETRRL S L0 HFEh 4l PPk IEMhEolognd
data including a forming optic reference measurement, a lens measurement, and the like. A
storage device 603 may also store related data in one or more databases 605 and 606.
Conclusion:
While the invention has been described with reference to particular embodiments, it will
be understood by those skilled in the art that various changes may be made and equivalents may
be substituted for elements thereof without departing from the scope of the invention. In

addition, many modifications may be made to adapt a particular situation or material to the

teachings of the invention without departing from the scope of the invention.

Therefore, it is intended that the invention not be limited to the particular embodiments
disclosed as the best mode contemplated for carrying out this invention, but that the invention

will include all embodiments falling within the scope and spirit of the appended claims.
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2. The apparatus of claim 1 additionally conprising a comrunication device
|l i nking the conputer processor to a distributed network wherein the
execut ablwozofomarie code is additionally operative to tPramars2a1ine4n®l ogy
data descriptive of a current inventory in the netrol ogy device. 3. The
apparatus of claim1 wherein said neasurenent conprises one or both of a
formng optic mandrel neasurenent and a | ens neasurenent defined by a
collection of data points. 4. The apparatus of claim3 wherein the

coll ection of data points conprise spherical radial coordinates. 5. The
apparatus of claim4 wherein the spherical radial coordinates may be
converted into Cartesian axial coordinates. WO

2012/ 075016PCT/ US2011/ 062408 6. The apparatus of claim 1 wherein the axial
t hi ckness value of the | ens conprises the difference between at |east two
measur enents.

CLAIMS

What is claimed is:

1. An apparatus for executing a method for measuring an unhydrated device, the apparatus
comprising:

a metrology device capable of taking a measurement in response to a digital signal;

a computer processor in digital communication with the metrology device;

a digital media storage device in communication with the computer processor and storing
executable software code which is executable upon demand and operative with the
processor and the metrology device to:

store digital data descriptive of an inventory of metrology data wherein said metrology data
comprises a measurement;

receive a digital data input descriptive of one or more measurements from the metrology
device; and

calculate an axial thickness value of a lens.

2. The apparatus of claim 1 additionally comprising a communication device linking the
computer processor to a distributed network wherein the executable software code is
additionally operative to transmit metrology data descriptive of a current inventory in the
metrology device.

3. The apparatus of claim 1 wherein said measurement comprises one or both of a forming

optic mandrel measurement and a lens measurement defined by a collection of data

points.

4. The apparatus of claim 3 wherein the collection of data points comprise spherical radial
coordinates.

5. The apparatus of claim 4 wherein the spherical radial coordinates may be converted into

Cartesian axial coordinates.
15



6.

WO 2012/075016 PCT/US2011/062408

The apparatus of claim 1 wherein the axial thickness value of the lens comprises the

difference between at least two measurements.
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