CUVETTE FOR OPHTHALM C LENS CROSS REFERENCE TO RELATED APPLI CATI ONS
[ 0001] The present application clains benefit to U S. Provisional
Patent Application No. 60/871,319, titled "I NTERFEROVETRY TESTI NG OF
LENSES, AND SYSTEMS AND DEVI CES FOR SAME," filed Decenber 21, 2006,
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| enses, vessels for holding the | enses, and nethods for anal yzi ng
optical characteristics of the | enses. BACKGROUND [ 0003] The
contact lens industry has undergone rapid advancenents toward hi gher
| evel s of visual correction. Manufacturers are progressing toward
provi ding contact |enses that are designed to match a patient's
refractive correction and fit. By noving beyond standard spheri cal

| enses, manufacturers will be able to provide contact |ens wearers
with better visual acuity and overall confort.

CUVETTE FOR OPHTHALMIC LENS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims benefit to U.S. Provisional Patent Application
No. 60/871,319, titled “INTERFEROMETRY TESTING OF LENSES, AND SYSTEMS AND
DEVICES FOR SAME,” filed December 21, 2006, which is hereby incorporated by reference in

its entirety.
TECHNICAL FIELD

[0002] The technical field relates generally to optics and more specifically a systems
and methods for testing optical lenses, vessels for holding the lenses, and methods for analyzing

optical characteristics of the lenses.
BACKGROUND

[0003] The contact Jens industry has undergone rapid advancements toward higher
levels of visual correction. Manufacturers are progressing toward providing contact lenses that
are designed to match a patient’s refractive correction and fit. By moving beyond standard
spherical lenses, manufacturers will be able to provide contact lens wearers with better visual

acuity and overall comfort.



[ 0004] Metrol ogy (neasurenent) techniques and instrunmentation for
eval uati ng | enses, however, have not kept up with the rapid
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aspherical wavefront of an ophthalmc lens. The interferonmeter is

capabl e llimatignyyisiested wi de variety of |ens types, such as, for
exanpl e, spherical, toric, bifocal, and nmultifocal lenses. In certain
enbodi ﬁw&A e invention, Ienses are nounted in a cuvette that
circulates fresh saline about the | enses and is positioned in a
vertical test armof the interferonmeter configuration. A technique
referred to e[eoosevem Bfte Aspyidts the preene Aivelt®nlnvdl vesettilitaion efewedified Mach-
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The foregoing summary, as well as the following detailed description, is better
understood when read in conjunction with the appended drawings. For the purpose of
illustrating the use of interferometry for transmitted wavefront testing of lenses, there is shown in
the drawings exemplary constructions thereof; however, use of interferometry for transmitted

wavefront testing of lenses is not limited to the specific methods and instrumentalities disclosed.

[0007] Figure 1 is a diagram depicting an exemplary interferometer configuration for

obtaining a wavefront of a lens.
[0008] Figure 2 depicts an image of an exemplary reference wavefront.

[0009] Figure 3 depicts the transmitted optical path difference with unwanted pixels

removed from a positive test lens.



[ 0008] Figure 2 depicts an inmage of an exenplary reference wavefront.
[0009] Figure 3 depicts the transmtted optical path difference with

unwant ed pi Xiblﬁﬂﬂe 94d5€pc1)&%%18{%§rlgﬁﬂr Ea{&?%ht‘%%’f‘)‘fﬂ‘ 0010] Figure 4

depi cts an exenp ar ont "Figure 5
depicts an estimte of a neasured wavefront transmtted through a

test lens. [Q00A] Figw £dpichaysstthatdsuiacire@welidiont ranhitedeesiestest

wavefront for a calibration
lens.

[0012] Figure 6 shows a measured wavefront and a modeled wavefront for a calibration

lens.

[0013] Figure 7 depicts a difference wavefront of the difference between the measured

wavefront and the modeled wavefront.
[0014] Figure 8 shows a Zernike_ surface and image thereof.
[0015] Figure 9 shows a localized defect of a tested lens.
" [0016] Figure 10 shows a region in which fringes are slightly flattened.

[0017] Figure 11 shows defects indicative of possible stress or other alterations in the

periphery of the lens.

[0018] Figure 12 shows plots of spherical aberration versus frequency for four different

lenses.
[0019] Figure 13 shows the thickness of toric lenses.
[0020] Figure 14 is a cross-sectional view of the cuvette.

f0021] Figure 15 is an illustration of an expanded cross-sectional view of a portion of

the cuvette,
[0022] Figure 16 depicts an exemplary coupling mechanism,
[0023] Figure 17 is a top view of an illustration of a cuvette positioning mechanism.
[0024] Figure 18 is an illustration of positional flags and positional sensors.

[0025] Figure 19 is a diagram of an enclosed cuvette.
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| ens. [0013] Figure 7 depicts a difference wavefront of the
di fference between the neasured wavefront and the nodel ed wavefront.

[0014] Fi gur gof263 h%l@Z@%m Sy Sdbhacs aa@Qamﬂe??oc&@qsl%f nink @Bcbatbrs of an

Figure 9 shows a’l ocalized defect of a tested [ens 6 Figure 10
shows a integflernmsiter cpnfigrhationiforebtaining a syavefinent pf aleaﬁtened [ 0017]
Figure 11 shows defects indicative of possible stress or other

alterations i e peri of the ens
plots of s phelﬂ?%ﬁl aber ? gﬁ ?%‘H Ik s? egﬁbl[éarﬁsczlflsc%l of t&]gouﬁnmda nf ?Q‘?\é\% OIS
| enses.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0028] The present invention involves obtaining information utilized to evaluate a wide
range of ophthalmic lens types by measuring the transmitted wavefront of the lens, In certain
embodiments, a Mach-Zehnder interferometer is used with the lenses submersed in saline
solution and mounted in a cuvette, or water cell, that circulates fresh saline solution. Testing
lenses in a saline solution is believed to mitigate dehydration of the lens, which can change the
lens’ index of refraction. Removal of induced aberrations can be achieved, for example, by
reverse raytracing, wherein the wavefront at the detector is traced back to a location
immediately behind the lens. 'Reverse raytracing facilitates the generation of theoretical

wavefronts, which can be used to evaluate performance at the transmitted wavefront level.

[6029] Example type of lenses that can be evaluated include hard contact lenses, hard
refractive contact lenses, hard diffractive contact lenses, hard hybrid refractive/diffractive contact
lenses, soft contact lenses, soft refractive contact lenses, soft diffractive contact lenses, soft
hybrid refractive/diffractive contact lenses, hard contact lenses comprising an active
pharmaceutical, soft contact lenses comprising an active pharmaceutical, single vision Ienses,
toric lenses, bifocal contact lenses, multifocal lenses, cosmetically tinted lenses, freeform lenses,
an intraocular lenses, intraocular refractive lenses, an intraocular diffractive lenses, intraocular
hybrid refractive/diffractive lenses, accommodating lenses, spectacle lenses, refractive spectacle
lenses, diffractive spectacle lenses, and hybrid refractive/diffractive spectacle lenses, composite
Ienses comprising multiple and embedded materials, photochromic lenses, and molds used in the
fabrication of the aforementioned lenses, It is to be understood that example lenses should not
be limited to the preceding list of example lenses. Those of skill in the art will readily recognize
that other types of lenses are applicable and appropriate for evaluation via transmitted wavefront

analysis.

[0030] Figure 1 is a diagram depicting an exemplary interferometer configuration 12

for obtaining a wavefront of a lens. The interferometer configuration 12 comprises two beam
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[0019] Figure 13 shows the thickness of toric |lenses. [0020] Figure
14 is a cross sectional view of the cuvette. [ 0021] Figure 15 S

an |IIust xpand Sig® ctlonal V|e
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cuvette |t|o I n chanlsn1 0024]. Figure 18 is an illustration of
positio "'F“F &5& %F%dt dostedarey PlEl suvetig@Sslenynejshewvn  Figurg 1), The

di agr amjght anrenel :R:%ﬁgs ﬂh‘é&‘:fbﬁexample p1oduc{e99%§ﬂe151't g&fn@'oﬁl@gﬂt S CBherdrfoWs
di agram of an exanpl e process for alignin etectors of an
i nt er f erreepsied incus oflgnathi v 1n oR cxsIR ﬁmgocanmw@]ﬁrcohm enst ofithespce 14 is

greater than the expected difference in optical path distance of the reference arm 36 path and the
vertical test arm 30 path. Light leaving the source 14 is filtered and shaped using a collimating
lens 16. The collimated beam of light emanating from the collimating lens 16 is split into two
beams using a beam splitter 18 at 45°. In essence, a beam splitter is a special type of mirror
wherein 50% of the light is reflected, and the other 50% is transmitted. Thus, 50 % of the
collimated light beam emanating from the collimating lens 16 is directed, via the beam splitter
18, toward the mirror 40 and the other 50% of the collimated light beam is directed toward the

mirror 20,

[0031] The beam directed toward the mirror 20 is reflected by that mirror through the
reference arm 36. This beam is referred to as the reference beam. The beam directed toward the
mirror 40 is also reflected by the mirror 20 through the vertical test arm 30. This beam is
referred to as the test beam. The test beam passes through the cuvette 28 and test lens contained
therein. Concurrently, the reference beam passes through air, or any appropriate gas, of the
reference arm 36. Using another beam splitter 24, the reference beam and test beam are
recombined, and interference between the two beams occurs. Two beams emanate from the
beam splitter 24. One beam, directed toward imaging lens 42, is indicative of a portion of the
test beam that is transmitted through the beam splitter 24 combined with a portion of the
reference beam that is reflected from the beam splitter 24, The other beam, directed toward the
imaging lens 32, is indicative of a portion of the test beam that is reflected from the beam splitter
24 combined with a portion of the reference beam that is transmitted through the beam splitter
24,

[0032] The interference of the beam directed toward the imaging lens 32 is recorded
using a camera 34. The camera 34 can comprise any appropriate type of camera, such as a
charge coupled device (CCD) camera, a complementary metal-oxide-semiconductor (CMOS)
camera, a charge-injection device (CID), or the like, for example. The camera 34 is referred to

as the science camera. The imaging lens 32 is placed between the beam splitter 24 and the
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[ 0027] Figure 21 depicts an exanple target |lens used in the alignnent
of detectors. DETAI !_ED DE_SCRI _PTI ON OF | LLU_ST_RATI _VE ENBCD_I IVENTS_ _

[ 0028] TREBY SHEN 34 BUAAEL RO IRl YRS RRAALA! Aol AARARLIAL: W P Frne
to evaluate a w de range“of ophthalmc lens types by neasuring the

t ransm tdécidcareaneta Bhtongirisedrhe irpaps.of khe ioerfeanee m@itbrock theitns under test,

Mach- Zehnder interferometer is used wwth the | enses subnersed in
saline sol uti and nmounted jn.a c vett_qe1 or water ¢ 11, 1tclrg‘%lt _
circul ates ol _ls;ﬂhic.l?ea%éhah’c% Ao hige MBS P issalleofrd ydhe eamesse
is belieyednicd ik @atea OB iR Qe TRRamEASE MREERpERInG Iap%@@iztt@e

| ens’ index of refraction. Renoval of induced aberrations can be
achi evedypd efrcageempich as pyharesequpled dgyice HeFIALCamiFe f 6PHPICHENRER B Rlopiide-
at the d ' c il R68E bQheel (ETBH bARE ke B6NLAMhpNern
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can be eS\PEFfif\;[ﬁefﬁoql IeEE A %?o%’fié‘&&%ﬁh’s@%ﬁ%{?l&eﬁﬁ“ ﬁltdlle\;ebeeaglos Elg%tm
| enses, faah thedidt bmag.i Vali£@bh atthe ted sahsrad 3y, @8 hythidesltwo views of the lens under
refractive/diffractive contact |enses, soft contact | egées, .gof.t
refract %% HbitacmPlengBRdImg Y theiMIREtAMAE CHiitHde  IERSBasnidgon level
hybrid rigfeaskt we/ifhfihg aahdry 88 (PRE akd rde§iAIRSentiRAlehs G0 RS BHSFROM the
conprising an active pharnmaceutical, soft contact |enses conprising

an act i vigagingicameradBiacsansed i1 theliameies pesheijcasisgmeasiepentsan 3l as patingcthe
cont act nél%c@ﬁl%ﬁt ofrﬁ'rg z[n'af ?ﬁ?{her %‘ﬁ/ﬁ,iﬂ tﬁé@ﬂﬁ 'z%ﬂxj-: [)iyth%: te@@l@ﬁ's l”ﬂ{%%si%nce camera 34
freefor snses. ‘an 1Atraocul ar lenses, intraocufar refractive

| enses, saes thatematpdraon ofi the opteal 2cac beths ésst lennt Traopiohiales mykimiugh spatial
refractive/diffractive | enses. accogmodating.,l enses, spectacle

| enses, FEYTIERMTRAE IURREng A eetl4H§W§t§3§,wad'f:$?r}t§gfhiegee£%’B%‘ct acl e | enses,

and hybrid refractive/diffractive spectacle |enses, conposite |enses
conpri si ng myhe34p! @hame@mﬁa@ﬁ@bnﬂ%ﬁ@ﬁb@imoe@Iii@mﬁﬂzaaﬁrm 6pticeNIBa is, @Rl
nol ds used in the fabrication of the aforenentigned lenses. It is to
be underat Bodevigrs pdded ppineved feesthe suTomeer Walipiralieiel? Pdempa signal
precedi ng.: bl Sbie % S IRAPRLEmbRPSEFiguhGS 2, 001tiR4kibh of R fRic@bulWifkkly require
readily recogni ze t hat otﬁer typ§§1 of l'enses are applicable and

appr opr itht desigmrof @vH loptidsiforeavi kens fyansad theedidasange pbHiens tyned makies this

[ 0030] Figur i sra.diagram depi cting. X i ar .
cont i guraershes fifof AT Ao e R AREFIE iy ol PhElR RIE Boorsof
i nt er f erthgrie@feranané @ufigirhtion 122 Rietypedassstht wavdimatis coldatdd apd saitBred B4 the
and four, mrrors 20, 22, 26, 40_.for steeling be of light through
The r of GPEHEE SaRTH (S8 SHENE RRmUB f Aad s e 30, i S s
posi ti ongglefiBnt gk 1bhsC Md delor afdhaBhedaBdcdngthk s feréice iieaBon the

be tested are placed in the cuvette 28 (lens not shown in Fi glgr,e 1{).
The | i gifietestouiscissolved. dnyamexggnplary ggbpdimsnt, dig dppiferencs fpgrs ate prokibibe fepp

b fdl i el - - in Ii 1'. e is less
eam o éhbxggg%%l%i&rmtﬁﬁg&&nﬁg@ Cg&g 1[1%11}\;!&59 SnQfink BAOHB fridddrdgd R is ]

exenpl ary Iment , co _ e source 14 is greater than
t he expebiretie dyhhiet ferquendyforte fetedtorp dh lan ditenate ewbatimetehovedver, v Myawish

36 path .and the vertical test arm 30. L1 aht i ]
1a Lo firearereey b i Al C eGP Mt b s 2 e Uy b enee
beam of dehghied ®yantetitgnamomnulleowfiduldtival Thgd,| tkneavkebiontresistrictedidtahe
two beans usin beam splitter 18 at 45. |In essence, .a beam splitter
5 a speiesior 1y b MEGRREHE THOSSADERAHE oY G EoRERT 840 dRiEine
and the QkberTRO%NK ot alcoRMSN JathesbiwdtiUBe reRfer’é @fm 86 end@btl B SEhvEA G
beam emanating fromthe collimating lens 16 is directed, via the beam
splitter 18, toward the mrror 40 and the other 50% of the collimated
i ght beamis directed toward the mrror 20.
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[ 0031] The beam directed toward the mrror 20 is reflected by that
mrror through the reference arm36. This beamis referred to as the
reference heam._The heam.directed toward,the mrror..40.is al so

ot ot dgoS M et REREG IR FisT S S A R e Sa g B S
beam i s wsbeihg @ ihducad aidnatiéSt dbyearsd bERay.t est beam passes t hr ough
the cuvette 28 and test |ens contained therein. Concurrently, the
ref erence beam passes through air, or any appropriate gas, of the
ref erence ar r[p@%.] U3 AheeaiAT eMberimants PEinter&ierrs payqies Frafigitizad andheam
and test.Heam ﬁﬁ?gi(a?@ﬂmhﬂgﬂroc@ég !o%ﬂaﬁérgér _ s&ﬁ&&%g%ﬁ&]ﬁ 60 RGBT
occurs. Two beans enmanat e omthe beamsplitter 24. e beam

di r ect edpptiowhe tenp medyr trgt)| he médsurddgransmditted wiavedronf isang gredito detefmindie

t est be that. is anspi;tted through the bea litt.er.24 conbi.ned
wth o nORERBss of RSPl C PR hafr MATRP b pibnfer B g iane
spli tt eropRthalrfiberedriptionbeam directed toward the imaging lens 32, is
i ndicative of a portion of the test beamthat is reflected fromthe
beam splitter_24 conbined with a portion of the reference beamthat

i's transnittéW0hr Suheremelaseembadinent @ mpuor 38 locatediab ig:3pp qhge reference

i nterference ohmplifts a%ﬁ@é@sﬁﬁﬁ%@aﬁ%iﬁ@‘!‘@‘hg e shifRQicBghbliRPSare ihilemented
recorded using a canera 34. The canera 34 can conprise any

appr opr ibatusing ppe appfropritrematerial gudh assfon exsnenleydead girpdnate titendte @b{D)-+]0s),

caner a, o] ar: - oxi de- i con t.0F c ra, .
e e P3PPSR A6 R ) e A0 1 G pSRIREC
34 i s rembodiagnt, theasirtohd8 sai dynemiccampoeent ditehed@ghatgp rdfasn@Aringnirror,

pl aced t t he beam splitter 24 dth ience. canera 34.to
Prmge A 2 it BEES Btabi nsfisn Sty HongBS hsGitod R e o Bisi dgo
by the StigiRcdiceodBiage Sft GOMP rdcdRR iMefdreRe Pa@im.t AQeliddlo? Hht@r S Cecorded.
pattern_at the |ens under test. .[0033] The heamthat is
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devi ce (wibbipgeiskablea Utdizingrie eineant38rwithraephake-ghiftide senebBioh dove v, IEONGS)
carer a, d@s glgﬁjlrg_gl@-i njection device (CID), or the like, for exanple.
The 1igh ect ed by the inmaging canera 38 is indicative of the
light that is reflected off the beamsplitter 24 fromthe reference
arm 22 and t [(®37] gAt slidval iniFsguire anbenietitagrdl 30hs earddally bechtednT s pleivdr esntzd

fromthe test aim 30. iljzation of the two caneras 34, 38 provides
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the imaging canera 38 to_see and record the entire | ens under :
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design of null optics for each lens type, and the w de range of |ens
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canera 38), the paraneters of the test wavefront, imging |ens, and



results in different aberrations in each wavefront. An exenplary
calibration process for renoving the induced aberrations is described
bel ow.  poth podiBR3mN nbhtid 18R VR YeoBFRAGHEE Mo wiveoht MR fHRNER GRder test
patterns arg digitized and recorded as digital data that is pr ocessed
t 0 generdivergeshend thanibailistaner femdlte lont uider test e the dpgng Iops isdal{enieto aegeynt.
under t [
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| ocat ed HIPEERE YHTgRts fi P’é’PE‘P‘ EhcmagydhysBe tist FuRda 34 prhds 9EE i ng
capabi | i gaherald®e phase shifting capability can be inplenmented by using
any appropriate material such as, for exanple, |ead zirconate
titonate (Pb[ZrxTii-x]03), PZT). PZT is a ceram c material conprising
ferroel ectri d0@3M gdihe 2isel. o ﬁnapmgp@fdb@wwlé@ be ipagsl (gpisnbiodirtatsn the Nygaist
mrror o] f m
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anbi gui tasofindidiewish @B wakkibHEnii@Bér (AP kitoweh i Giveed:t asE@dfal exa(Platio, dnd rélative
static interferoneter, a +1. Dand a -1 D |ens would

be

i ndi st rAPETOERA®H the | ingeing lonst A &b imeee e 4 espegtivehn sBheskprking fgumber,
capabi | i f4 &%y@iengfhe gRYChe hﬁhﬁnﬁﬁ"ﬁh @4 did that can b%ﬁlge&%h PAShSIBRAWhdED
Figure 1, t e test arm30 is vertically oriented. To prevent contact

| enses ftesinHisfiwaichey withide pixebsize wvihatmeitensystane irdineiting therrpiohition of thea
hori zont o] te h Y 3]

the ver sy HEREALHERM &Rl BABLIRLD Botire Wihln lnPERLELA S il e
t he cuvetdking&;nutrber thkes iine anepht the enagnifiGaticA®f dreemagingsgpedn.vertical |y
as shown in Figure 1. The interferoneter configuration 12 provides a

vertical bea h for ate | e S, d bet ween th riscope .

mrrors 26, %gﬁhé“lrﬁet“élf’?eéf ¢ &fe &Haﬁﬁ e@?egﬁg?et}l?/&‘qg%lc’pm
test patiQih@sgédm afs@ruubmuaeﬁsearﬁnﬁ@scﬁmmn?»@mﬁdha&h@e&@@g BY Mudéksind i eQest
al l om ng an encl osure cuvette 28, over the |ens under test.

As
descri beensip spigtien, deerdynpmisapags, of thednietforometsr 38 isjpecasads This fredgielty the
|1 ght - U] @Blen &N QB Boc iR ISR G, 43Pl 1 e L RfindAL i,
used wi th the enses, and e systemf external air
t ur bul erloderms of powaoma@]exmts@ndxpaﬂﬂtm inghe atheunit pfppwey that panelee Bouraisly 42
are cap e of [hN l-] _or st ant.i
wavef r Oralt% ted ﬁﬁ any tlilcru¥aé*%gt§nr£ rgl}letglg n § ﬁgpef fllln tXi%)qeéa?%g\g?%ﬁJ%h &gla cte s as
bot h posputdl ¥e qﬂ:del aeght ad imagiag dens Wah‘feteﬂ’l e@é‘tenm e ppsis imhersed, the powel
wavefront after th& | e unde t&ﬁg ver , Eng t hus t he g%stance
from t heD RETEAngRYE ont & 1p ol d“? tae fyReEHe 13980 88 ount
The powahtefbrohider il MR di&xleﬁﬁﬁryd@ﬁlﬁfdﬁﬂlélﬁsa ﬁlglﬁy RBRENIvE &b AAthHoILE Pixel
the wavefront is imaged. Accordingly, the power of the jmaging |enses
32, 42 idenyityean lrae gragwalsuerolution dhead & FoRBNCHMV e EHBREIY & NAVISE £ &t S
ar e apPIRLidflLed ABRARYe b s ORI G F AR AftpNCbrkifink FRGeRGiviey of

caner a
interferometry with the increased dynamic range of immersion provides a practical technique for

testing over a wide range of powers, designs, and materials.



[ 0039] The pitch, or spacing, of the pixels to be imged typically
di ctates the Nyqui st frequency of the detector. Accordingly, the size

and pitch of pi he i ma ed a Si der d to ensure that
the int erfercm@flér V%W%S‘?edmnbehm f‘ﬂ%"%qft%’é?’?f F Basgpgwer 5 the test lens
i nt er f ergpiesly Wﬂllq:nsdul‘.e imdrfdrdiRe patke@hs with HRirde TRGDEr M TrihHR bSECH®E reference
canera 34 and the imging canera 38 is cqoordinated with the working

f - number%fent ik ABOM- iR reqerd B fughdregpensy Thnges.gn an exemnlay e@hadlrr@ntafheve
apertur es\neﬁée ddiRrd m&wmé%n?@ewxﬁ e Haéﬂtﬁgo%? Q§ nfhe square, It is
respectively. The working f-nunmber,” along with wavel ength gl ves the
m ni mum semegirasl, Bowever, it th@ampb@epﬁawud@o&bymcg@m@ﬁiéimma tsesemplary,

This is tem.is

i1 g R g dptobrhRcRibplaniedBio ot H\Phay IS il SITET) Fesolve the
differs lﬁg}ofnq:quhmcyrfungaescthmencteamféf34lpmvhxms Tughmpﬁtiaﬂitesblbéomtnrtkd ng

f - nunmber__t akes i.n account ni fjcation f the i m

00401 - e sERenn a8 AEE0E Mot A e A e thE b S0 e gt B aPgr B ptligesatul
t he testfran@ciitectapy iThe fmlsflmﬁamﬁmtmamao@e}aws @ Bxte ML AS iRoRR} iohe
solution, within the cuvette 28. ){ imrersing the test lens in

sol ut i orProReH repdauthe.chargsy dn g exepy mhﬁ@bwméwetoevo‘me heLtprENGs amaceystic-
This is dtQH@ (AG) hB&uISASES @8REn cbhj Eltft%oglufltfl]%@gb‘ig allffkef @sfeﬂ @(ﬁtﬂeXrﬁ cle?ﬁiiﬁ% When
between the test optic and the surroundi ng rre ium terns

t her e exwgegomand ahigard. Hermadujatortphedugercfist Q)ﬂelﬁmmrcomthlaingdmmbpnty of the
accur at a

s corr 2‘{1&{?453&\%“&%%{]9 }ﬁg%sp(ﬁ‘ﬁér b%yrl'l é’ al gggt? {ol tfil gpnﬁalefgteke?}hgrbg-% nﬁoé]u aé% ds

i magi ng threedoftli cnbyethe zemW‘@m bézfme(vtd&slt 1s(blncked bystht Bpreiabiicer) & peesgoWehus e

range of EHIAT APEEERE eits 3 ST R 6 B Gt DR Homeeh ] I 40

sensi ti wibdeRkEiadieh By B! iehécdaneixed,; t}ﬁ@@mtte»ﬁngm teAd@iEo bR Rirhdly.
resolution is used in conjunction with imrersion to provide a test

bed with an acceptable | evel of both sensitivity and dynam c range.
Conbi ni ng t h&0&hsis mentigned pboves iverss vireding fFilitatesiies ganernbers eftheoretical
dynam ¢ v 0es 0 lynidiIR S8t Bafif teq)%ﬁoﬁna%@ﬁ&m&&bnshgt?éa%a%ﬁoﬁt %}%ﬁ, &9
over a wi de range of powers, desi

Even wi tuhddar$tend hnweﬂls ﬂmmetlnalwhrcﬂr@mm gehemeday to congddoadet ipbuieg dekctedehe

t est Ien |ca roduce interfere erns wi.th a |ar
nunber 01% %r |nr?8é’§° % g%tvﬁéeﬁ%ﬁt%Wetﬁ%%la {’}Cﬁ? 'g‘?‘i?cttcfrs(eﬁl’ EVIIE L cﬁ*ﬁelag%'
record mhmccbrdgimefwleqplﬁmguﬁmg ﬂﬂﬁ'ﬁeaf omm)aGPS@X&nlﬁm{(t%igﬂg@E’@wéhlﬁﬁ{HlelamgB
science ca es a four nmega pixe etector, over

mm squarPBica caf path 3‘%@ "g@é%bb RSN O WY ORthe The s iefbwi o hewevgr, is
f our m%t@dt%bef%@at&ﬁé@&@a&ﬁleﬁ%%@k RLY, an8 Ret 4t ARt scRAYe SRRELH, I B Sbotain
detector can be utilized. By having enough resolution to resol ve the
hi gh fr Esisrieyd Wavefigutsa knaven rsteranne waﬁmr is usyl iprconjinkiion wigiithe PRDi tafinfer
resol ut Lat th
Gonsor - o kAot e TRASHORIPAL cidite oAbl e f (R Dt A BBl ol
The ful thefqpameofa'mtcmlbmcteu iz abﬂu@ppmmumhacem fexdlibraiimh psdeatstienseidno corgrern

0 e M SRRk PR s ST o

conj uncthe@dntatttiénst he spatial filter used for beam cl eani ng. Wen
turned on and aligned, the nodul ator produces a first order beam
contai ning the rraj ority of the incident laser light. This fast order

beamis ali gf8dk oAtPH’él0§}9§EhPa‘PduFi’4 gheprations dlapend eniesdnsidens wavefrantr ned

of f, ONkywbi&, REMHAZARMELr BEAHAYBES iohS isk e

fil ter) I'S presentg Thus the m)tli%{ﬂ 1atlor gngﬂ Jﬂ?é TEdLl 1@?@%&%& \éeﬁé)ﬁt
on/off switch for the light into the interferorreter The AO nodul at or
is driven by the science canera 34; thus shuttering and readout occur
concurrently. [ 0042] As nentioned above, reverse raytracing



magni tude. This allows for the aberrations to be treated as a
perturbation to the wavefront. Mathematically, the operation of

| magl ng %\%}%ﬁlﬁ?ﬁfmﬂs%ﬂdﬁé l%f’xqtibﬁ's. tB% ﬁeﬁ@cf‘%s e%ﬁ?ogﬁgﬁr%tvw\? wavet¥oht.

A{W (1) represents the original wavefr ,

r epr esensthemhaticaligl uoecbeadtion pftmagisg thd vevefonaisidefinetl{inyhis sonfeséds:t o
indicate that the induced aberrations are wavefront dependent. The
imaging lens 32 is the source of. t i ed aberrations. One way to
see why different vvavefront]g'“gr{g’pei_S@J’darnﬁ%J rent aberrations i(sa(1 0 View
the different wavefronts as shifts in conjugates. The conjugates for

the int el ARbREenS: thEBALNA WRBFom Zandl A Wrﬁapi'@éﬁts ediicedbbcaions. The
pl ane imediately followihg the test lens [ocated in the cuvette 28,

and t he notdtiondd Whiswsest te infbeatathatrthgindussdiabaratias ae ve e derendentn dhe
change, . . .t t ] I : i j £ f ront
bei ng pr%g élﬁl g h]%gg?hset Hff‘ Ee(ghﬁcepﬁgéleelkgg%gi atﬁﬁtﬂéﬁg& d@?ﬁ%et%tsgiggé ?i\rf%%?lt

t r avel i ngavefroms glaeitvh diffenang) egragyistie m dewicatitfelemywaviafontsragihnity ihens 32

and the scjence ganera's detect.or .34, . . 1.0044] ..The .detected ... .
i nterf ercé’ﬂl’:‘éatﬁsat'ﬁ?rcﬁgjug%tﬁsr %’é g’r‘?tlntfﬁ%‘ OFcteF 81“8?\%133 %3% %\zezgﬁ'ﬂ}eﬁrﬁsg gisan%fw ichis
wavef r onhéplafdishridtiatdl Eolwanisd thedstlehiRoEed Make cubbge TRERA (HeRBlende daggta’s
beam between the inage of the test wavefront 1(1\/\1) and i mage of the

: . g :
rof er encistcgieyat BRI (AR Covnis daapLaEEr: BR-Tenso thopRigdesults ina
represe rﬁi?&'eﬁ%ﬁ@ﬁ@ﬁt'b%ﬁ%g |pYes@istiin BRIt plahTBndWus 2 BN RavetrdnyEradeling
AAIW}) - (W\R + A{WR}) (2 [0045] An inverse operation to the
i magi ng throogleths imagivgsystent epgpmleted h}gt,he@anglmleu%%am&h@léttl%rwprpﬁéer@’ﬁéletector
vvavefron% at the lens. Wien the prescription of the interferonmeter is
known, thé systemthat generated the aberrations is not a black box,
but rather a collection of optics that can be nodel ed. The nodel is
t he tool thatjo®EgbiTas dasctedineirfeeenoppat@insaepre@nt thmdiffegence betekgh ineger e

raytracing. Wth reverse raytracing, the ve n he .t est, pl ane
Lypi cal |OCHECPIHAEN Aot X @f'g?n%fq%xﬁﬁﬁ@“ﬁw@?@ﬁo}ﬁ%ﬁ st begn bburadhe
from t he @R aRE ekl f8BHEWRYES 3L ofihe téteredad \WOleBONIW D a8 G Agtettdy S
backwards through the system The rays are said to be traced

backwar d¥ansdt thaeséore yipessanied pathematisally é4f er onet er i ght travels from
test plane to detector (science canmera 34), the rays are traced from

detector (science J&é%ﬂéﬁgl%??ﬁ}%gq‘&gﬁﬁﬁé% UQN{W“Aﬁ 1) angy

Equation (2), this inver ematically as:

[0045] An inverse operation to the imaging process, reverse raytracing, can be used to
determine the wavefront at the lens. When the prescription of the interferometér is known, the
system that generated the aberrations is not a black box, but rather a collection of optics that can
be modeled. The model is the tool that enables an inverse operation to imaging, namely reverse
raytracing. With reverse raytracing, the wavefront at the test plane, typically the plane
immediately following the test optic, is produced from the OPD and reference wavefront at the
detector by tracing rays backwards through the system. The rays are said to be traced backwards
because, whereas in the interferometer light travels from test plane to detector (science camera
34), the rays are traced from detector (science camera 34) to test plane. Using Equation (1) and

Equation (2), this inverse operation is defined mathematically as:

-10-



WE = "me{ Vir + A{ WI}) = Ing-1{ OPDT + Inmg{ WR}).(3) [ 0046]

Equation 3 illustrates one neans for inplenenting the pr ocess of
reverse raytracin Wthlr ere o th nt erf er onet er rays are
traced along the r FefrIBﬁcé &T})%zﬁbpﬁé%& Y optl cs 32 &Nd

onto the detector, science carrera 34. This is the imge of WR

(1 m{VR}) 9646 S EqDRbn3tHedrated chbRieh NS n?i@ﬁ&it'ﬂgﬂﬁ SrelNird
position an(??ang quAt tn pléll nt0 tee |n%1g of A cagﬁ bg Sobt z;;elrlsgd
The r ayslam@mgh é?ﬁlth refarerge btathk inteyfarpractenkd; rayks aregraced alohgpthe eferepdeams 36,

t he ray [ i s. VP L st.i mat

of St he” apiBllh BETEGHE TR 28 A G 1R Herccll ld Seaafera 3, Thils AR R of -
i nver fs e (D‘pg{r\ﬁﬁ])o OPDs i$ abﬁ hdiﬂd &ntglle sdyisahaggin g bdth alteuepoﬁmdﬁ hr(]j(D‘ngld’l SM t}rl]m
interferometer.is u rovj correction. The e nd the
Lt ol I P biRs O e bR PRHSES B mEORT i Gaeset oak (R o dhihe
to betteLy BRhe theldlR a?&&dﬁ%néd%E'iJa%fP&Ftw%&c}Pi@W?eth@&}ﬁhﬁY %Itféeg&@#gﬂ{eﬁte

process known as reverse optim zation e nodel Ts veri
magni f i ceaveliontd¥ .t Hee iessay ﬁhagtheemltswf dmnpmtoesnatlﬁmisyattem adiestinaaie sghat a

are not kn om SCli t|on nce.from,.he f.the
oiver o SRRLT b BR-ABRASSE LB EPorldltialoPh AN Tk BBk R0 Pl | 1o

| ens 32 itterfelhmedetacdiffer, Cotieetipeor eﬁ,hmmg% mbdel &f bettei match @Raciudld

di stances re the oq:} and. i e di stances for the jmaqj ng Lens 3i2.
Because RRECTPMSET FAY edshieyed Ripyaiha PIORGRH<BANR A0V eReORiYFition c Zhe pipdel is

bet ween vehfe L ARHEIAIRIRAARES Y RofRTerRNCidd hghtdf. COA® v Ristalcdd Al Y
determ ne the two distances. A paraxial raytrace is_used to update

t he nod&noyn fiep & pescripden: theclistencadigr! the et qf dhe uwetéa A8tadin imaging lens 32 and
[0047] Fl'lfgd*lgtgnc%’fxoﬁl &U'i[ﬁa%’i Ehgyj{%tﬂe d@&?o Féc%[:gczﬁ‘?éﬁ b#‘sﬁre%& fﬁ@ge' tQKS
wavefronts. Figure 2 s an i mage of an exenplary reference

wavef r omistanyi Melthe’ﬁh,@cttzmdtlm@gﬂdlsiams fos the lmagmglcm@ﬁﬁeBegﬂuwsthe ieapsnge lamedis
the hei h;[)wrllJ F1AEE &R [(1?10%0 b r\gee -IFEPD Ei onty VR
44, is SHowy as VST Ry Do TREREC P BRvEe CCH’E‘J“%%CBSHeSer‘% 55%‘%%‘% to
bei ng f|uﬁb1.mziﬁﬁ:h$o umqﬁrﬁﬁéﬁuaﬁmﬁ&tﬁe tved distanes. Wepeedxiad idytradtRs uded,to apdakdtde
det ect or ence canera has a consi derabl e anount of power.

As depi érfoélﬁ glﬁe"t h"enﬁoﬁttlﬁ?elné?‘wl‘é’ruoﬁ?CB?UI?fFed‘&r e 1, the collimated

light in the reference arm 36 will produce a divergi ng wavefront at
the science qRARl ardfre 2TFig§1é§F@ghré BYE uléﬁ‘ﬁlu'é@:ft@(rﬁﬂﬁ@v&&@éfﬁin’isorﬁ ure
WR, 44, because the i mging | ens has as S conjugates the test pl ane

and det édepiets apiigagecofIn gegppluy lqﬁp@nrcm‘sawﬁpht Wniehat g tesk Retiosd6 is a plano-
t |
Do o T et hOle fBATRY o A 022300 Y8 ERhe GG, g

measur eds Kﬁﬁ@ﬁ ag Bavigg admenleltabletahmunmﬁqyewelf ad\Bppbded to bping dlac eThitie becangrethe
of WI 52.. The i mages 4 nd WR 44 differ b DT, th ni t ude
OF Whi oRerpee sRAER Bee ML st BRCl e e Bl Slps i34 B conbgAaE Sigotit

posi ti vef p@sdr. AR ESpIV@E irlihe thiér@rorh&tk:S1 22ofamgl e 1, théeoliinmee 1ight i bR ré@fdnce

wavefront has.a | qgnger radius of curvature (less sag over the

aper t ur 8y PhEHl P’f‘?é“‘ierﬁe@éefgﬁlg iaeelont atthescdenge 6amea At This issindmage of the

raytracidigreh® RREbRIWL044, BECHEBEE 1lﬁzfglﬁ§11@nstlﬁ§tas wev&hidark thMes% lane and
resulting in the estimte of the nmeasured wavefront transmt

t hr oughdetactor. ddgure 3 depivl QPP S widpinstastedipirels, tapraseiBing distortion, 1emoved from

the positive test lens 50. Figure 4 depicts an exemplary image of a test wavefront, Wy 52. The
measured OPDr 48 is added to the image of Wg 44 to produce the image of Wr 52, The images
of Wt 48 and Wy, 44 differ by OPDr, the magnitude of which is considerable smaller than either

wavefront. Because a positive test lens was used for this example, the image of the test

-11-



[0048] Utilizing the inteiferometer 12 and wavefront determ nation

Wi th reverse raytracing, conpari sons can be nade between a test |ens
and a moggleabints a'fér%’éf Bdfs SPAWGatre MR&SAE %%r"éﬁé’%ﬁﬁf& thaR tANFhade of the
nodel ed wavefront 58 tor the calibration’|ens npari sons can

made betgiamee Wevefrms UR edrsenaytiabiag sotpplieditonhs/ efago of e tqﬁ quﬂrmgwa 52,
means for art. verif.icati for exanple. To est I|s

bet ween 'FEAUE B imaleaf ¢ O‘?F&B‘“eﬁsté‘& aay O%UE&FP%?‘*:%O&% "ég‘DaS
In an exepRidary FRmRosi ment, a plano-convex gl ass | ens |s used as a
calibration part. Paraneters such as index, center thickness, and
radi us of curvature are neasured |ndependentl , providing a conplete
prescri pti on [Pe48]t R&ilizengghe inkesfeeprsitar 2tané worefsant dgfeingnation wiereyess
part, r.oagt e

B & o 370 e o e an bR LT IR s R BRASOELILEE FIBREE A
wayv ef r onheasiiiet IwaWﬁDonNéﬁ efid amdelad whirdrogafiefol dtea:ahlmal;lorallanis tCrenpetisons cal

Subt 1 a1 ERe i T ORGA RO e oot PRecTTsGe Bt & e e

Fi gure HAed@pitihsfodeginifler B egablisly @ EofpirisbPb@ivededifel dnRRGE ndatlv@ata, a
t he measured wavefront 56 and the nodel ed wavefront 58. This
dnffereﬁ@émﬁgmbﬁ%ﬁﬁﬁgw-éﬂaQQWWﬁﬂmFﬁEmﬂﬁﬁﬁﬁﬁéPk@?f?Wﬁxﬁﬁﬁsﬁﬁ%@ﬂﬁﬁﬁﬁ§

to avoi qcaﬁﬁ’x@ﬁor?%i@cﬁﬁame@l@ SO 23 e, dehi@r éa&h&rs%a%aae@mfcﬁ]%m@ae due
to a conbinatio factors, obscures the general shape of the

di f f er ernoeasvad éfdepsndeisty, pivslivg? enanrilete prescribitin &rdhlenwatieng with 180 can
be allev opr | - .

pol ynom e aiors PRl RE itk ieBR Bt ieBhe B ABRBpic B € ERht ion o o

t he noi Sﬂodel’edrwavbfroxplmk umammalc&amSklﬁmmmmdmeefmm Mﬂnhno;aiveﬁ)mmﬁt the

Zer ni ke polynom als.i,.s known_to cancel stortlo n exe

ot e IABT R e At SarGE RS afHrRE R ohiant sl SR By Sy
noi se, asnsnatohﬁ dRmbdeRdGRBETbAIFRM Be Regsuisd tO Cormute aberration

i nformation about t he wavefront. [ 0050] Figure 8 show a Zem ke

surface 62 and i mage 64 thereof, after application of 36-term Z em ke
pol ynoni al s 0843 o v dremiets @ Aifteranss Ryt GOof tip diffremmex betweethee 62

||| USt I 34 &bl kRIS nd tho bRAISS Waidne 9. Blis bftictdhBe £ABRBIEIAVI% of
bet ween neasure nd ed wavefronts. to

parti cultbe dmme@r 9{ the twa wa‘mf@stmedvmch adgea:ffdctﬁ f Téh@mms 1n ithepdiffenendei vkayefront
S s e LSS HE, {0 Bath SELERAREY. I DA% Al SRILACN QR0

i nt er f erchagioBE ivee differérte waatims 60 8ache alletviard i aiel appldpriag nﬁdﬁﬁelZQ:bfll ke
coefficients for this difference, power. i s neasured at -0.0

di opt er SXAPRleg] Lerniky; pglyam%%&%@% 51661639? W&BP@@ fo EE’E“H’G e
thin | engidDgelnike ddalﬁlodmﬁé 26 QRGO InNhO AWEApFIRRALHEOCRIMRE h&IYndRiaBls known
uncertainty in in The difference of -8 054 diopters, along with
the predeFasel Bowions Fean esmplagy GBRodiReNinEGornike HEyng s pseglie e oV Bigbnc e
in inde t

uncer t ai e SPAaBoy PO ) RRYROSBHARNER: Bl (U It AR e
attrlbuubdmnmswmeiMn6crepancy inindex is plau5|ble [0051] In
addition to testing for the ophthalnic prescription of a |ens,

vari ous ot her cter cs an tur s of a lens are detectable.
For exapl o, 0G05: FitH Shevot Z8nts o hse ehand et din Sitcrdre i tonn
a | ens wgdenn Fasike pbinsmidly BNG mnetdlﬂ@lemwﬁveﬁaﬁt 6OETRE Defdel sQfface 62

utilizing the interferoneter 12 BVOVIdES ability to detect defects in
optical iPestress thepedosusat the dggEnagsiioain Basompaisaa bﬁrﬂ@ﬁt mgasureddRd fpdeled

order of,, & fERE! NBMo bekiel ngm&ﬁm%ﬁ{ Kfis ble@thedtBRD: diffttehddSh power like
transmtted wavefront determ nation utilizing the interferoneter 12
can produce the spherical power of any spherical contact |ens. For
toric lenses, cylindrical power and_ﬁ%js can al so be obtained. Yet



be conducted as illustrated by statistic block 82, wherein the nean
and standard devi ation of the spherical aberration for each | ens 90,

char act eﬁn‘;gﬁ ’i%ggqgeléf dﬁgk a?r@tg%?}?n‘é%w [S(gexd%]t'%t g‘%‘ 6’@“ y: hgeI"F SIF“F[]&‘G surrounding

anal ysi Ssaldr_d)srohﬂmlfﬁ)flﬁ,1ntéﬂﬁﬁoﬁ15tleﬂkd’1}ﬁ$$hdlfalﬂe@ fabedl ih @RSRSdet AsiRethe Zernike
determned_as illu Igéeéd in Figure 13. Toric contact |enses are
spher ocyAOFiigientsf 8‘h @&1 ercgnibe PRwerdbmearedat (- et onsers b 4t rigdigferenee

Fi gure IRcothddeolobl aloprss asigf 2 {hiH 1885 &R s aﬁﬁren;lzg?n pdwd ek doﬁvened to

depi cted. The darker ar eas indicate increased thickness conpared to
| i ght er aangeataindy insiadex. | ldngliffarence vt CbDﬁttahrgéers rab:mgov@ therpiescrpLisnof tren

[ 0054] d

Loverto P EREL SR B bR SED T, ferte il Py

sol ut i ojreiyguoentd an sncartaintyss ab@nl[)l()@mahe wotew thdt thdywen mezdntcmn BB
rf.eroneter in Figure 1. Uilizing the

h t. t
iue\é\?tIerégggmﬁiﬁ’tﬁgdﬂ“é‘ﬁ%nﬁy}%né%‘llﬁ aBﬂ 8ur| ng testing. Materials used

in manufacturing contact |enses include hydrogels, which are

hygroscopi c. [dg3e] | @rﬂﬁﬂl&o&&@td%hﬁ%:ﬁgtﬂc% hiRBInFid YRE 1SS of Plen¥GhfbusoRlek -
to keeps them hydrated and st ein erms of refractive i'ndex. The

cuvet t e chPagpigsics ankieatues phalenhamdesaioblagFengramplediipsiciagaam af Bgure 9
antiref Ligekd ORCAIBE) 460ata%s 2 TS uh@D Fest MR, dfShided ‘a%fgéedrtggkgﬂmﬁﬁ ofeen

the two w ndows. evmr?gows are Alﬁcoated on thelrr ex
sur f acestilifihg ﬂlenntevfelmtch lbeltow@emahlhta tmadddcfgbtassomndl psa(ﬂoumirma that cause

elimnates the.n or_.an n n intern r.fac

Co0ns] - CETaSlf i B tiehhae P OF pFBEH! {1l b fsp Aot of N RS R
cuvette tﬂaiﬁrﬁtté(awe&ﬂmnt &btﬁnﬁt&tﬂbn aoidingthe &Xitd:rﬁ’lom&blﬁm as pﬁditﬁlce the spherical

i nterferonet 12 faor exa via a kinema unt and by neans of
an aut AN PO B NRELFDO "&1% FREPIE (FRPS il I e P Hielfe
to the Bl evermite: fégio\&wﬁv@vﬁm@&qomaﬁpﬁts%tanérﬁalewtm adwn in
instrumentation circuits. An outer enclosure houses all

const i t GereslGiFigya 108 shevs areaipn 86 énwhish dménngcsacﬁﬁligbthy ﬂ@rtetned elhenegion
circul a‘iSQ nfal g‘?m{ ﬁeséha?‘ag cHEécﬁ:ﬁ a cfe?ecp{e%%/,ed&ect o gﬁre §?Ib #H[{brf)du%ghdifferent
ut on. ens

| eaki ng, to nmonitor t t enpe ure of the“tes
hol der opmaacfrﬁ@:tmas powenshangel spheried shengticre lok the hkcnﬂ.“l@sm‘mdd twavdfadnd a

caver t oaenraior B B Gl BNee RGP R LT Rhahe oAy tess

or i ent abthenaiefatioheint tas perlpharyes theAersi ﬁsssihowmmdmgmns 8g ofFigaeried ideallpl | ow
t he |nterfer§rreter test armbeamto enter 8% wi th no change in
i}

col | i maPPiHe Gie apficdl sArs: direesheridbe fymmetg oy gﬁaawrpgb%ﬁﬁlglaﬂaau&ho

al | ow t b fidasial Akis Deamthd Qvifer hugalﬁgmﬁw% e f3fde683 H@ﬁ%motﬂahaudha&be
lens with no additional change to the exiting test aimbeam

cent er s 2@ fndiggtes aparea pf pesaibloiuaecnd/oamésaligimendéd wi th each ot her W|th
the novabl e | ens hol der nounted between. The hol der is noved so as to

posi tion eac 03?_]' lAvs%gﬁh gilln?ontn {T&Tcag%g\ﬁeo%ucedmy anh zmg\ﬁdlqua%\s/vnn %g the

second w ndo
wavcfronts collected via the interferometer 12. This information can be used to discriminate

between materials with different levels of additives, designs with different amounts of
aberrations, and lenses made with the same design but different materials. For example, Figure
12 shows plots 90, 92, 94, and 96 of spherical aberration (SPHA) in diopters per square
millimeter (D/mm?) versus frequency for four different lenses. Each lens tested had a power of -

1.00 diopters (D). Further, statistical analysis of information obtained via wavefront analysis can
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[ 0056] The cuvette kinematic nount is achieved by use of a dovetai
slide, which provides the primary alignnment of the cuvette to the

mec hfam G coft t@d a%(iflﬁsltlﬁéh bgqaﬁsq&tbq’ ck ﬁng'hé@f?ﬁﬂé e d@[agﬁérﬂ %éwanon of the
vertical height registration use of locator pins and a resilient

(e.g., syphenmgl dthmd&d) foaemh ledsi 909 Povind &6 age depititeall f or ce agai nst the

| ocator pins, to accurately and consistently | ocate the cuvette in a

pl ane paral | e dovet ai | de. The chanlcal Ilnk

desi gned to ﬁb@éﬂ?dé&l %’*&t(ﬁlﬂﬂréﬁns fqlgrsEe %‘é %ﬂ'}ﬂil"%

i sol at i opaReEbNEARIVERE FoLMAEDR, ABthithRsd ITt@id 1@1&&5@5@& dMeHﬂﬁiéH a@iiiistrated in
preconditioning to the cuvette's |ink a% [ 0057] Each cell in
the | ensFlﬁ‘éiFdéf The ceptagt Kaewy 4hwhergedis ﬁdﬁn&@ﬁé%weti F%C%J@Fq Fstgrnitism g the
coher enc qf3 @8 ¢ 1&8‘!6%%9& tﬁ%la Ilé ?ﬁd ﬁﬂl ' Phe darker

t ranspar nt to e mave ength or wave ngths 0 e |nter erometer's
coher entar¢ds g:hthca;eampmes ed Thiclsnesd qodparciide hightetheeasdorf cackeleon haking h rarge from

t est quf quﬂi d The wi ndow in each cell in the lens holder is
coplanar oPfler cell windows in the |ens hol der. Each cell in
the | ens holder has a tapered wall designed to allow for accurate and
di st orti on-f rees4yo U debgitell abdie, bast uh® st inttileed In a Jnede iaedtich they

desi gned so that the interferoneter's im i ng canera can_i nmage the
entire. |BHSbMERE in asplufion i SRHSORIPHG TIEHS 1445 3 GaSregiuaChskABIRe: o

al | ow solytiom stthB llﬂ’me iBeloRBk} @Jie ‘ﬂ‘,t&fiﬁl"l@ dré1t tﬂ'ﬁhﬁﬁ%’@ﬁetcﬁvﬁfeQS lenses

transparent to the wavel ength or mavelengths of the inferfetoneter's
coher entreiaighin selotiercduringiesting sMatohly vpeshin sransfacaring gontt sty ndhede

cuvett eeﬂryﬁ %st Igllgf’le IyRIO3Eah, EMpely sEJ‘ﬁe?ﬁX&‘d&’?ﬁé%ﬁv&ﬁ i?‘é ﬁ@?&éﬁs

the int S cohere Ilgh sour I OhS

i ncl ude lsaps them $i9dratedand stabiaﬁrf ermsjofsrafl aatiee falexit T['hrn(;uvelm& 2euinzedesvat er,
solutions with active phar icals r a c i nat|j t her eqf .
o058] TREraITEr EHeE RO e B i Se v tienec Rl AR setd, e et s

connect i RBich&! betw&RAUKE @vcﬁfvmﬂ@m) eTtRIwin@owOHE AW ¢RekdlonSlhieiSaxkdthdl @ifacthe
outer enclaosure is configured to nonitor the tenperature of the test

sol ut i onthgdndry matehbaiween the windewisaass ppd splutionchiprinates h negd fofanghR cqatias
t enper atdyf ke Rk 49551 ses a resistance tenperature detector (RTD)
that provides information to an external tenperature controller to
hel p stabilize the tenperature of the solution in the cuvette. In an
exanpl e confH@MﬁétKkm@mﬂh@nda$éﬁméndﬂmswﬁamMﬂb@mwﬂhweﬁh@mhsﬂenﬂﬂﬁw%
C e el L PR G SR ROAR R E2 0 Bl e mount e
[ 0059] TH}anmy ef irﬁaﬂt@mﬂfﬁﬁoh@ﬂ@d sﬁs&nﬂ&ﬁlﬂhﬁu@es\t&l’ merthyim@fxl lhﬂ(ﬁ)ﬁo ofe

| enses, such as hard contact hard refractive contact |enses,

hard di fipfeHEEMFPET dgKt sisten) aecﬁ%?ﬂél CORPESY poft SRETAtoR LHPY AR

contact dneRsES howef il ARRLAGKuchBDS . cus@el Thekhabduky/R c6mmiuddt tole@iges,
soft diffractive contact |enses, soft hybrid refractlve/dlffractlve

cont act disngieghe Watrsal%@mta@fevwﬁh%sté@hwﬁm pmdeakingaand fpgnonitor the

phar maceg H{nk re GQfQ]tlé e&%gﬁﬁgﬁ JX%}E %%m%PéHﬁHﬁ?é (f}ng &b 1% Vt@stmg cells, conf1gu1ed
phar maceu S|ng e vision lenses, toric l'ehses, bifocaf contact

| enses, tmhbldl en‘lemaaiubhwrgsém a g it armiazvlhgfh tanrbeeubied m&s@m thé peeftes guter

: ﬁ? fgz CLﬁ%gltols%%]gvﬁ Cg}a?r{;@mlngﬁg épgac%n I tpagggoﬁc Lt"iirn rf%ltle tes tltlan\égs lf ?Es?%ﬁnd%nw 18
ref ract icsgfiglitd foadlomBe Intdtfeesmetéraesd BRD tain fbgank@ lass:e1$ withpeehapk én collimation
| enses, refractive spectacle |enses, diffractive s ectacliﬁlenses

and hybrardn lerencs lepsthdify yerandhwipdows issoptigyred foatlopdhe feghargybeng e exit the
[ 0060] %fv&wdffagpésanglﬂquﬁ@ tﬂlélenE Dan %\A@&a@ng Shdnge & M@éﬁﬁhg feQrarR et ng
contact lenses immersSed in solution in such a way that the | enses can
be tested using the interferoneter 12. The cuvette 28 is designed to
accommodate nultiple lenses. In an pﬁﬁpplary enbodi nent, the cuvette



[ 0061] The cuvette 28 conprises outer walls 106 and 108. The portion
110, or carousel, in the mddle of the cuvette 28, conprises nultiple
l ens celds 112. | n exenpl ary enbodi ment.. the carousel 110 ]
conpr i setheifﬁmie‘éqno %ECZ‘F’PSOP%T@ v "E%l?@ﬁ abeeﬁllgmi({l]‘zméﬁzﬁgroﬁ?ésw‘ tkﬁ“loéﬁ)té? kegs holde
wal |'s  1ldondd ebweean Tho REIdENs idved $2RS9 postthitariaeh &1l 3& dtQrtinkd, betdeéd AW,
and a wi ndow 118 at the bgtt,om of the cell on which the |ens rests.
The out SiSLNAQY 3BEDE AeFOrOFIRAOW- conpri se any appropriate material. In
an exenpl ary enbodi nent, the outer walls 106 and 108 conpri se
pol ycar bonat g5 '%@EQ&R@ LOV] 1 hes | I Stiles
to the cuvet if e 22:_ lig tweﬁ(?lgﬁlt, iggg[gdge@éefﬁgdn# %M\%el%gai%ﬁg%@?hg%’ol‘%%l\?v
wat er alpsovigasitempringry @higieeny of thh euetre ¢t the n28hagicabarsi edevaidal camedibre and

[0062] Figure %5 is.an il]lustratio f an anded cross-sectional .

view of St o yerocah TR SRraBbn B THRERS Pira SHAE B R srr svrines

enters tlbaledlaret Which §rdavides dghdidliferck agnin thdoafo? Qins Ntotabairattly @ad temis@htly

arrow 1%2, atgd travel s down éﬁiough the,l?ns which is resting in its
|'peaie

| ens ce € cuyigHe ineplansgadlel ipdhe dovstaileali  isgrecharica dnkegsinilssieasd o

122. providd 1€ 1d, Bodiven@ IRhRE Y arRIVASSH STB M 1atidnl M2 Feeeh $hd dubttteBand the

di stance, | abeled 124 in Figure 15, between the top of the lens cell
val | 114ntgigompisr wihoutiapy Bigcargiirioning; tg therpavettcidinkagel i s nai nt ai ned

t hroughout the cuvette 28, and is designed to keep the lenses in
their respecty C S j tion. in an _ex Lary ..
enbodi nent, H?\érﬂa g%‘g] glé%th%g{dé %glsdreﬁ% % ‘ﬁn%%‘@hj%fj%or% ne n%?itggccﬂlfé%%oéls
116 al | enctleeence leagthaf amincishtutol lomattdbeams dd/wihiklow ttanspeain toee vacsdngth

112, thereby . keepi al he cells 112 at ther .equjlibriu It is
erphasi SEaATSETGS T RGO TRS RIS gk OUEF o s v HoetApans B septacs Sn
exenpl arshichahéltebdlads iafbu@Rr TRY Wikiibw bl BB celPn OB BSId&AN cdPanar with all
i npl emented. The outer w ndows 120 and 122 are stepped tocgrovi de a

channel °#86cq oy indawoin the Iggs beldga e celldn Shedenshgldsy basiadapesecswall desicoehie
each wi glowsdr%Beurdid dnd ditloRticaOel HMnBh): 8P a3l ih WBcliN T ng\ﬁes‘ig%ed
be tipped and/or tilted into alignment, rather than relying on a
fixed mbetheal thy interfrepmeter hianagingolageryl cag smegertbiosntit@Bng. sEachsoll &t thp v,

see are ' ' | gl.ratign ngst all cells
175, | nRohithes R BN AR RSP R b B 8 e B p i e
t he bot tremsparent thehecanelength ok MAvelenddesys tnibklfenietertshehaeoniighosuaeaThe
fromthe central .pqgrtion of the window 128. The tapered sides 114 of
each cquSt ?Tlﬁloaﬁggﬁﬁt@r%t Jﬂuﬁ%&’&ﬁ“’(%@ 1% %§%§%ﬁﬁﬂwﬂzﬁe‘ﬁé‘? G BFITERar | ens
in any vayeledghsagdidih@ferotterwabher&rit¢ight sbirte AaELarhfle Wil RAHIONYinkRAS §dine
as lenses can be_ slid up the side of the cells 112 and then renoved
from t h&lRiRNSt udferng sghineesobiion; ralopiged W, salugons WiHACHYE BiREMaAsHERaEs, pige
of | ensgsmEigiidAgnaesonpl i shed through a door 151, or the like, of the
cuvette 28. In an exenplary configuration, the door is attached to an
interlock (see interlock 188 in Figure 19) that prevents automatic
carousel rot B088In Tieantdrieacidowe of the apetic inslwdeyialet and dutlet cangeatiegafor ed

to work with_ the | enses,, f.or. . .exanple swab can be .used to work wth
the T eneiiute briiper iR E R S BTRCR, e 006 FRlhsE 4 et pmanfor
| enses wnipbdratize of the esst @hoivatueing h2embdituRPrete In Hie€iinpA@MFiuratish, &
exenpl ary enbodi nent the interferonmeter 12 controls the cuvette 28
via aut AP RIPR% FPRYPTISES R SiTEANEe lepeseigdcteniordB T Ewhpioy e afarmation
any appigmrexil Bafafature controller to help stabilize the temperature of the solution in the
cuvette. In an example configuration, the outer enclosure of the cuvette is constructed from an

opaque polycarbonate material that is mechanically stable in the presence of the test solutions.
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For exanple, the cuvette 28 can have its own notor and processor, and
simply receive signals fromthe interferoneter 12. In another exanple

"ass contr ol T00d o s ohC By &R ed Phabfcs ik EWpE ATPRER, odch g 308

i nt er f erconttdenst, hardaeiraese aontea hsisdsohard diffrhdtiva codtadt lama¢se Bardihybrid he

cuvette 28. This.can be acconplished, for exappl by use of a gear,
bel t,  cHatetvFARIaIA SRRAF Lot Sqtheiacklgnses, o8 TRBFHT S i Fpmar BEf
[0065] Fiigtt@velkBnBiePksdes, 80 hoMaIehiaé e DAL iR onRENaReS Muldidhtact lenses
conprises a single notor 132, a gear box 134, pulleys 136, 138, 140
and a greoBWwesing 8D activg pharmpsetisrlosfetontaetlensss ERRBHRHIE anstivg Rhgrmacentical,
pul l ey 1g % ! sdshbfoch NEnEiVihdes, rflitifolN8ei¥RY @bsnictiall0fREd
box 134% #?Ggog3@%%y&§g8¥k%hgﬁFég§Poner pul e9§)13% are %ixe%
conponen¢sesyiftebiormidnses, mh Ewrherudaridnees, ARint@omnidrirefepctivcignsss.patinkaoqulahe
cuvette |l ey ,138 and ared .helt 142 . when uyv. - hed
Thto t e B e et B R TR G YR haBlineTeRes

si gni fi Gpedtackigngereftictat epsedicle hensgyy difeyctive ephicaicledertsbe apdBytirddi [ ity of
slippage. The | arge amount of en%agenent eases staffing and stopping
cuvet t e PR /gHIrackyE sRycfasiedenses, for PPy st em are | ow, and the
flexibility of the belt mtigates any coupling between the nmotor and
cuvette. Al sgggdofe ﬁek&ﬁh%ﬂolfﬁﬁlﬁe of & vb@l 3 Q%%%@Pfo@ﬂyldﬁ%%&tﬁ&henses

i ntroduced by the notor 132." This design keeps carousel I10
suspendeumensd pasdlutish it nechgawaytbet thel teoses cereke tasterhgsinghige buerfaspmeser 1aelhe
cuvette 28, i L1 mn riochion. ietlo i AN AN )
and t hor 8B 1 SRRk R AL EnSl: S APRoR (ioddi bl 0

r ot at i orcupéieriy day hbkl0l lynsks Eaehlkns das #orwn wagiongcell) irethb elrtettd 22, addhe

pulley 138 wi || te regardl es The tensioner. |l eys. 136.can be
adj ust ecfeﬁ§a1ﬁé‘é’(§’gg W‘BWB%&WFH%E% Lol Mpioai (SB’F’ 88§{1%’geﬁ£?fsff¥§% .WIqJH]e&.e cuvette
r obust negsaff prafeld®ly aré WSt eforinsd bpuercatdte drahy hi@nabintoanfinyg witlihet. It is also
cuvettes 28. El'o | oad a cuvette 28 into the interferonmeter 12, the

cuvet t e Prefesablydhathsentipelsagindenigstbeishle. AHavBlagt shegyyefenriemhly are of
(see Fi t Ringlalidififihl HRM 8 @R tYREhiceal
stabilit [lah%ﬁéatlﬁgalgg&e%%%gﬁf%%ﬁg}gﬁem Eﬂhf he i nt erBf erotmat etr 12 tand
posi t i onedvefrents oFle lo¢ation enhpressintasion ofre lans predesrbip ép repeatable legpig7pns and
Figure 17 is . at i f j ' it 1: 001
rechani S Bt Mot teralon i3ty Ald 1 i Rt o8 ARGY 1001 ana
det er m nadighfoitwaed. | bmatsoirefpiahly anhiat firea teempeg dutsifle K¥ir kceltsatrat bublles &mched

radi al l.ocation 148, respectively. Conbined wth Lopgse-fittin ..
ovet ai 1n ipeon e shepb! SRR Brdhmeaiumta gt B B0 shahPlyg visioe
positionypage@f the cuvette. The designed coupling allows for nanual

rotation. The sprocket 150 (see Figure 14) provides nanual rotation

and is clutched for saf etyﬁgur poses; a pinch point is avoi ded between
t he sprocket [88d]i rthe cpveatte A8 cemprifss Auiehwallsylbtand 198 Theappstien Hiloo% he

system _JF C; ' gt\%iz g}é@gsr ' > RainfextRn]
provi de %HBEIFS)% 1El.lglh‘?ﬁ]t %&géﬂt%ersélg |8CCIE| eﬁg tuﬁlepléﬁségﬁhg Igfé %?&]gseg edp w
agai nst dnitedient,dlatapousdlfid Oznaiptisve 30 dahis aklld W2atioch deligl ¢ icamprises @ akapered
force. Th he two ains.184 and 186 e Ki-nemat i c | oad]
cuvette "fgfstlgd’ f‘ﬂfél\éﬁ ﬁ?rb‘:raflgq‘@ﬁ%?iefn.sﬁ Cﬁann&%?gg ) ]fﬂl}f[l]ﬁ e g Wﬁlﬁ&] ex ?Lsg&tir&ge
Er ?)vi deﬁ;ohﬁmtdfe}ll(d/%ﬁein vwiié}ﬂthé ]!elﬂﬁesﬂ;52"hé sater ﬁ?lgmm ahd ) 08 oma:toﬁqbrijscluaty

el ow t he spr.ocket 150, The ags 152 interface w.t os|tional .
sensor s APBPPHAE MAEHLt @Wéerphlﬁfé’rqﬂé%o l%at“értﬁﬁ%‘ftera‘%aué Hggﬂnd iéglﬁoé‘lﬂ‘lée 18.
As the %‘gﬁ: Hon#Ab. PO @Jl-so%ategﬁwaésamoiaéairigrchaﬁ&eumaetd&ﬁ@ bdveRBag:
sensors 154, which then send commands to sl ow and then stop the

cuvette 28. Only three cell position sensors 152 are |labeled in
Figure 18 for the sake of sinplicity. The cuvette 28 is slowed to
mnimze disturbing the | oaded | ense156. Lens positioning is



[0069] Figure 19 is a diagram of an encl osed cuvette 28. The encl osed
cuvette 28 provides tenperature stability by circul ati ng sol ution

bet ween th vette 28 and .an _exter chi exter iller t
oo | SRR e ShRGuiaf shA Rt aslant® i Rees G putelee 28
fluid talimemordaliy etaglb. and bet ween cells 112. The cuvette conprises
three elenents for fluid control: a tenperature probe 158, an intake
val ve 160, and a drain 162. |In addition, an overflow coupling 164 is
al so provi ded0062he Figwp bt an illspaiénneof pagxpanded eress-saeficapkeiew oha gortion of
readi ng (pf 1,08, b€ PSLAL

t he rreastur%rren% %\n ng C% gflﬁeﬁgg?fele\&;g?eht%ggeecgkgﬁ ral}{f\6 %%g% gcr)ﬂc}\%?{
pits forl28ah theidprction OcE larrowllaﬂ,emti lmawelgtiow htrangh étetlens2ghiciTiseesting akigs lens

portion a ut| r cuvette. 28 the drain portion
al | ows so‘1 ?‘?ﬁaﬁg&gné&% th? ﬁuve %5 %letﬁ%&’t%ﬁréwi“ﬁ?‘gagg\/al ve 160 and

drain 162 interface wwth the external chiller and punp through tubes

equi pped W t joo63p iﬂrpﬂf @d@h‘lpﬂﬁ?erfnbédlmaﬂstherc is little m&z@a 1a%1ed 124 in Figure 15,
interferoneter. 12 w des .a vi abl e method and system

for util%eBYesy thféafvléf’fr%ﬁienéﬁ%ﬂ %Ii éI‘{ mtb%topd@moaei 20, eﬂwalh%@t ehéf
agai nst 5y fhRABAhr &%ﬁgﬁt%&w\é@é’ﬁ AR d%ngpécﬁé k&%@h@ﬁsh&% 34 {B@ﬂ &&Be&ﬁe EOR

absolute | ens power. The increase In dynamc r due to

i mrer si dd2 dringwetdtions désoi in a@&l’iﬁmﬁla@oﬂnmmmnalﬂhmef@rr natdw&ﬂemrlan@ lafs
prescri s€ of i c

means OREfrl EQZSDV]%‘I%CI%% 1t1§ %ﬁ:ﬁg thevc\.ducg'lgéi'é {aﬂu 10, e% %asﬂ)i_ﬁl W tl}%'éﬁ%ho%ii%h g%}l ?thﬁmleby
i s appl ikegihgail the acliyi ldé avalemeeﬂquhbthshss empiabiveti ther tBhenbes af notches 116
| enses. o, 1 S _necessar ardi ng.the type_of part being
tosted, SAMPOT AR PR AL FATIE S, i R PR Birtehar Sugles b

[0071] Hingf@ntdd. The dutér vend sl LON0RH QD2 @8 sRPAEIb SrdviRCESantP N 264draniong
detectors of an interferongter conflpguratlon for obtaining a

wavef r ot 6F 8asketdp git andhprgpide 2 seab peoppd eaeh gandasnt 20, {3k Bawné@m(aemgalso
the i magjHgs ﬁl@%ﬁ(ﬁ)u%fio god ﬁéaecm%l Qfﬂ&ﬁnﬁ)aarﬁgﬁlﬁell?t%)aﬁl@f ﬁla@}élﬁﬂfgn R 'E'x&f to
testing a lens. Alignnent conprises converting the inmaging canera' s
38 coor diavatieg shemenThomiddl guk eredovc Eides alss st@gped oor diend 86 tgpsxvakn To
acconpl i

el ot eqomiirs RAEHion BlofelBceS 1 ot B SOEe T S BETT e e it
canera 328 pﬂihedesrfagletleasmom oB&ea:aﬁlmtdiel@ @ leap Butdbdeyeii the34ludbi k@ty fréh the

| east, in n|f|c n Al sp, e ca an differ i
respect £ ?}El”?ﬂ?l?l?ﬂ? Sindo &P 13?3 iybﬁiapeaeﬂa}dﬁ f r‘ﬁwﬁ&ﬂgeaﬁeﬁégﬁwﬂy
i mage p@indlaad do not defcﬁlﬁptzalenhmmmsarmh@mﬁéﬂ GHERANE sidbs QT £ &Rl in anlb@dihg
target (e.g., a target | ens hawedgéknovm reference points) is

utili zetPPpe: eRERehtidersH up dleatidegtidh g5l bt ndrihemiemeygs feerhndliegivette 28
Figure 2l Shed& fdcaxaip |I%a(ﬁlﬁé 912{ urlllzgzgﬁn ensddtan %@5&%%{) tl:l-lZJﬁgh a door

conprises ten concentric circ . e image polnt 180 ha
| ocat i ohSbhfor thediket didhexcuarites2&nid an ewplmef cym‘égwmonmc dogrgs dtmbccbtd aas
Egelz( a;l}tés: iog% és%&%‘ljteﬂo[%ﬁqgg i FI Eﬁ%%h&oﬁ PIEVE gsnagpomdmc cal?)ﬁ% té?ghon v‘L_l}eau]}e door
21. To oadpebr Hb epetche tcdaaatsereqlmrcs to woiknish e lénsdsefcs ecdme s swati dnnttizaised to
and y axe n]g Qe circles are utilized. Using the test target, in an
exanpl eWB il e lensess val ues are determ ned. At step 166, the

magni fication of the first detector (e.g., the science canera 34) is
determ ned. 064 e Hrddr ik %aﬁﬁerﬁé}ﬁs SEMBRDR 16RBEY Ah R 1ﬁt@1ff§1{)fn%grt19w1th
herein as nms. The magnification of the second detector (e.g.

i magi ngne asreruBENents injen evempirer cabodmepr theBterfFrenatardaicPhices tl‘@wuvﬁtte 28
the im r 17

| ocat | of e ofAlEtelife” kRl i dF ol & Bohifn ey bilad i e
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corresponding to the location of the y-axis |location zero on the
i magi ng camera 38 is determned. This [ocation on the y-axis of the

sci ence m@&%@“% Suvefe 88 EEhalLitVENE bt @Snd ﬁrEoch@ﬁ QtﬂgtJ1ﬁFBfflecelve signals

rotational difference between the science ca and the 1 magin
caner a 3®om$hedetcefcwm¢eed 13t Insangphen xpmpihésbagiiméns. mére conteal isreatained in the
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cent er ohteifa@nictargetpn dmg a mf&aﬁswroe cbtatrbnttlm rmamgmﬂghe anerta288This can be
converted to the cﬁ;orres ondi n l.ocation in.the_science ca]g;tera 34.
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convert doadvidmBaiHegoganera’ s 38 coordinate systemto the science
canera's 34 coordinate system [0073] In an exanpl e enbodi nent,
the coordinates in the coordi nate system of the science canmera 34 are
converted fr dﬂ%ﬂiie Fagye 6 frpictsan exeriplary eoipling eehagisst thah compripes a single
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fol |l ow ng
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the y-axis Iocatlon of the carrespondi ng point in the inmaging camera,
ns r epr edebaddntorthe Wﬁ(}jﬁ‘?}eﬁ’?%ﬂ% A histtyRaf C%I?lé%ﬂd’éo"é%sré%&f@&m ehgagement arotind
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thelocatlgn ont e X-axis of "the science canmera 34 ?exams
| ocat i orandéfopping cuvetteiretalggnm gl heatresses iB8his yxstqneimeécsremié thetﬂfmﬂ@lefatqf &ve bel
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di fferenme bbﬂﬂamhémnddheedstgn thrmetor AR r Fhis esdgnckeb precaramdgi 1N sogpomded; Belpart of
the carousel 110 rides along the bottom of the cuvette 28. This eliminates friction and stiction

(static friction), and thereby improves positional accuracy.

[0066] No set rotation point typically is required for loading; the belt 142 and pulley
138 will mate regardless. The tensioner pulleys 136 can be adjusted as needed to keep the
loading forces consistent, The robustness of a belt system is favorable for use with multiple
cuvettes 28. To load a cuvette 28 into the interferometer 12, the cuvette 28 is simply pushed-
in/pulled-out the along a dovetail 144 (see Figure 14) of the cuvette 28. The dovetail 144
provides vertical stability when the cuvette 28 is mated with the interferometer 12 and positional

sensors that control automatic indexing.

[0067] Figure 17 is a top view of an illustration of a cuvette positioning mechanism. In
an exemplary embodiment, the location of a cell 112 is determined by two locator pins which are
part of XY locator 146 and radial location 148, respectively. Combined with a loose-fitting
dovetail 144, the two locator pins provide repeatable, kinematical positioning of the cuvette. The

designed coupling allows for manual rotation. The sprocket 150 (see Figure 14) provides
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[0074] In an exanpl e enbodi ment, the inteiferogranms obtained fromthe
sci ence canera and the i magi ng canera are conbl ned into a single
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herein should not be limted to any single enbodi nent, but rather
shoul d be construed in breadth and scope in accordance with the
appendedwﬁlllcﬁl't%uﬁ Wlﬁﬁld Flcsctgr%tﬂgf‘ eanqlof 1€m8\H %‘h%%u fm’egblf tﬁgléng 'ﬁ‘ﬁlkd a
pluralit opht%al m c | enses GQuyette Conpri a carousel
conpri si mghad qniclnyabmwappﬂmd:éeb tosy wmﬂa anigty of lenseh, lmétdmg sphcnwﬂ lepaese dNat o
hol d an opht hal m ¢ e Iut he ¢ el is
Fot at abi Bogtp e st SHG/EPERE Ry o Rt B, ARIpL AT SREPIER

| i ght t opregatipfionfofald test lens.

[0071] Figure 20 is a flow diagram of an example process for aligning detectors of an
interferometer configuration for obtaining a wavefront of a lens, In an exemplary embodiment,
the cameras (e.g., the imaging camera 38 and the science camera 34) are aligned prior to testing a
lens. Alignment comprises converting the imaging camera’s 38 coordinate system to the science
camera’s 34 coordinate system. To accomplish alignment, an image point in the imaging
camera’s 38 is selected and a corresponding image point is determined in the science camera 34.
The image camera 38 and the science camera 34 differ, at least, in magnification capability.
Also, the cameras can differ in respective shift in x-axis, y-axis, and/or rotation of corresponding

image points.

[0072) In an example alignment process, a test target (e.g., a target lens having known
reference points) is utilized to determine the relationship between the two cameras. Figure 21
shows an example target lens 178. The target lens 178 comprises ten concentric circles.
Example image point 180 has a location of 0 on the x-axis and 1 on the y-axis. This is denoted
as (0,1) in Figure 21. Example image point 182 has a location of -2 on the x-axis and 0 on the y-
axis. This is denoted as (-2,0) in Figure 21. To calibrate the detectors, points of intersections
with the x and y axes and the circles are utilized. Using the test target, in an example process,
five values are determined. At step 166, the magnification of the first detector (e.g., the science
camera 34) is determined. The magnification of the science camera is referred to herein as mg.
The magnification of the second detector {e.g., the imaging camera 38) is determined at step 168.
The magnification of the imaging camera is referred to herein as mr. At step 170, the location on
the x-axis of the science camera 34 corresponding to the location of the x-axis location zero on
the imaging camera 38 is determined. This location on the x-axis of the science camera 34 is
referred to herein as xo. At step 172, the location on the y-axis of the science camera 34
corresponding to the location of the y-axis location zero on the imaging camera 38 is determined.
This location on the y-axis of the science camera 34 is referred to herein as yo. The angle of
rotational difference between the science camera 34 and the imaging camera 38 is determined at

step 174. This angle of rotational difference is referred to herein as 8s. At step 176, using the
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a second wi ndow formng a surface of a cell opposite the first
wi ndow, the second wi ndow configured to allowthe light to exit a

cell, wherein ell is position to allowlight t ropagat e

Chr ough EHEMPER i ofaSufants Yo BR0b e 1rMab & e s et eareB B Beasured
car ouselijp tl@thaging cafiéra 886 @Bl Ble cofefpoiiihi Magtbndh Giendichddecamera 34.

carousel and is configured both to prevent solution froml eaking out
of the JYo®isererd ﬂ%eovaﬁieﬁ elina s Yon¥o- 33 Qe piilized fRycannert Pedmaging Gampra’s

cell's. R colfinadsikingokt s%ﬁﬁc%diﬁitéga@s W i @ihat gﬁi"saem.f urther conprising

a coupling nmechani"'sm confi gur ed: "cinematical ly couple the cuvette

to an interferoneter; and allow rotation of the carousel via the
i nt er f er omet 490731 3 In Fihexaoyleenitedimeng dhorabadicaesin the @baiimtsystaimenfdhen

h |.J hap ' I | | I le t
o' ve. barencs FRERCR AL ERPR R53 o sonfibles T e B e Defote™

coupl i nganeaifan siteppodinggsin iddcadidanteivael taé Flowhet forfilad he CGuyette
and the interferoneter. 5. The cuvette in accordance with claim 2,

t he coupling nechani smfurther conprising:
Xs =(X1 *cos 95+ yx*sm es ) mlfms + Xop (4)

ys = (-x1 *sin Og + y1 *cos Bs ) myms + yo, 5)

where: x; represents an x-axis location in the science camera corresponding to the x-axis
location of the corresponding point in the imaging camera, ys represents the y-axis location in the
science camera corresponding to the y-axis location of the corresponding point in the imaging
camera, mg represents the magnification of the science camera 34, my represents the
magpnification of the imaging camera 38, xo represents the location on the x-axis of the science
camera 34 of the x-axis location zero in the imaging camera 38, y, represents the location on the
y-axis of the science camera 34 of the y-axis location zero in the imaging camera 38, and 05
represents the angle of rotational difference between the science camera 38 and the imaging

camera 34.

[0074] In an example embodiment, the interferograms obtained from the science
camera and the imaging camera are combined into a single wavefront for a portion of the lens
under test. The interference patterns at both the science camera and the imaging camera are
captured. The modulation is computed for the imaging camera. Computing the modulation
results in a value for each pixel of the interference pattern captured by the imaging camera. The
modulation is used to identify pixels associated with the edge of the lens. An ellipse is fit to the
identified pixels and the center of the ellipse is determined. Using any appropriated (e.g.,
predetermined) mapping equation, the determined center, which represents the center of the lens
as captured by the imaging camera, is mapped to the center of the science camera. The

appropriate region of the interference pattern captured by the science camera is masked to leave
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a slide nechanismconfigured to provide: coupling of the Guyette and
the interferoneter; and -24- initial alignnment of cuvefte and the

interfer g?e%gﬁf nof 11§eregm)? t}féq&?st t’ﬁle 'tﬁnﬂtﬁﬁ@c{ 9%‘?}% WJf{tﬁ'xs ‘fég[%mt?fé}ntc}e@tqs

cuvette conprising: a locator pin con |gured ocate the
cuvett e ¢ompmtedifanfertharraablyss. t o t he slide nechani sm and;

[0075] The various techniques described herein can be implemented in connection with
hardware or software or, where appropriate, with a combination of both. Thus, the methods for
the use of interferometry for transmitted wavefront testing of lenses, or certain aspects or
portions thereof, can take the form of program code (i.e., instructions) embodied in tangible
media, such as floppy diskettes, CD-ROMs, hard drives, or any other machine-readable storage
medium, wherein, when the program code is loaded into and executed by a machine, such as a
computer, the machine becomes an apparatus for the use of interferometry for transmitted

wavefront testing of lenses.

[0076] The program(s) can be implemented in assembly or machine langunage, if
desired. In any case, the language can be a compiled or interpreted language, and combined with
hardware implementations. The methods for the use of interferometry for transmitted wavefront
testing of lenses also can be practiced via communications embodied in the form of program
code that is transmitted over some transmission medium, such as over electrical wiring or
cabling, through fiber optics, or via any other form of transmission, wherein, when the program
code is received and loaded into and executed by a machine, such as an EPROM, a gate array, a
programmable logic device (PLD), a client computer, or the like, the machine becomes an
apparatus for the use of interferometry for transmitted wavefront testing of lenses. When
implemented on a general-purpose processor, the program code combines with the processor to
provide a unique apparatus that operates to invoke the functionality the use of interferometry for
transmitted wavefront testing of lenses. Additionally, any storage techniques used in connection
with the use of interferometry for transmitted wavefront testing of lenses can invariably be a

combination of hardware and software.

[0077] While the use of interferometry for transmitted wavefront testing of lenses has
been described in connection with the example embodiments of the various figures, it is to be
understood that other similar embodiments can be used or modifications and additions can be
made to the described embodiments for performing the same functions for the use of
interferometry for transmitted wavefront testing of lenses without deviating therefrom.

Therefore, the use of interferometry for transmitted wavefront testing of lenses as described
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aresilient armcoupled to the locator pin, the resilient arm
configured to provide a radial f orce agai nst the | ocator pin. 7. The
cuvette rther c¢o an in

por t1 on "acif FEEIEAREE b0 Al e ool e ST Hs” B Reon AT breact
drain p(]émﬂlsowpcamBcfdoghh&dwiﬂ@thﬁlabpbﬁd&b&lhi’tﬂson to exit the cuvette. 8.
The cuvefte in accordance with claim1l1, wherein the CGuyette is
configured to provide tenperature stabilization of a solution
therein. 9. The cuvette in accordance with claim1l, the cuvette
further conprising a tenperature probe configured to nonitor a
tenperature of a solution therein. 10. The cuvette in accordance
with claiml1l, wherein each cell conprises a tapered wall. 11. The
cuvette in accordance with claim 10, wherein the tapered wall is
configured to facilitate placenent of an ophthalmc lens in the cel
w t hout deformation of the Ilens placed in the cell.
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12. The

GQuyette in accordance with claim 1, wherein each cell

conprises at |east one channel configured to allow solution to flow
theret hrough. 13. The cuvette in accordance with claim1l, wherein
t he encl osure conprises pol ycarbonat e. 14. The cuvefte in
accordance with claim11, wherein the enclosure is opaque. 15. The

cuvette

I n accordance with claim1, wherein the solution conprises at

| east one of a saline solution, a buffered saline solution,
de-i oni z&vhavdd dnimeahd a sol uti on conprising an active pharmaceuti cal .

16. The

' L h.cl ai ' h 0 0.
| ons  posit i REP o et ety o o byl RSl e PREC B

window is visible i

wi ndow.

entirnety vi.a }She first window and the second

17. %ﬁ@oﬁﬁggﬁsis}% B 2A IS PR ai m 1, wherein an

ophthalmc |ens i Searc]: E;el?l%fcgﬁfgeucrje% gldpa%s&ph%hgﬂ‘r%g léng s&n%eerlgtlad in a solution;

and the carousel is rotatable within the cuvette;
a first window configured to allow light to enter a cell;

a second window forming a surface of a cell opposite the first window, the second
window configured to allow the light to exit a cell, wherein a cell is positionable to allow
light to propagate through the first window and a second window via rotation of the carousel;

and

an enclosure that is positioned around the carousel and is configured both to prevent
solution from leaking out of the cuvette and to circulate the solution among the plurality of

cells,

2. The cuvette in accordance with claim I, further comprising a coupling mechanism

configured:
to Iinematically couple the cuvette to an intexrferometer; and

allow rotation of the carousel via the interferometer,

3. 'The cuvette in accordance with claim 2, wherein the coupling mechanism comprises at

least one pulley coupleable to a drive belt.

4. The cuvette in accordance with claim 3, wherein the coupling mechanism provides

vibration isolation between the cuvette and the interferometer.

5. The cuveite in accordance with claim 2, the coupling mechanism further comprising:
a slide mechanism configured to provide:

coupling of the cuvette and the interferometer; and
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18. The cuvette in accordance with claim 1, wherein bubbles forned in
the solution are not visible via the first wi ndow and the second

wi ndow. 19. The cuvette in accordance with claim1, wherein second
wi ndows of the plurality of cells are coplanar. 20. The cuvette in
accordance with claim11l, wherein the first wi ndow and second w ndow

are configured to preserve a collimtign and a coherence of I|ight
propagating ther et1ﬁl¢1g{p§qument of cuvette and the interterometer,

6. The cuvette in accordance with claim 4, the cuvette further comprising:

a locator pin configured to locate the cuvette in a plane paralle] to the slide

mechanism; and;

a resilient arm coupled to the locator pin, the resilient arm configured to provide a

radial force against the locator pin.

7. The cuvette in accordance with claim 1 further comprising:
an intake portion configured to allow solution to enter the cuvette; and

a drain portion configured to allow solution to exit the cuvette.

8. The cuvette in accordance with claim 1, wherein the cuvette is configured to provide

temperature stabilization of a solution therein.

9. The cuvette in accordance with claim 1, the cuvette further comprising a temperature

probe configured to monitor a temperature of a solution therein.
10. The cuvette in accordance with claim 1, wherein each cell comprises a tapered wall.

11. The cuvette in accordance with claim 10, wherein the tapered wall is configured to
facilitate placement of an ophthalmic lens in the cell without deformation of the lens placed

in the cell.

12. The cuvette in accordance with claim 1, wherein each cell comprises at least one

channel configured to allow solution to flow therethrough.

13. The cuvette in accordance with claim 1, wherein the enclosure comprises polycarbonate.
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14. The cuvette in accordance with claim 1, wherein the enclosure is opaque.

15. The cuvette in accordance with claim 1, wherein the solution comyprises at least one of 2
saline solution, a buffered saline solution, de-ionized water, and a solution comprising an

active pharmaceutical.

16. The cuvette in accordance with claim 1, wherein an ophthalmic lens positioned in a cell
between the first window and the second window is visible in its entirety via the first window

and the second window.

17. The cuvette in accordance with claim 1, wherein an ophthalmic lens is not deformed

when positioned in a cell.

18. The cuvette in accordance with claim 1, wherein bubbles formed in the solution are not

visible via the first window and the second window.

19. The cuvette in accordance with claim 1, wherein second windows of the plurality of

cells are coplanar.

20. The cuvette in accordance with claim 1, wherein the first window and second window

are configured to preserve a collimation and a coherence of light propagating therethrough.
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