| NTERFEROVETRY TESTI NG OF LENSES, AND SYSTEMS AND
DEVI CES FOR SAME CROSS REFERENCE TO RELATED
WO\RPBBOEAT4 ONS [ 0001] The present application cPEI/B82007/088583
benefit to U S. Provisional Patent Application No.
60/ 871, 319, entitled "I NTERFEROVETRY TESTI NG OF
LENSES, AND SYSTEMS AND DEVI CES FOR SAME, " fil ed
Decenber 21, 2006, which is hereby incorporated by
reference in its entirety. TECHNI CAL FI ELD [ 0002] The
technical field relates generally to optics and nore
specifically a systens and nethods for testing optica
| enses, vessels for holding the | enses, and nethods
for analyzing optical characteristics of the |enses.
BACKGROUND [ 0003] The contact Iens industry has
under gone rapi d advancenents toward hi gher | evels of
vi sual correction. Manufacturers are progressing
toward providing contact | enses that are designed to
match a patient's refractive correction and fit. By
nmovi ng beyond st andardspherical |enses, manufacturers
will be able to provide contact |ens wearers with
better visual acuity and overall confort. [0004]
Met rol ogy (neasurenent) techniques and instrunentation
for evaluating | enses, however, have not kept up wth
IN?E%FEBQMEEMWMNG Olf EEN§ESEAN%S‘8§TE1\/ISJAMDEVICES FOR
nmet rol ogy, such as net hodsSAMEd on focineters and
noi re defl ectonetry, |acks the conbination of spatia
resolution, high sensitivity, and | arge dynam c range
desired to accurately nmeasure nore advanced | enses.
Current netrol ogy techniques generally are limted to
CROSPREHUIENCEERO IRBLRTEINR PP AU pover of a | ens
rect nmeasurenents power by translating a
Iens until collimation is detected. SUMVARY [0005] In
O[000RE pEaE prekdie appleieivh clamiehénefinta VNS0 PuBssidial Phtzat A@plication

of a nodified Mach-
No. 60/871,319, entitled “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 lens 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
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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.



[0015] Figure 9 shows a localized defect of a tested
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[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.

[0021] 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.
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pharmgcerurtigartl, soft contact lenses comprising an active pharmaceutical, single vision lenses,
toric lenses, bifocal contact lenses, multifocal lenses, cosmetically tinted lenses, freeform lenses,
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wherein 50% of the light is reflected, and the other

50%is transmtted. Thus, 50 % of the collinmated |ight
whemwsgwahat i ng fromthe collimating | ens 16 iBCT/US2007/088583

directed, via the beamsplitter 18, toward the mrror
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coupl ed device (CCD) canera, a conplenmentary

colhm@@gi;ﬂghbl;@a@eergmtl@g hiput the poﬂ@@g I@Qﬂ@rla dlrg:ted via the beam splitter
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he caner a erre e ScCl ence
nnnmqanera. The imaging lens 32 is placed betmeen t he beam
splitter 24 and the science canera 34 to inmage the
test lens onto the canera. Thus, the interference
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referre@dﬁﬁﬁ thedesyf @arap B’,h@ st bgagn 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



type of canmera, such as a charge coupl ed devi ce (CCD)
canera, a conplenentary netal - oxi desem conduct or
w@ angBsoocanera, a charge-injection device (Cl DCT/O820011€88583
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light Cbﬂccnlgtby theompgiay cameﬂaéﬁ’@ss utdmaaee dfe&lle digh€ thet isreflesfedtdifthe beam

sphtte&\zjf gtpi;noth Eg‘r%recchzi(l)rg]fc tﬁatrlg Iggugit}ﬁlttﬁcg &aﬁ% thg Beam splitter 24

from tBOtdsC&n( 30. Uili ko8 € ﬁlec’[m&le% 3aN%R picR e By & JIBL Af the lens under
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test. Inapsxemplandenkaetinentathe imagiopcame8aiddneet to hélxed magmflcatlon level
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placem@lt PEthe anplypis AR Hilthat the Paticab AeRe Pfghe ferklemet Bra wience camera 34
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Interferonetry, t ts sparse array canmera, IS
resolutiom wihze chehoringsiod t\tmstrheedwwg‘l'eﬂfomequha st lens.er f er ence
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Third, the wavefront reconstructed at the detector is
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are nolddGick Ml %E MRSl fﬁ)n%ale iR R PR i eurdiiSh %&eﬁ%v@slgnal
common p at h %lg arm

et ween e re erence arm and test
attribuddbleveviaé irnmerfeometer configuration 12. Utilization of null optics would likely require

the design of null optics for each lens type, and the wide range of lens types makes this
impracticable. Testing in a non-null configuration brings into play at least three design factors of
the interferometer configuration 12. First, because the wavefront is collected and captured by the
imaging optics (e.g., science camera 34 and imaging camera 38), the parameters of the test

wavefront, imaging lens, and detector are matched. Second, the interference incident on the
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results in different aberrations in each wavefront. An
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by usipganyppeepriate potsrial gk as.ifar exaeple deadzaiconase titoanth (Bo[ZrT1,«]03),
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engths for t erence arm
DeterrhﬁmtlombenhB diredtidneofahd pmzsel guﬁtrremnwésaheu amblguuy ef the sE8B, of the test
optic’gé(?\{s% flgeﬁlgfagrgwétqg grs?télggétsﬁés&gg?ezcz{ -Il-P anld a rlnb ?en(sj (vevto% cl be

indistinguishable. Utilizing the mirror 38 with a phase-shifting capability, however, removes

this ambiguity.

[0037] As shown in Figure 1, the test arm 30 is vertically oriented. To prevent contact
lenses from defecting under their own weight, lenses are mounted in a horizontal orientation
within the cuvette 28, which is positioned in the vertical test arm 30. To facilitate a horizontal
positioning of the cuvette 28, the two beamsplitters 26, 40 are arranged vertically as shown in

Figure 1. The interferometer configuration 12 provides a vertical beam path for a test lens



nearly light-tight environnent, protects the optics
fromthe saline solution used with the | enses, and
whk@sksoorhe system from external air turbul enceCT/PSBE)88583
The di anmeter of the inmaging | enses 32 and 42 are
placedcv\g Vzbf!rngtr}]l? gm%f:ﬁ u}[n:,l] G ?é’lr%d) r eelrjl?lge%t%:notnll {3 on%ﬁurflgxﬁ) 5 pFecsjerves
equal @8PRHth Bngths f@she f@elbﬁéefhrﬁlo}ﬂ dndwile &:@darﬁﬁ}lﬁtvhﬂ@alﬂcﬁﬂﬁ@ @n enclosure,

Wth neggilve | enses, the wavefront after the

cuvettg g8 cver Bistlensi Wpiest, Asieserhed 1p moreietaii elevs Fh?rﬁutfﬁée 28 provides a
t I
nearlyll e tlgﬁltde%%ﬁt)ﬁﬁént ot%% th@ 8?91 néégfdr?g ﬂﬁ es&@n%%{ﬁgtibr% 1%%(2 w1f}111 the lenses,
and blndg;rthé B YGatn ﬁnrraetxtemhalcalrr tultelavawef ront i s i maged.
Accordingly, the power of the imaging |lenses 32, 42 is
taken into account to ensure that the respective

WP} odhe diametes of hsgmaginglignseradg arfl b arerarabls efagturing all or
substaglgﬂg Sl g’xjae@t@g \x}a@ r6ﬂngFegln?§ng5lﬂet§1800 %%Qgéglm -{P & @ip‘éﬁlg 'of testing

acl of the pixels to be I nmage
both pdkidt/ahlﬁSndgaEVé\lﬁqsﬂss Wifth B@gﬂtﬁne feneds, thh@vedzefren:tta‘ﬁfer the lens under test

dlvergé%%lgégﬁ rgJéé/ %{%gg‘f‘déﬁl)léghg gn%ﬂ Cges? ! e frﬂ In)l(ge C?IS }sotalgen into account.
The pbRERIER! QURA R GOl BHARIhOMadAifithddn RVWARET th¥ vfa@&‘%ﬂ’tq‘s imaged.

interference.” The size of the pixel to be inmaged on
Accortlinglys diegroer oatherimagiag éfmdest 3% 42 nagkeryint@aepant3g engire that the

d wi t he f nunber (al so,kno in .
respeciE R PRPropHREf e aby U RS G og S the ihaging
cameraBgrture) of the imaging lens 32 and the imging | ens

42, respectively. The working f-nunber, along with
wavel ength, gives the mininumfeature size that can be
pH93AL edhbyitcher bmgunibe ptxebt to bEhinggddstypealbheidtavdstthe Nyquist
t he pixel size,so elther Sys n1t|n
freauepge gl i Aetioloh AR RL: e rd i Gbine Bing o nage ar
consid@iddft8lefisuré G1A tHR8NEEERnRIPEBRi & Bh0n 2 WHD'%&%[) erly ResblR@tinterference.
the working f-nunber takes into account e

The smﬁgﬁﬁhﬁ Pt t0d:rf: ipfagedhen theegicnee eyrare At apdomagiag camera 38 is

coordlnate&l ﬁw{}]ltetg nﬁ%f tIlQr%b%rt afso lf(?lg\%lrl 11% ﬁlse'tart aaaslfﬁgaé Ezﬁf_)e% {a%o and relative

apertud) off t}ﬁsslrrﬁtgﬁ@ 1eme3 25alduhé ﬁﬁhgn\ig Iehs m2 trE@eétweﬁ?i tEheZ'ﬁorkﬁjg f-number,
imrersing the test lens in solution, the dynam c range

along withywave|eRgdy giupphsmaipimym featyrg 81z sl gan g pidpeeddiyethe fns under
test. %ﬂqglsqﬁﬁgl’f‘eﬁ%tﬂ ﬁlletp%l gll Lt gﬁpﬁcqthep S)”SE‘BfIIE %qMIIYIE c}ﬂ:%g%h]ltlon of the

ween the test ‘optic an e surroundi ng
other. t Brensrnof‘'wpdavey f-ndhisaré défdirs fromahe nmp@corhnnnn terinri‘finuenber” in that the
unt  of power that %?n befggﬁura

workingnPnumber takes 1nto account the magnification o% the 1mag1ng system.

[0040] As mentioned above, the lens under test, also referred to as the test lens or optic,
is immersed in a solution, such as a saline solution, within the cuvette 28. By immersing the test
lens in solution, the dynamic range of the interferometer 12 is increased. This is due to the
decrease in the difference in refractive index between the test optic and the surrounding medium.
In terms of power, there exists an upper limit in the amount of power that can be accurately
tested for any particular interferometer. This upper limit is correlated with such parameters as

pixel size, pixel spacing, and imaging lens diameter. When the test optic is immersed, the power
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tested for any particular interferoneter. This upper
limt is correlated with such paraneters as pixe
WG m8/08p74«el spaci ng, and imagi ng | ens di anet ePCT/V{29N7/088583

t he test optic is imersed, the powerin the

in the %rﬁgs ﬁ]e(ﬁ %Vef%a \f?s re 1f1cetdI t?lere%d c?gdsm l} ( 8 % gg%%ﬁl%
ynam ¢ range o he in e orve

mterfeemat’ef a. ylnamem@mﬂy emeochtr@ht ¥ hsghng Bdﬂsitﬁfe CamEfadyith béth high pixel

bot h high pixel density and | arge grayscal e resol ution
density anq, KEF §TAY IS TR BriS WhadHn icRmE R BV it inypgisiogdo grovide a test

t \,

bed wgﬁ gﬁ agﬁgtr%m(e 1?2% %(fe B&%%E{t)ﬁ@vlﬁr Ant%h(g'ln%@%slggéé\qu C?&Hﬁl#ﬁﬂg thd ¥en51t1V1ty of
interfdrorhetr§ evith it myremetdhiyhhnmcl mngeedsedneismm prc(yldea rageacvical technique for

I mer si. aﬁn rov des a practi c(ai\ techni que for testing
testing, Ny agvigy oSy 8 gVt ‘% O\REs- g &éaé‘frtj’nl% and naterial s.

[0041] Even with the inmmersion in solution, however,

t LU@4??S EvaPWAR tl‘Péc irﬁrﬂ@rsi‘bﬁ% sAlﬁt{? th)ﬂ%&eq‘l JhX b\cll\% '40“%? 89&1%%& lens

i nterference patterns wth a ge nunber o ringes
typicahg&alh@eachhemtc&feeemqmttmv e/ﬁuh@rihrglesnupibanafrfnngex eeawsedhe reference

N R T M LN T s A ——

scienc@R el H€&onfdeie AetRE h{%% &%FCC%&@&&QH@&Q-S rhih shSare. It is
enphasi zed, "however, ap he 1 npl enentation of ‘a four

emphayizgd, lpiweatr, @@Dﬂ@an@ﬂfanqmatmeﬁplfamweamimllﬁ(w gayera is exemplary,

opriate d tor be u i zed. By .havi.ng epou
ana B Bp1HRieE s P SRR flnten il (R lve e
high f&@h&f&ﬁﬂnﬁg&eﬂq@ sSfnd¥ QUicHE Plodiies Bathi sphtidl 8&0ludioh @R tHen
the measurenent. To facilitate such a |large array,

measusanets Toffadihateswrle ndwee aby, sheasninriof Hieesieacd eAmerd p4 rqrtzlhzes a full
frame %%c%qe{tgl% l’tlrh% f};]ﬂ_? ?me lﬁréhlteétgpem?(%%grlr&e% Gh %&%rﬂaﬁ] gl%&{%? {Iﬁgerﬁ& to

€r ha erl'y rea

propeit{ 8sagdéut thdlclaunges Xanpleasniparbatbatiment, tonrbf/l@V Islﬂﬁterlng, an acoustic-
shuttering, an acousticoptic ;AO) nmodul ator is used in
optic (@) fﬂ?ﬁlﬂ%lff‘t@hls\msf%lllt%@l@ﬁﬁ?ﬁ withthq ypatial {fteg upeskfopbeam cleaning. When

turnedcclne g B&'ﬁl 'au@ég% Ak &H&dveafn n%ﬁﬁ% ﬁ{eorﬁajo?ty of the
rity-o

I rst beam cont al nl ng € naj
1nc1det1hlaser ﬂmghd €Mttis fiess erdeir b@imh is alighead fol the Bpamlal‘jﬁ]terb &hen the modulator is

tumecaff. BB B Perogmiior TR GBI 16 PIke e CRHTL ATFS i peqeisg Thus the

modulr bhe sﬁa@i@f #HiRdr chdakd &1 dn/bF sRiEB BHthe T Inb iR iﬂ%‘i’fé‘r@rﬁ&& The AO
and spatial filter create an on/off switch for th

modullatog it drivendytthesdignce chmearigt gus sieria®and mﬂautmccu@oncurrently
driven by the science camera 34; thus shuttering and

r t occur, copcurrentl [ 004 oned ab
@@ggﬁeA@é@ﬁtnP%‘? P &IPS f‘a&aéga%éfagﬁﬂw%& gfinggption of theoretical
waveftdHBOWHEdICARL uRMB Tl ANLE pebintdhc@hehE $8fshiRe %'ve{%tﬁ One way to
performance at the transmtted wavefront. One way t

understand how the theoretical wavefront is generated is to consider what is being detected the
interference produced by two wavefronts in the plane of the detector (e.g., science camera 34).
In accordance with phase shifting interferometry (PSI), the interference reveals the relative
optical path difference (OPD) between the two wavefronts. The desired wavefront, however, is
the test wavefront at the test part (lens under test), and not at the science camera 34. To obtain
the desired wavefront, a known reference wavefront is used in conjunction with the OPD to infer

the unknown test wavefront at the science camera 34. As the test wavefront propagates through
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under stand how the theoretical wavefront is generated
is to consider what is being detected: the
WO niogoswrence produced by two wavefronts in theCpUS2967/088583
of the detector (e.g., science canmera 34). In
the op?lgsc & 19? ¥e ometérhl2p hl?eSrFat hl f n In? P Ly LRI aFBr%Fgﬁ g%cés@‘?%?]%d to convert
ein erence’revea Fat 1'veé optic
this intHrfellaese ﬂ@@ef(r&ﬂ?@) t}i@&hi&ﬁ&r\ca&ﬂlﬂa Bmwva‘besft feStivh Ste oﬂh‘é test wavefront at
desi red wavefront, however, is the test wavefront at
the copiggt lesst part (I ens under test), and not at the
sci ence canera 34. To obtain the desired wavefront, a
kﬁﬂﬁ@; g{por OE S tYyaVn:({ulr(j% %bg\g\%tlgns (ijep\?\%({,/ g owgﬁlt[ﬂ&&?n? \xﬁweftront

Howe$&1{ 68 Geagdandy @f tBél addRg abbeatidstis Wpicelly @Bal fRpE@adfaEe wavefront’s
t hroughthe optics of interferoneter 12, aberrations

magnifjjdg. {Thipdleds fsar tha pbasrationd e Ry tragesisasiapegiaehation te tisyepefront.
4

Mathem'téal ayn ftlge;cgp%gagoﬁ%tftﬁqﬁgﬁé [l%%a\@froht{}g \cliglfcn'}egﬁ? %}gg @Hfﬁé}?t a%.

contact | ens. [0043] A portion of the induced

aberrati ons depenflgfon}thw 4 A¢wdent wavefront. Howeven,

t he magni tude of t%e added aberrations is typically a

smal | fraction of the wavefront' s magnitude. This
wheredW |repssetsrthe heigiablew reefioon gnql A{B‘é} tepeeserdsithggnduced aberrations. The
notatlcg peggr}blgtﬁlse%f otlo ‘té“}qeﬁbh %ef o al%martll%gsa g&g%a!x'g%bgtﬁ&é?%ngnt. The
imagi®ORhe32 isahe sdlﬁf@e{ MWtheWdhcey a\l&krlﬁtldns\/\@feaw\@/ to8p¢ @B e AifBerent

the original wavefront, and A{W represents the

waveffqpgeadv asiicrent RbgiEtioThHis thgieat the Wlifigrogt wayefrenig ap ghifts in
conju '?é%' ?’1@ oflﬁ%teg E)? tﬁé’]ig{’éﬂl%gor?g&%g ﬂdg?xﬂélef?{ © YR\ tre%}ﬂgane, which is

epe I magi ng source 0O
the plamdm&eﬂlaﬂlg folaiwing the tENdensdycatenl in elee auvyttelLd, faad elnd science camera’s
wayef r qts receive different aberrations js tao view
dotectynid: Vil it SRIVENGSSIR Ot Slangs; HySTpecia (e gatless el in a
differén® WaY&ed Befn@prdsbft ih @ﬁeetregt%ﬂz‘ﬁ{ée bkl thﬁs h OREEO V&La%Qﬁofr)t%ravehng
are the test S I ane, the plane 1 mediately
throughah¢ omagmgg $yseent esnplbed bylthmmﬂt@mg lang Jixamsihe s¢tienc@&amarads detector
34 the science canera's detector 34. Wile these
" conjugates do not change, any change to the test |ens
results in a different wavefront being present in the

t @3}&4]0' @H@ det@&gd H@éi‘?er@ncg é)fa{tgﬂhg ﬂztpré@@f{tecflé Qﬂferér{c@‘f)@dv}egﬂ images of
through the I magi ng system conpleted by the 1 maging

two wherfsonB2 alathotttheewamfmmuethcmnﬂva éFhrdeﬁl%[M (ﬁPIZs 4f tepOAn)) between the

imageé?&egtgt%tsgatésggl f {}fasa,gtgg%es (%?tflft: reerffg]rgnc:re ave r%ﬂtt (\{II’B at the detector

plane is therefore represented mathematically as:
OPDrt = Img{Wr} - Img{Wr} = (Wr+ A{W1}) - (Wr + A{Wr}) (2)

[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 interferometer 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
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two wavefronts, and not the wavefronts thenselves. The
OPDc(OPD of test bean) between the image of the test

wawoehswm (W) and i nage of the reference waveET/082007/088583
(WR) at the detector plane is therefore represented

1mme(§?\t7\]}}e t';’m) r&khg te&? %%3 (pé?_du[cgggrgﬁ t’En dl% ér}rg;l}gfeé%r{ecre av¥avefront at the

detectbiobyt dﬂ@:lmgrﬁgs BgkMaedsaBifugh Eheayysen. afHelragd 43¢ said @b&Eaced backwards
used to determ ne the wavefront at the | ens. Wen the
becaussy whgieppin thp in¢rfqrametchtightrtevalidion tessplppfoiprletactns (science camera

34), tl‘%gr;)?s hggetd tﬁ(ﬁ?%éé&t% s‘i:féﬁc@pﬁﬁé{;rggh%%ﬁ ?haﬂgt ggln@]iﬁl%lﬁtlon (1) and

rat a co ectron optics
Equativnd2), d[is invhse wpeletion B defised mathemlaatalbrrmbl es an inverse
operation to imaging, nanely reverse raytracing. Wth
reverse_ raytrqm ng, the vvavefront at the test plane,
t ypi caIWy titng~ pWareh bed] atopy{ OBt odinggWrib t est 3)
optic, is produced fromthe OPD and reference

t at t det ect or raci s backwar d
mﬁ’rﬂgﬁghﬁﬂ}ﬁ%@;ﬁs lupiates pne %%3 %Hrén@ g He RrP%Fé%afsreVer se
raytradAE KWBIASfRERRUS fhe iMRAERAR (N 2t B hféttﬁ{c&? hBHBHRY refdr@RE arm 36,

travel s fromtest plane to detector (science camera

through4he imdpeng egts:s a2and pawdhie fletortrd stieateaamescid ntles sahemage of Wr

ame (39" BRPS ylh lE st o AR Bk Rl Mg Slliey Ac s
point, @ imke of qurailﬂb%bﬂauf&ivmﬂs aysl di@ tHeiPaced barR Y \WRe)test pihe. At the
[0046] Equation 3 illustrat es one neans for

test plamgthe e tarengpnivhire ptoccesefioht, M is 8V rate estonatg of tetoniginal test

reference to t |nterfe ter s.are.t
waveit St G FRPBAGHAE Sl e (EB0 She G 1 JHoR HL ot e is that
model3# tl@eﬂi‘ﬁte@féﬁr&nét&els @@écﬂ% ﬁévﬂ@ HeRBEBCIANEINR nddhel 48U e ladtual

t he i mage of OPD T is then added to the

interfargipeter eamahﬁislh chmﬁchng heerrhabeeg theonodal ¢o bettgr enatcht the h¢tyal

1nterfete%ment ?aélc X gag'ﬁd &601%%6‘0 aroceibsg k{q bvtrv_]frljl aé’] %d elisT St zt¥1tsi% aaﬁlée model is

verifiddnga thaYSaghiifeca€ion L ethagiag @eﬂA@\b@hﬁtgﬁﬁes. @hlyCﬂWol dist¥ices are not
the estinmate of the original test wavefront WI. The

known Fa@grpreseaiptiopehe distanee Bemithetaprf dhas@ivefie f&tq e inaging lens 32 and
the dlgtﬁﬁgl gn i u%ﬁ ﬁlg@én% 3b Eﬂea&ete%tﬂog:%nﬁg ]::arhg% 34, In effec;lthtgese two

I nter er onete use to provi de correction
distancasded that)jechandoiataga distant ey foe r}ﬁrm-tagmgdem; 32 fBeetiuse the imaging lens is

trn enh ncrngthe 1o bett mat ch t he
Knowia G OB LT SR GRELGH LB BEN QERPBYSH. iﬁnswrrv es enough
inforntXti8f ?@ﬁnlﬁ{ﬂ&y‘ﬂet@ﬁn{n@\'ﬁé% AREAE Z AT haPhkial HRrdRAEhseli o update the
verified via the magnification of the imaging |lens's

modelgvinubatrest re@rit ynagwidicdiiet mrawscnaent. not

[0047] Figure 2, Figure 3, Figure 4, and Figure 5 illustrate various wavefronts. Figure
2 depicts an image of an exemplary reference wavefront, Wg 44. The test optic 46 is a plano-
convex glass lens, and the height units are waves (543.5 nm). The reference wavefront, Wg, 44,
is shown as having a considerable amount of power, as opposed to being flat. This is because the
reference wavefront, Wg, 44, at the detector, the science camera 34, has a considerable amount
of power. As depicted in the interferometer 12 of Figure 1, the collimated light in the reference

arm 36 will produce a diverging wavefront at the science camera 34. This is an image of the
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known froma prescription: the distance fromthe top
of the cuvette 28 to the imaging lens 32 and the
waele@saswes from the i magi ng lens 32 to the det eR€DUS2007/088583
science canera 34. In effect, these two distances are
refere@ciewo%kr%%{ an4 ecguseqh tn"i‘a i Slenoﬁastalg?tslcgﬁgl ar&g h% t?c'st plane and
BEEQHs &V b [Errs"q $"kAY

detectbin eFigmg 3i depivdd OPD 1 bswﬂﬁﬁlv&ah&:dqﬁiﬁlu g@ir&eﬁhﬁ@ &ﬁtortlon removed from
provi des enough informati on to uniquely determ ne t he
the PO@%C tissleane@sFigareshdepitann pxgprlaiydmpge dlselst a\gheat &Vr 52. The

d t
measutﬁtgelg%)grﬁeﬁg ﬁ?é&{%g 65 @]F %Q% u(?f; W ,QM 0 gﬁgﬂur ek%{h%gltn gé:oef \AVT 52, ("jfhe images
of WrRiBgind &V 44 Wiftes bly DRD drel mmgnt&mdw of whithss cd?lsgiﬂrablésmaller than either
depi¢cts an i mage of an exenp reference wavefro
wavefiggtalfecappna pay Veo‘ﬁft Ignsswas us%e%.? thi§ S* BRI e Yrasssf] tﬁenéest
waveﬂ%@l@I hhde10Ret 9R8inYBE EEvALR (Y@E/@a% ((v%flale% pBidre) tHAR the i - image of the
reference wavefront, WR, 44, i's shown as havi ng
referewnsa\@épatbl Revarso mmtraaﬁlgpemheda@ theppegedf the tde wngefront Wr 52,
flat. This is _because the reference wavefront,
resultigg 14 ﬂ]@ eglanateof Fhe rpq:?éugeélwggo%taq:?élls%utgﬂ_i thioygh ghe test 'lens W T 54 as
depictt@NStidelaP! € amount of power. As depicted in the _
Interferoneter 12 of Figure 1, the collimated light in
the reference arm 36 will produce a diverging

WE0OABT olltiliaingttheinsticesraetec Elv@idow dvkfrohhd&erindnaioni Vmﬂgfbverse
of thereference wavefront, WR 44, because the i nmagi
raytragiggCoRpparisansica be gRle heveen f kst teas pnchi Bipdeldpps. Figure 6 Mows a

measug‘ﬁf \@?\;e‘ﬁr ont 56 G §m%dgl€@ 'v&%%éfr(g:t) B3 ForBe Whﬁlg W& e@omparlsons can

pi xel's, representing distortion, renobve
be ma@@betvvemethbe&tasm@d andthe rﬁo@dﬂdavmveﬂeptscpmvmmga(mmhsafoypart

.. 1 mage of a v 0 he neasured OPDT 4
verifiGp O Fge fi1E nE° FRTED GO R AT 5 BBV EA G rpagdnigfled data, a
cahbre\%nﬁ)%rt idhgd "Iﬁgﬁ %xé?ﬁplwgf él@)oﬂﬂgeﬁ(\& ﬂiﬁn@-béﬁ\%& glpa\és Q?l@ls-rused as a

t he nmagni tude of which’is considerabl e smal
calibragjonipart. \Hamm@ﬂﬁuchaéomcwtqm@ﬁkwa amégadlusewfscmure are

measuf @GR REAb T pRARIRE Srob Bt AR Er Rt Tl BRY, ARHE it the

prescrittioh ol E)tedt pan, the @resemeto>nQf tﬁéﬂﬁtd@i@ﬁ@&c@lamy efer @ikration of a
Reverse raytracing is applied to the i mage of the test

modelggh way elapiit alhesame fqcatipn pnige meagyied way it e Woth tpewavefronts at the

e (B SRR b AP SALBEYT O e s
subtrattivigetht orainteravbZoarfthaheeafeanteddet of m nat i on Wi t h

reverse raytracing, conparisons can be made between a
test lens and a nodel |ens. 6 shows a neasured

WEIPPY OFiE5E! dotia AR eRs WepEPPGHL OGBS fGFereie between the
measu?&i \k/?\;e?ltohp 56 Ltr?(péle n%?fgﬁﬂr&ﬁ%ﬂ8ntc§%n This difference is computed at 99% of

the diameter of the two wavefronts to avoid edge effects. The noise in the difference wavefront
60, due to a combination of factors, obscures the general shape of the difference wavefront 60.
The noise in the difference wavefront 60 can be alleviated in any appropriate manner. For
example, a Zernike polynomial can be applied to the difference wavefront 60 to remove the
noise. Zernike polynomials are known in the art. Application of Zernike polynomials is known

to cancel distortion. In an exemplary embodiment, a Zernike fitting is used to remove high
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be made between the neasured and the nodel ed
wavefronts, providing a neans for part verification,
WO o008e3@npl e. To establish a conpari son bet weePCT/US2007/088583
nmeasured data and nodel ed data, a calibration part is
spatiarﬁg ql'encl:synnoa}sne A {H%'Z%'%%’ik% E:T(J)Oet(flﬂcl:iggtrs] tafe uasegltoapogn_%{?qu Xbee)l(*ra%hg fiformation
ens I'S used as a Calibration part. Paraneters such as
about tHedexwefrognt er thi ckness, and radi us of curvature are
nmeasur ed i ndependently, providing a conplete

prescription for the lens. Along with the prescription
of005AE Figare Hahaw ahmilyr asiaes p2 pechinafgettidhereof, after application of
inderferaneter epabl es . the generati of.a del ed
so-ert [ hMERBOR R ERCE B P EN AL o o B PR Btace 2
illustrivay @bt @ibcus\W the downaavedr i@nhscahpdriién BaReh aeadur@hand modeled
and therefore at the sane size, a difference wavefront

wavefgogs. POt Rp HEG & HPAEFHAY eaivpit FaRET R et arytfercage in power like

.. . oms- .
o AP0l LEPUROE,RERH A L APl LOMES L ERE . o
saline Relag o @dthadavefferonicted Geandthe velueo deldaa theaeddl obiking8he Zernike

.Thi s diLfer nce i s conputed at 99% o ng di anget er  of .
coeffigifs { ASRNET PR B P WAL biera8Ge 2b1F WO UoPiSie I Bisjdifference
becorted€0.054 HiBpRAC AUNRY 1HiR Mns Blbded s HPfeRerc@ MPHERLI QR beLonverted to
factors, obscures the general shape of the difference

an unogeteisty onnde0 . Therkifereneseofi-0.06 4 dicgitdrs, edtangovei thweoe e gsonpti®@of the

can be alleviated i.n.any appropr | ner or
tens. S0 apmCen o e R B B eR ok Db STt g atues are
curren@lly fikh8 W8 RE &n WRMLERIONb £Hdut 0.00 BTRY RotldMEGhNALS Pow i k& be
nom als are known in the art. Application of

., Pol'y . Kl : .
attribuges} tejthediserepansiiminglex & Mawiliet o cancel distortion. In
an exenpl ary enbodi nent, a Zernike fitting is used to

RS P RS Ak FURD SN POl S A0 AR TN 810w other

charadtéHs@EORId RRuARL 1dheraduedanat Fol &arPle, fiteidr8g@nmSdiawkaure 9
a Zerni ke surface 62 and i nage 64 thereof, after

showsgplpfralizad defectofd 6 lees mdzetent. kg orgnmmics wavefront deterpsnation

...di{fere ce way ?ront 60, .. Th rnike surface. 62
uitizify {63 PRP o it Ie vl AEEGEReRE SBBRLPeitpmapge tha cause

deviatk@EPamhicSight pth VR e dreasifraghcant offidelBdlonpthaltight ssed. Further,
Not to be tied to a particular theory, it is presuned )
transnyified wavediont detemeiaation WHigdne the keerfeipaetes 1 6t pofles the spherical

power?)gg{l§r ?%lﬁrlgblﬁcghgﬁgﬁﬁﬁy kg tl.)lgléjﬁﬁsé%f T){lﬁlfdfi@’ﬁtpio%r Erﬁf a)&{'ﬁaél also be

ns a e surroundi ng saline solution in
obtainedit ¥ef farthare taionsehausvihtedramlothes pused a langd dre doed@ble, as shown in

SRR T LN O —
68 ma$§nbf 6 &RERterized as a defect (e.g., defect 84 of Figure 9), but will produce a different
optical effect such as power change, spherical aberration, or the like. Transmitted wavefront
determination utilizing the interferometer 12 also can detect information on possible stress or
other alterations in the periphery of the lens, as shown in regions 88 of Figure 11. Ideally,
outside the optical zone, there should be symmetry in the fringe pattern about the line through
the fiducial marks 90. The swirl or misalignment in the fringes 88 near the two fiducial marks

90 indicates an area of possible stress and/or misalignment.
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beconmes -0.054 diopters. Using a thin lens nodel, this
difference in power can be converted to an uncertainty
WO poostagiwr4s The di fference of -0.054 diopters, BCDOR007/088583

with the prescription of the lens, gives an

u ai,nt of:. ifference in index.,of. O 15. .

et St O’ Gh R it P B e ot
waveftineesdlat et yiaothe ah@idroeR912. Thie imdimaiont dadtbe tub&l QM iminate

error can be attributed to the discrepanq¥ in index is
betwegy) mgteriglsavitly gifisnent fenels @firdditvesy designs tyitydiffgrent grounts of

i A i . i . h .
aberrafiphL, A oot &R LB QnC e ol GRiCrURA! AErOL EL: cxample, Figure
12 shdwoxr pletx @0p92 94| antded e efrsphieraval abferifatign ( SPIPA simadispters per square
... localized defect 84 of a. lens.under test.. Thus,

millinefer (NP R ps AT faietonr ﬂff%aftnit St isﬁfaf:& If‘r’i]@ tgsfrgl had a power of -

1.00 d:ﬁd’bttéﬁ f]?j’ OfREHRY, s%@is@éa@‘iﬁﬂﬁa% S Fdrindtib P obletne Qia%ivt%ﬁgﬁt analysis can

in optical performance t cause deviations in

be condugfiad apdhustragnd b etabstaerlods 821 vhesmt thermepn andestandard deviation of the

wavel engt h. of |ight u Fu er, transmtted
spheri{ e P aEtash it S8 e i 30 G eERRnt er £ or oreet er
12 can produce the spherical power of any spherica
CRPBSAL NuBffousoter 1@ Ichah 8B QRs afY %hﬁgfet&@éan%vmai%ﬂj\/ia
axi s can al so be obtained. Yet further, regions that
wavefgiew plgsis. ridmestimgle, harthiskfss af {oeinderaeecadtcatcteamined aasllustrated in

. sho in Fi e 10. Fiqure.1 hows. a. regjon 86 in L
FigurGhl cfbricbont el oty ittty RAReR Saai? e figmatiom in the
eye. IRFigRY 19 Qhe BEclabakact @fdezetkea30d 10ef 86l 1048s Bepictd@l TR darker

84 of Figure 9), but will produce a different optica

areas igflicatetingpaskd ghiclgwaesonapiaethie, lishist ardas & caplelenathaping agange from
Ooln&ngogob%nnTransnitted wavefront determ nation
utTli'zrng the interferoneter 12 al so can det ect
i nformation on possible stress or other alterations in
t [UDSHET ARMIBSYIbEA abAR, 1eBHE undsr t8HRWA bé Plat&BinaN&uvBfe Bf which they
Figure 11. ldeally, outside the optical zone, there
are subineiged itbe saytieretersy, sahne spdutiqn) nfgupat4 srarrresogetiangbview of the

Li,pe, t hrough.the fiduci al nargs 0. The i.rl o.or
cuvettfzn bg gﬁl(i)\xénn H%s t%f llilt%r?ffrﬁl’ene Fil% éie 1ct§ n IEl&ruret EeUfl%mg ith(fuc(%livgﬁte 28, lenses

remaiffBy Josutd dukiely eaties. BratediaBausedl ineasihiterisd c@sct dndéoinclude
nisaIL%gnent.[OOSZ] A wealth of information can be
hydroggly qilietams 1y &ieasaps- nbhe Ineses peerdlagedtie thegayelts Hhiog water cell, to

keeps el ﬁ)g(frgtgd gh(?(s)tﬁ € it RE&E t)Ffe?ﬂEﬁ\eer indéx. THY &vk{@é %Wpl?rﬁf)l‘?ﬁs a

can use Iscrimnate between nmaterials
compatinhidne hevihg tvew elislosfs thatdid antesflecdos (AR cautddy Theflberemnier test is

..amunts of aberrations, and ] enses de with the sanme
positicigd Pgves e S tihertatiRa al‘fo/f\ﬁg%ﬁﬁ 108, thepf gjifprpalyspriaces.
The irdiBOWB A Rt WecAqhe FEndoRAeladNHd 61u8bn SRAG k& ahe ARATHAIH AR coating

(SPHA) 1 n diopters per square

on the internal surfaces.

[0055] Generally, and as described in more detail below, the entire cuvette interfaces
with a test configuration, such as the interferometer 12 for example, via a kinematic mount and
by means of an automatic connection system that includes the mechanical linkage to the
interferometer drive system and the electrical control and instrumentation circuits. An outer

enclosure houses all the constituents of the cuvette. The enclosure is configured to evenly
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mllimeter (Dnm) versus frequency for four different
| enses. Each lens tested had a power of - 1.00
wele@posns4 (D). Further, statistical anal ysis oPCT/US2007/088583
i nformati on obtained via wavefront analysis can be
cireu R I SO Bt R AL Br o B B P e £y fidnonicor e
tempefqdie loff € te@Blufiakh.i Aredsaiol@&arebniadk Hndbr nddtipl@dtestaiztte6 configured
are depicted. [0053] Nunerous other lens . ,
to hol¢ g Jgng stlaperged Hs2 spiefigia petivhichsag he moyed mithimibe cyyeste’s outer
enclos\ﬁ?ev\ﬁfliﬁ{ﬁllﬁinwﬁlngﬁeaplaf Menb XM %ﬁtatfoﬂ%f ttﬁy t‘éé&"f@x%@s. OA first window is
toric lenses can be determned as illustrated in
confighiegiuo @lld B thelmedrferanettaet drartees takates phei odtilnorvdietge in collimation

. lenses desjgned to correct astigmatismin the eye. In |
or in cpfigjgpes Igagth f‘f?ﬂdcwéevyégcmﬁgel%dég oflghahe tedgisr biggn (0 exit the

cuvett@Aflerdsih$ tﬂ&lﬂ%ﬁh@ fbns T (AR Ional &Rfgd RAhEBLiBNg test arm beam.
i ncreased thi ckness conpared to |lighter areas for each

The céngars of thavivagpacal angdowWs wernlig@drmiit each o8R0, with the@dB4ble lens holder
descri hed ove, |lenses under. test. can be placed in
moungd BEGEED o TG R MHEY Sr b OGBEP Gach o RTSHA TG petveen the
first wiflo@v andSdé kdt@ng Qlisddwen) . Figure 14 is a
cross-sectional view of the cuvette 28 shown in the
interferoneter 12 depicted in Figure 1. Utilizing the
c[0986} e Thgcuvettnkewnraginemiaunt iy ashieued bnustafiantpveted tslidgy which

N T AN N ML

sensoiRlaAg §flovifed Vigti Gl MEkhEre2Birattin Va8 loca®r ijnstaﬁd k @@@Fentt (N spring-
hydrated and stable in ternms of refractive index. The
loadedy gytiat Which @ravagsrai redigl fpresorgpht the hacatpa pinsgto ageuigiehodsconsistently
a .antire [ R edw The .| . :
oo R A B AP e S osenca

providéireskavdlea pesidit enatate®and Rbratic@Xtahtal bedwednaBesuvelto@nd the

) i ndex match between the w ndow gl ass and sol ution

interfegpmefer, witeutiany Prreapdifigning o AR cB¥RteE hidgnksget he i nt er nal
surfaces. [0055] Generally, and as described in nore

d L el.ow,, .the entir uvett.e . interf,aces. wth L
03, o PRE b B bR BN RroT BF U5 TR s B gotimadon

or coheeRbPle@gthWf an andidene b&llinaitadbenin, ambiwhiy¢h @RS paEn@d the wavelength
automati c connection _systemthat includes the

or wayplengi o slhe infasierqyacteios ¢herqnhtightseptsreals vnfow fags thepurface on
WhichQHéjteEﬂgnseils 'hket(g‘l‘.r’llTh% %[‘uﬁcguz ixg&%h B il %FFQ{S %té)i(ﬁp is coplanar with all

clrcults. outer encl osur ouses a
other @bingindowe it the ddnsthbklec ukathtcell i He lemciaddurhes a sapered wall designed to

o B PSR S Gk o B P g e
so thaf tA€ interferometer’s imaging camera can image the entire lens. Each cell in the lens
holder has at least one channel to allow solution to flow. Both optical windows in the cuvette are
transparent to the wavelength or wavelengths of the interferometer’s coherent light source. The
test solution circulating through the cuvette is optically transparent to the wavelength or
wavelengths of the interferometer’s coherent light source. Example test solutions include saline
solutions, buffered saline solution, de-ionized water, solutions with active pharmaceuticals, or a

combination thereof.
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tenperature of the test solution. A lens holder
contains one, or nultiple, testing cells, configured
w0 200808@74 | ens subrmerged in a solution, and whdTHS208TI088583
be noved within the cuvette's outer enclosure while
nﬁi ﬁl Q"kngutep ?ncﬁ)osu? (gfetﬂé c@vrf]:gt ?nc'lu(ﬂ:ts %%létoarrllfi%ﬁltlgthﬁ?]‘)n%lec‘%itons for a
nse ow 1s°conf gured I

sourcd dtttehpahaiet@irolles tesesomtaa I‘m‘HsQ)uﬁﬂ ef¢lodur€ 8l donfikliled B®monitor the

change in collimtion or in coherence length, A second
tempeityg Shvthedest éﬁltuflgm EIAS £ GCTAPITENTA INEDS. et ERABlfonFiguration, the
tempeﬁ%ﬂug (?‘(ijclﬁt%l Flts% % %E%&ﬁc@éﬁ@'e%%r% IaEt%Ut%p gtﬂg)r r}Tllg oWdEg]lﬁlformatlon
to an @(@&’Ih:ﬁrtsmpérami’ﬁacdtmllemblmm stallzllhlx:éa\hs tam;&rzahneg]ﬂ e¢lek woilition in the

h oth th th bl I ho te
Cuvettgz Wég%a?nrﬂ%fegm%&%a@ﬂ%fl mﬁ%ﬂ@ﬁ@l@%&ﬂ ?gég% sg\frgfot? gﬁqwélawted from an

opaqué %l)iycal‘aaﬁat@hla%rfal mﬁt isRRlnEaPfyN@atld [Sthe PRARY 2B 8 Qolutions.
second w ndow. [0056] The cuvette kinematic nmount is

achi eved by use of a dovetail slide, which provides
tﬁ@Sﬂ}iﬂhfyuwwwgmmnm@umﬁtbhauﬁuv@hﬁﬁybﬁtheoﬁbnhﬁnhmhhshmd

a ctri connectors sors and rOVI
contac s B @cmve CRPLIPReD A SRR sty elﬁ?%gambgd
refractrl@e%hkﬂraﬁ:ﬁtve EEntSet1ertPY, isHALORIQAInsaE, Toe WH B vP LML A EShs&s, soft
radi al force against the |ocator pins, to accurately

diffracgivd contndtilensentsbit hiybod redracthiec/didiradtive contagt lpﬂmnehard contact lenses
rallel. to,the dovefail slide. e nmechani cal.
Compf%én%k?cé’ﬁ{ & Eh?%“ﬁﬁ%%?afj é"%‘ 83‘&8‘%3%‘1585 OGS Y ARy SBE?{Q%‘F“UCM
single &MkgorVleRéea! toflB 1dnS &Y, BIfbEUD cHREMNBER S, MRu1 GBI IERe@RDshBEcally tinted
interferometer wthout any precondltlonlng to the

lensesciigaipme legses; ma@rélocql@dsrﬁes,@adhtr%@mlar reirackee leapes, Hoingrapcular
dlffracgf%a l&sg\g etﬁfa\gcﬁleﬁﬁybgl%erﬁfrgcg}ve é{l n co @Sse%{)zleca&%’%oldgmagglr nses,

renc I NCi

spectadidilédves, Sefi-ActiNG Ppdctitte lemset Nifi@vied epegiabledénsern \val @prids
of the interferoneter's coherent l'i ght source. This
refraciiy A iENipctise srectasls lsuies deecs¥RlRi ch the test lens is

mount ed. The MﬁndOM/In each cell in the lens holder is

C Rl r.cel dows i | ens
- AR 2 Rek &l HigRk 12 06 Rt AR el o p fipldfii copact lenses
immeMed In @agiognedudhta khy Gt fheremecetnde@eAdtbusing the interferometer 12. The

distortion-free nounting of the test lens in the cel
cuvettegg s desianedl & ysemginsatedpulfinlstlensse Inngeapbine gepodiment, the

cuvetttE Egg%npgolﬁ%m dyﬁeg aﬁadhq@rgseflats I?t@ Og)?ltlbg 1oh &]51) 11'561%%9& el 28 Ond the

ens hol has at | east one channe
cells asomobilowithin thé cwvettBABh Lopdes cad bavporitdveed ifor tbhmgmmvlan thee cuvette
re transparent .to the wavel ength or wavel engt hs

28, an? ﬂ?éeff’rﬁ (SR eg bé((ﬁ]f‘e?lgfﬁ{te ¥ wmge @oun %wu In it. It is also

preferably that the entire lens under test be visible. All windows of the cuvette preferably are of
equal optical quality in terms of flatness to prevent adding additional power to the transmitted
wavefront. The location and presentation of the lens preferably is repeatable lens-to-lens and
trial-to-trial. Insertion and removal of lenses into and from the cuvette 28 typically is simple and
straightforward. Lenses preferably are not free to move outside their cells, and bubbles formed
in the solution should not interfere with measurements. That is, the bubbles should not be visible

in a cell.
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test solution circulating through the cuvette is
optically transparent to the wavel ength or wavel engt hs
w@Rooslgoorft er f erometer' s coherent |ight sour cePCEKS200T/@88583
test solutions include saline solutions, buffered
SﬁqOIﬁTE %ﬁ gltnlfe?te ) CS Qflzszo% er atll%‘ r1()6 %ﬁd 'llbé OPe pOI‘ElOIl 110, or
att1ve pharnmaceuticals, or a Ycorbrnats on
caroudel) @i €RfmidARYF|thelheaei L@ coaipeisesmtigiphf leﬁ@@ll@ UVet trean exemplary
includes inlet and outlet connections for a source of
embO({l@,%fe thersarasglodOrcompeiges ¥slenseslstlil dn Eaeﬁh@llougé:,ompnses of a tapered
walls FLIP VY Enl Snfl b %‘I&?sg &QmYE‘Ps”Ifé%r iR ﬂ&ﬂpa%ﬁ%tx%ﬁo&fns at the
t test solution usin nperat ure probe.
bottonexhtiplcell oonfhicuhatidnemestd. hﬁqetcmtmemlls uoe apai oo cmmqmprse any

Spprof L PR brineD ARELR L AT B it bl a1 OPF pmprse

polycﬂ%rﬁt@tm%réakl?&late o%@é@tﬁ& %lwvﬁngf:hatrE@er%Qﬂcytd t‘HQ chibrleh®:
cuvette n an exanple configuration, the outer

lightweigbt. opaque. olfermibal cinvet and lbw vowmsibsarptien wWhidnkeps gpayuette 28
di n?olﬁrarqgnate material that is nmechanically stable in
mensigg EI%% fice of the test solutions. [0059] The cuvette

is configured to handle a variety of types of |enses,

S 82 AS Flpatdl 53% %%ﬁstﬂaﬁ% &Fan %aﬁdéﬁrBﬁ%bN&a@ Qi@(x/acf-fta portion of
| enses, hard diffractive contact |enses, hard hybrid

the cuvﬁfer%cthlghat/fmrﬁ fhreaipteirigeneasen Rogntdre ﬂ@wvew& thearghdle top window
120 in:]tﬁ? gllr%délto?l\%gta]géﬁ{lggf athldvt?fagégn ogvgltfqlioﬁg% ?l?sealer?so&/flich is resting in its lens
cell 117ehicd@Gkeh ¥eitehint thattei tN@u glﬁ) HeasoktolneRmasw 1ar d cont act
| enses conprising an active pharnaceutical, soft
contact |enses conprising an active pharnaceutlcal,
s[00gBk Ui i ownipdng embOti'xmdnc thern selgtfle Idistamcallabﬁdnﬁ BXdtin Figure 15,

| enses I ifoc I cosneti ti,nted | ens .
betweprf (8o of e o 86T yalt 15 Al ey B L20. b el 0 F 28
maintdiféd AEdughSut! tﬁé@@&tte ap, dridti§ a@gtedlo dedyf th@fetnlsééQH RS RSpective cells

i ntraocul ar hybrid refractive/diffractive |enses,

112 dgengortabigat vy, esnseempie emhediadng rﬁlsfég arerf@ﬂrr rsehey é 16 in each lens
cell llhipq\ﬁot sellk) aﬁ AL %: L{Uﬁartl%%: : bllFion eCtSﬁ IﬂowI t%posuelsl ea(gl cell 112, thereby

Fef Plve ve spec ens

keepl@xaalmb eelly ﬂQ@@lheRﬁﬁled‘qhﬂﬂﬂluhQ Fh@iﬁ}ﬂlalléed tHaethe wvigibeLof2btches 116
is a vessel for holdlng contact |enses imersed in
depictedingUvetie Phissremplrnwapd thagany prproide sumbef g @otchst @ be

imple §111t9(9 "fggoﬁtﬁt ®la6he gE(t) Ghd 12 arygé Péﬁ/ & §v1ﬁga gl?lannel 126 for an O-

esigned to accommbdate multiple Tens
ring oeg®kyl tasiy apdrpodideendeal drbendoenek twindR8 12G1200 Il“ﬁis%nfiguration also
nses, Each |lens ha cation (cel

I it 0
allows i Bido g DR PEhEER I EIFE P SRR, TR R e on a fixed

moun&ﬂ%’ &htfe 28ne Hﬁ&ﬁ@ 81aSERiABwWPOSI it hRHGEPH&N, sdeeRtd MM, to provide
hin the cuvetté

consistent registration amongst all cells 112. In an exemplary embodiment, the middle window
128 protrudes from the bottom of the carousel 110 to keep bubbles in the solution away from the
central portion of the window 128. The tapered sides 114 of each cell 112 ease centering of the
lens, and do not deform the lens in any way. In addition, the wall sides 114 aid in unloading
lenses, as lenses can be slid up the side of the cells 112 and then removed from the cuvette 28
once outside the cell 112. Loading and unloading of lenses can be accomplished through a door

151, or the like, of the cuvette 28. In an exemplary configuration, the door is attached to an
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28, and preferably are not deforned by the cuvette or
any internal nounting within it. It is also preferably
W@ b@s/ostoed entire | ens under test be visible. APCT/US2007/088583

wi ndows of the cuvette preferably are of equal optical
1nterlo%g gsetell%tﬁa ktpggvgv;}% t%ur% l )tt?lg f]’rg\trfﬁo s? AR Wzgt%ce a?%uns?lgroﬁt]ign when the door
is opeh.OBtshevialanél ipregaired et work vikh thegerlsed) Sorpx@i@leadiwabl &in be used to

eatabl e lens-to-lens and trial-to-trial. Insertion

“@ﬂiﬁﬁgﬂFéﬁ%VQI of lenses into and fromthe cuvette 28

typically is sinple and straightformard Lenses

aL@%nggt} erarrglfdgegt eaflsru?eteni;'en SQ mtultlé) ses Hl h% mCterferofneter 12 with
no usdr AdcRiirefiests Wintald dSEE@plafﬁéfﬁl%(ﬁmeffhﬁé 1ﬂtérferbl|ﬂeteb Ubbb@fols the cuvette 28

shoul d not be visible |n a cell.[0061] The cuvette 28
via autoaAbiciiRdeX NGy tAsHomatY Biderpe satbe egompHehedgiia AHRPPIGRIiag means.

I 38

For ex%g{p?e%;' gﬁeﬂvéﬁesﬁfgg nlr%a@% atg Q/}'{nnrhtgtﬁr %’(ﬂv %&sgr anrgg&gi:a%r%géve signals
from théent@ésromseel 1110 aorher esespld @n’ibednmaﬂ:lelrhcﬂe ]:dﬁlrol Eacdntained in the

. cell 1 o rises of a tapered wall ch can
interfeEyRF (S }115@83 15y Eppuyol CEHARRAILIE £Vt 28 1 .ﬂa F@%Whngﬁa the
1nterfé%rﬁgt@¥"l Li-% vitles b %aﬁ@f&r 9&‘219(% Ih@f—‘mﬁ%ls byi@ndviehe DRE ThENSEN be
rests. e outer walls 08 can conprise any
accorr@bphedpfqr axampiat ey wsglof algf;ala helexéampl, rck astrbodimarthe likher a
b ter.walls 106 and 108 conprise pol ycarbonate.
COHllﬁﬁFVHB?ﬁB ate provides the follow ng characteristics

to the cuvette 28: Iightmeight opaque, chemcally
i 5] 8ndrd praMadien 80 16(%:1&18&}1 KRRPSad doen 1
cB%%t%e ggrdine |on%II bIepl 62a Fi u?e 1§Hmesamnge

motord32j 4 gaasboal 34 rpuﬂéysalr%eiqz&dé@,ohndracgse@ddleltdﬁal The eavousel 110 up
ortion of t cuvette Light fro
enrough PR niliey (Rt iRuiGed i GEEvitSast fsaupior 2. eear box
134, dti9® pullydy, dZdtehfohdtPullbyseitlol DO iREd @nhisINeAR vithdehe interferometer
travel S down through the I ens which is resting inits

12. Cpmhsng@@wrs between iy quivelte E;dlew§36wed cered belt 144 whegihthelsavette 28 is
an..exe

pushe? hnto alel 1V\%ePfd J%Vr\llile%ezr 2, ['19115 té/l) € pL oulphag Egjgfll(ﬂ:rs %;F%%{P%%Qé ein]%géément around

istan

the publley, wedidghBe bopitofitytdielipRigs. TRE lary@drhoudnt 4f &Eglllgéﬂﬁemtdaﬁbs starting
w ndow 120. This small gap 124 is naintained

and stoPRRLGHEHE Fethore UlAs ESE8 In GiFYFEMAEs ighaad thy fedhliphe! the belt
mitiga rﬁﬁ? %oﬁ %’t\{/eemﬁ@fﬁ%wr\ﬁﬁ gﬂété :!A]l %fl&%l FHehOPelt dampens
SO, | % é ur

exenpl ary enbodi nent, re are
any bagklasin ﬁﬁroﬂiﬁcﬁedl by thaﬁi'a)tdr_dr?oé daid deiigﬁ keéjoxtcrahﬁrsel]]]lﬁ salspemzled' no part of
the calgpglgqlcliégiléleéi %1'8{1] H&S(;cl)loltjt%hloo t%lf? cuevaeale |2¥ fTLl%Vf\:/htrnQIrlzggs III]ICthIl 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
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keeping all the cells 112 at thermal equilibrium It
i s enphasi zed that the nunber of notches 116 depicted
WO po0soswr4s e 28 is exenplary, and that any apprB@I/Us10e7/088583

nunber of notches can be inplenented The out er
pr0V1deM§ ég'? \3'5?1 sgaﬁ)% ar\])v e%%l%e %V%%éc' %§?pnelgte %ngfiﬂfeaoeangt%rg gf'fmd positional
smmmﬁﬂﬁwﬂ&uﬁﬂamdmmw@mmia@ 122. This conflguratlon al so

all ows the windows to be tipped and/or tilted into

alignnment, rather than relying on a fixed nounting

s[ﬂ%ﬁb F@tﬂee W @ditep gicasef ani iHdwietion 8f p sudticpositiepipednechanism. In
an exem ?arg Se{n%o?i ment, tﬁ P%%\éolnd? acc%ﬁ]lsl ﬁt H?termlgec?r%%? to POC?IOI‘ P]ﬁls which are

cel i @n ‘exer

part oﬂXQ’db@tw nigavd k28aldoaitiondes, Ifeﬁpwu{rélﬁ @OmbﬁféﬂWltﬂ ®ose- flttlng
carousel 110 to keep bubbles in the solution away fr

dovetgihtds g}q{twgﬂocﬁg?rtgl]@)srpr@yld@ F@eﬁah]@d@nq_rggtlcai-ﬁ%slql%@g @thhe cuvette The
demgn%%i gs%%ﬁlkgﬁtll%g/ ?or nar qutcjétglogl ﬁﬁ%gﬁ&%ﬁétel%bqgeegﬁg%? iqéléwﬁ%%ldes
manudl hetatied :lln(BlB dbschtd 4oradatbty pupnicsad pmgh bems sayvoried Ibem\éeen; the

id up ide of the ce]Jls 112 and t hen
SPfOCliﬂéﬁ%{? %ﬂ?%ﬁﬂ%@iewet@ss E%é%de BR e gesteRe Tiﬂe aftugtpparm 184

and crh@ﬁgﬂ dMh ﬁ%q’vé’rﬁla@ ?gllr 'i‘(gpl%fvldeea%?lﬁg ¢l ?or@&%ﬁﬂﬁllde%etﬁe cuvette 28
hr ough a door or the of the cuvette . In

pressedragmsnbfb Anylocgnf I%ﬁmmitthemdlatl fh@atimdﬁS vl atatiad fmde tThus the two

armns (latiB St et Spg Re S TSR oot B it irer, «

open No special tool is reqU|red to work with the
85 ARSmAXARREn A&y A8 WS By P INEY 152 de Figure 14
tﬁmﬁlgnsesrn 0064] gas rdefgﬁgke neasur%ne&% W% igure 14)
locatedmist bgbw thcesp;ecskewl 501 TltfeﬂagstléﬁﬁmmmetWh p@slhmttah semgors 154 attached

to the SR Eerp ST O o B UNFRgie s T B vaTae 23Oty thefrags 152 trigger

the poRidbRATREMGrd TFLE¥hRS: théMeAARbMEnan BRI MY afd@theR8top the cuvette 28.
acconpl i shed via any appropriate neans. For exanpl e,

Only thipe cellpesitien s@isersd SR avelabeled tvrigwistlSriond sakmf@sleplnmty The

cuvettf: EQ 18 sl e(}/ torn%ﬁl(lerlnvz% it nl%‘ ngsthe {oagf]:c{ f'f]:nses E_‘t%rlsf&?eorsqlomng is 1ndependent

ano er exa

of the @@Bh&iifie dsdd‘totrb@tel thé eliefte QBETRE rriloZors anﬁbly €88t :@aRtdpMased off
contained in the cuvette 28. In this enbodi nent, the
signaly fparthe potivensl sermorsrlddi Noscountyes Ather BlotoetEinEHAreuped to determine

cell p(ﬁﬁ{oﬁ‘ﬁ Ho‘rf@ é)tolgﬁ ;/)ﬁ ETSﬁgtlgﬁ ifed T&in?%zﬁ?@ aﬁ@hrﬁl&ﬁ OF el %bgtge d28 with the

for exanp a gear aln, rac

interfepometonl2r the |i ke, or a conbination thereof. [0065]
Figure 16 depicts an exenplary coupling mechani smthat

conprises a single

[0069] Figure 19 is'a diagram of an enclosed cuvette 28. The enclosed cuvette 28
provides temperature stability by circulating solution between the cuvette 28 and an external
chiller (external chiller not shown in Figure 19). The design of the cuvette’s interior allows fluid
to flow through and between cells 112. The cuvette comprises three elements for fluid control: a
temperature probe 158, an intake valve 160, and a drain 162. In addition, an overflow coupling
164 is also provided. The temperature probe 158 provides an electronic reading of the

temperature of the fluid inside the cuvette 28 near the measurement windows. The intake valve

160 and drain 162 provide ports for solution to circulate through the cuvette 28. The intake
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notor 132, a gear box 134, pulleys 136, 138, 140, and
a grooved belt 142. The carousel 110 up through the
w@ess®w7pul | ey 138 are contained within the cRUBUSH®O7/088583

28 The notor 132, gear box 134, drive pulley 140, and
portioh 3V P B LIAYGIRS ey 81 MR FEMEBOTRA & Ml Begric e
cuvett@ aB| B¥e nddkeantyegearad dbaihtl61 fderfdre Rvithhie exiéaial €hilér dndl pump

pushed into the interferoneter 12. This type of

througéldulgﬂsleﬁglp@%wtaé%e YygeRridcatingengagenent around t he

pul | ey, redu0|ng the possibility of sllppage The

I anmount enent eas sta in 0

80 S TR SR8 S PR e for
utilizi@eratd¥eonk h@lysbﬁ {ol bt contattiendsel Tedding Iagﬁhﬁsa pdar @éifbllféhd:m@avefront

bet ween the notor and cuvette. Al so, the erX|b|I|ty
enablegfthg dréergunation Aipheabsalue lBaTRI e h Thaticsense Ebdyypmipsnge due to the
immel (R ofeEpsel i SIHESOGpH 5 £F8 HPLonkd By BRBARERTIs be ested
w1thoﬂithbe caewE il opBcs ditutlserehdans nﬁtemzwﬁrrg the bolk peomctr sf thetlésn This

tic frict and her eby rove osi ti anal

meth0§éle PEEM 1 m@s%plw Laidergriam o TES? Mty fﬁfﬁ &eherlyﬁ lgnses. No
assumbﬁgtyisrn%gesg&?r LR T% %e thPCoOSIt belfiedRd RUl th&Ys ﬂgb%eél"is the

mat e regardl ess. e tensioner pulleys 136 can
prescragptijon of 8w tes lenseded t o keep the | oading forces

consi stent. The robustness of a belt systemis

ble for use with nmultiple c ettes 8. To. load a

cﬁm%af‘e Fiamre 10 6 ey FHEER o Bheam @0%‘%2 orgligatngdletegtors of an

1nterfér§m§t'ef%1ﬁﬁ pHsRE %ﬂébtzﬁH ?%%:R}léfroﬁm AkRN QHQHQQXI%{JEH embodiment,
(see Figure 14) he cuvette 28. The dove
the camdmp (og b desmgmglcamleras?cfﬂamdl th¢ ycienve cambe Zwet dlign@Bpiier to testing a
ted th the interferoneter 12 and si ti,onal )

tens. ZBEeA bat G GG IR Ine SRS oo BOaF YReg P dhe science
camerd’é 3USodrdifite Wse.0fo aetohlplivs bl @ihai BfinAge Pyidt fnfhe imaging

posi tioning mechanism In an exenplary enbodi ment, the
camerh'34tis sricastd andceqdrresaanding idwee prinkisciclyming in disaicisnce camera 34.
The i[f)"!(%%z:??v%%qa 4%1det¥1§ gacgftérlé:Ofcar)I(lFYra ﬁé‘lﬁfgr aél' %gst 1{1ﬁnz§n%catlon capability.
Also, theQafrefak chn Aigfed VRt Sdctivd dHift it RexisWo-ak BC aiddér 1Ptakidn of corresponding

provi de repeatabl e, kinenmatical positioning of the
imagepqidt-t e. The designed coupling allows for nanual

rotation. The sprocket 150 (see Figure 14) provides

”ﬁ@"}g] po?:]aéxa%é% 221? Inic’ ngl %%ésgsgad e];s]to t%rsg?f): {) cq(gz% & reP Bs§ %avmg known
referemdétﬂitft@r@ aelisid t%@t@rﬁlfme tidéRitiofsHip bé®aee thel tﬁbesaanfas. Figure 21

system The actuator arm 184 and crowder arm 186 work
showszd examplettarest sos HES. alhsgpigghlend Adfeepmipsisee taptfioBeenkidegicles.

Examf)lg ?mﬁé’levﬁ;iﬁtel 8H%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 O 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 ms.

The magnification of the second detector (e.g., the imaging camera 38) is determined at step 168.

-20 -



pressed agai nst the XY |locator 146 and the radi al
| ocator 148 via a radial force. Thus the two arns 184
warasA8®7£nabl e ki nemati c | oadi ng of the cuvetPEI/ES200T088583
the i nterfer omater. [0068] Automatic indexing is
The n‘ﬁ%rglgﬁ‘l njogé € a[g\{\r%e(iea:;]nee\f\% srrg gﬁreg%olléng( eIf I@t%&:pelgéfr &16 location on
the x-axit ef tﬁla@ﬁeﬂbletdam@@s’jél ¢d?fb@borﬁ1@r[gst©rtﬁe b24kidat df&ﬁehﬁdxisQodah'en Z€ero on
i nterferoneter as shown in Figqure 18. As the )
the 1m@gll,ygtcg1@612838r1§,flgtt:g§me(ﬂ. hEhig ﬂ%g:@goq_gl? %ﬁg—@)@é pf thgacience camera 34 is
[ 5
e R e ey tha® ALEH oh BETY-BEF D" B RERR Ry fra o4
correspaslifig @rths Bmamnsoﬂlﬁéz yaixes lbadvehedrd on the (jma@ng 8arf1€ra 38hedetermined.
sake of sinplicity. The cuvet 28 i s sl

This logalippy thegy- ’flaPthﬁg?CIFﬂ‘ée (gsHR Y [sdRtcaed tﬁﬁ fn as Jo. The angle of

rotatidP@BdifeRALOGetheer MASRRAGER L] 34 Ity B ERaRhS Uﬁrﬁ&%@ 8li®determined at
rotate the cuvette 28. The notors sinply Start and

step 134.0phib asgd obfdtatginghdiffsrehromrefesrep tshareiornalds.s dnstop 476, using the

154, No unt s or othe ett
deterrpiBe b yGIoT 0B s str P D dirat bt B ge bt dRs et tens measured
in the U688ng Garhdth BB M ¢cA@edd t@)rtH@EErr&Eoﬁ(ﬁ Ry NI A tRBsAMrich camera 34.
the interferoneter 12. [0069 ure 19 is a diagram

More el Yo e aben ot v o 20, Amfifl st IGed e euvor fis BBEnE camera’s
38 cocﬁé@é\ggﬁaﬁ%\qg&%sﬁeﬁgg 53312%% |34tc¥)op na% éfswnﬁt ing solution

e cuve an extern chiller
(external chiller not shown in Figure 19). The design

of007BE EMPétatnpie éMb&dimeht, el RWRIiAdtel il thdcdor@natk RYREIERS the
and between cells 112. The cuvette conprises three

sciencg [cameitt X frdeorverpd fremrhe epordimates ﬁ%@ﬁ@?gﬁd@aﬁ @@@rrggfgthe science
|
camer%\%‘oerraf (%o?rlég%on%n}\gepo}@t]}% igcg)gda%]cg at'lﬂhé‘?oﬁlo&/u?gr%%ufal on,

tenperature pr obe 158 provides an el ectronic reading

of the tenpegraiyrg,of. 1 flalhghihside the cuvette 28 4
near the rreagsutr(}grre%t SWI 913Célvvsg'bl )ThIe 5|Snt gke val ve 160 and @

drain 162 provide ports for solution to circul ate

through theycavyeat t8n B8+ yl hevsigyt alepor kh.on al | ows (5)
solution to enter the cuvette 28 and the drain portion

all ows sol uti on to e_xi t t he cuvette 28. The i_nt ake '
wherey gl vepresedts and-atisaliopatib@an ithet ssrehae eanpdrg horr¢spording ke x-axis

.chiller and t.hr oygh. t ubes equ
ocatiibEr v EoR 0 PHALR (OB it P rarEa dhe < filpggtion in he
science WXk oA8sIn@Migde thedy-¥tid Mcatioedhad camebpsiEhe P’«biﬁl@fn the imaging
utilizing wavefront anal ¥SI s to test contact | enses.

camergggs fepepsefathesnagnifitaging ot thefseicaercermeny 84-rronepiepeiyi &s
magmh@gtlo%e&fqﬁéqn%tﬁé&n%ra g@%{ ?%ﬁg #IS%{B%E)@&U(R]OX}?&IB X- J}&s of the science

rease
camera 34 of the x-axis location zero in the imaging camera 38, yo represents the location on the

y-axis of the science camera 34 of the y-axis location zero in the imaging camera 38, and s
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
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i mersion of the lenses in saline solution allows for
a wi de range of prescriptions to be tested w thout the
wais@sosoomul | optics or other neans of renovi ngP@TESIHOT/H88583
power of the lens. This nmethod and systemis
p l.e a W de. v .
captur%g hlgirll %1? u]IaElgn I8 conﬁgted%r &b Xm%ﬁmg ¢ rﬁlgriﬁe Sdsoglrpy%g%garrg?dnuéatlon

resultd 1h&1 VayiRefopachaitel loe t}fegnﬁeﬁsﬁeﬁds pableln ¢dpadred By ﬂ%&dﬁgmlgi‘camera The
the prescription of the test |lens. [0071] Figure 2

IS
modulgtien el @dﬁgt}ﬁf&;ﬁm(g}ﬁ @Wp@wﬁh@@e efoé Fheéprllsg M glhpse is fit to the
t
o L5 0 20k 05 LOBRCR GRS B e
predetermioed)meayiping dypatanehiadetreniged cdntte winialy rdmesemnmh[eaceﬁi&:r of the lens

and science canera 34) i gne ri.or to

as capfigied fw@e MPgRg CARPTAg ITRRPed &@P %tg %fgthg e garReE. The
appropriRItAbnCHTRS Rtctedchct Peficth Q%tﬁreﬁﬂﬁltﬁm&é}l& Q@m@ﬁ' i$MHaSked to leave

canera s 34 coordi nate system To acconpli
ﬂwregbmgﬁm@neﬁ0éﬁwdﬁ&gé%pdmnmnnﬁdWﬁweﬁmugﬁMgs ef igteB8t is

el.ect nd a corresponding inage point is

Conunﬁgig ]ﬂgﬁ %yiﬁe sci ence canera 34. The image canera

38 and the science canera 34 differ, at least, in

R75] | ¢RL LAk aRARIJukd Mescﬁi)éﬂierélﬁ%aﬁ %ﬂ@m@@t@d ¢ EdrBibction with
in respective shift 1n x-axis, y-axis, and/or rotation

hde@m(U@DﬁwgpomdwhgemnmgpanJwtbaCPmbﬂﬂmonﬂf@nhefhwpﬂwrnahodsﬁﬂ

0 a. test t a targ
e ol AR FErraRiT N e seh pPlons S dRsAEin 4808 or
portiofi€theredt, Ran tdke titohio® Prdiren REINELN itshctinR) 6@BBIiddin tangible
Figure 2 1 shows an exanple target |ens 178. The

mediat gich@p ﬂp.pmsdliszgte.g,(gﬁlafﬁ@, s, haseh dg vese enany atherjmaching-readable storage
mediu)%if g&;(rﬁ%ge?na :,ng%%%}éé; Sﬁogéang/'?%d)?ﬂgfbaﬁ%é Sl%j‘gﬂcg@xegltlte(gbgg né%’ﬁlﬂe, such as a

compuitér, Heghichindlbecbxa@l fparm@efoptienise dBiatdtasorBett PR tiadsmitted
of -2 on the x-axis and 0 on the yaxis. This is

wavefepif gsdpg gklepses. 0) in Figure 21. To calibrate the
detectors, points of intersections with the x and vy

a ngythe circles are d. Using the .t
t E]raﬂzgf’ L}he 2 Prograny L_p nebe pan geen%esnte in assemﬁlg Qr machlne fanguage if

desiredetreinyi dﬁ@@i th@“lhnglags cdbbe a t:dilﬁplﬁag(m ihiegittc@® Ehn(gflagieh &nd combined with
first detector the science canera 34) is

hardwa@tlmp%ﬁmféléaﬁovhe!fh%@lﬁtm% faritegusstof iMerferemsty éordaaf?émattquwavefront
testm%@ﬁC 168 glsB Q6L ﬁll(agtlc%ﬁ V[E% Iﬂ-ﬁﬁm@?t%s ehﬁ%hfeggxégﬁei fgﬂﬁ‘ of program

econ et ector € I magl ng canera
code tﬂatletrmnsmdechd)va tepe teBsnTik@omagdivin, cath orovef elettecal wiring or

| amera is referred to herein as il. At ste
cabling ABrougR SOFLEH o GhATHENS: o &F POt e Qi program

code 1§€ec€i‘%<’i esPRAGL St Shdl BBUOF BY h AhcRine ! S48 %5 FXEPROM, a gate array, a
| ocation zero on

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.
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the imaging canera 38 is determned. This |ocation on
the x-axis of the science canera 34 is referred to
wheoosiosnoas x0. At step 172, the location on thECHUS200%088583
of the science canmera 34 corresponding to the | ocation
gOOZI?f Whali% the utho%Ilnﬁ%Ir‘fero ?rl){cfgr ttr{l}ﬁsmllpg(pwn\%fr %FF ting 08f lenses has
ern1ne oca e y-axis o

been desdribRd én CaiRE@orBWith shef gheipleathbcdimeftebNthasaous ngwes, it is to be
angl e of rotational difference between the science

underiggbaha ghergigilarranbodipimycadhfersad sgnedifigatiensmndagdigons can be
t T
made ﬁ) flg Fi%%glbed th?cglfh%hg Sf&f q%&ﬁplg\iﬂg()cﬂéllsan?%%ﬁl@{ﬁgﬁﬁfgr fh% use of
1nterfaﬂﬁhetlry’rfcm ednvaltieé svastiront testibg of tensesowitlarnd deatitpetherefrom.
r of the tar | ens nmeasur ed

There%qxiee f‘lnlg% gnttelg%gg]gtnrtg Or: tganémwae%?rpgt tesfing of%enses as éescrlbed

hereinGRGAIEHBPHL ifAgted Q)Czﬁ{y' s@t{glé me&ﬁm%ﬁ! BHCAHANRI B Béeon¥RI&! in breadth
general ly, the val ues of ms , X0, YO, and gs are

amiM@p¢h1%edﬁamxtmdemﬁmphadnhgnmg canera's 38 coordi nate
systemto the science canera's 34 coordi nate system
[0073] In an exanpl e enbodi nent, the coordinates in
the coordinate system of the science canera 34 are
converted fromthe coordinates in the coordinate
system of the science canera for a correspondi ng poi nt
in accordance with the follow ng fornmulas. xs = (xi
*cos s + yi*sinqgs ) m/ms + x0 (4) ys = (-xi *sin Qs
+ yi *cos qs ) m/nms + y0, (5) where: xs represents an
Xx-axis location in the science canera corresponding to
the x-axis location of the corresponding point in the
i magi ng canmera, ys represents the y-axis location in
t he science canera corresponding to the y-axis
| ocati on of the corresponding point in the inmaging
canmera, nms represents the magnification of the science
canera 34, m represents the magnification of the
I magi ng canmera 38, xo0 represents the |ocation on the
x-axi s of the science canera 34 of the x-axis location
zero in the imagi ng canmera 38, yo represents the
| ocation on the y-axis of the science canera 34 of the
y-axis location zero in the i magi ng canera 38, and Qs
represents the angle of rotational difference between
the science canera 38 and the imagi ng canmera 34.
[0074] In an exanpl e enbodi nent, the interferograns
obtai ned fromthe science
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canera and the inmaging canera are conbined into a
single wavefront for a portion of the | ens under test.
wab@siostoes f erence patterns at both the sci encePCHI$2087/088583
and the inmagi ng canera arecaptured. The nodul ation is
What & #%%9 for the imaging camera. Conputing the
nmodul ation results in a value for each pixel of the
interference pattern captured by the inmaging canera.
The nodul ation is used to identify pixels associ ated
with the edge of the lens. An ellipse is fit to the
1. Algherdstihg %ﬁaa@tﬁﬁ&cﬁn@mﬁlghe center of the ellipse is
determi ned. Using any appropriated (e.qg.,

ph eslgtesmignedh: F@RPI Ng equation, the determ ned
center, which represents the center of the |lens as

C | | Se: . e

CRUER, Bt A0 LIRS CATES e PRI Lyt e i it
the refefentdrerni;nt er f erence pattern captured by the science

canera i s masked to | eave the region of interest of

t hQertieMest Ahe that an@mFipted vawﬁfagma s€donll Pbiohegitcobbrent light

interest is conEuted or further analgsis. [ 0075] The

downwyaydjwithin thecsHicghiest s shprayamertsphpah iength ofie Eieteg equal to
[ ' ' r re or software or, where
ano@%%b?%%?%%?%%ﬂ&?%%@g %ﬁg rnation of both. Thus, the
net hods .for the. use of .interfer try for transmtted
W CORHE s b iR T B S G R e o ABPEt
portions_thereof, can take the form of program code
(i.e.,aFW§FFd@FFHh§TH%aﬁbﬂF B9 2dngi bl e medi a, such
as floppy diskettes, CD-ROVs, hard drives, or any
ot her RRPrsaRthe saepalpertiqngidbechstant Hightdosmayasd thiprgh the lens;
the programcode is | oaded into and executed by a o
na ikt detectouernfipgired te oeqoud. @ a firyigesolitionnefitsé poities oha combination
npar s f t of | o f f
of the FEREAI A s SR A Pt B FORTRE fkert R gmpansia second
portiopbd eash&Entdaht pphgaingTemh €@ tbdl agasarbl y or machi ne
| anguage, if desired. In any case, the |anguage can be
aa GQORH UEECOF corifioldAt8t@drd, ANY HRBRd r&BFhitIGANDIRBEH Ybriibn of the
hardwar e i npl enentations. The nethods for the use of
combinpfiay ¢fdho frest pgrtiop of theaneberient leght weapegatingtirare she nafprejfce arm and the
enses so. can he practiced via,.c ni.cations
second ROBER of R oG R b RP S ES AT (BERY ™ §
transm tted over sone transm ssion nmedium such as
over electrical wiring or cabling, through fiber
optics, or via any other formaf transm ssion,
2. Arppiagtys ingres dnes Wiogria -carEein dhe s bolsferdorinAris e epmera.
into and executed by a machi ne, such as an EPROM a
gate array, a

3. An apparatus in accordance with claim 2, wherein the camera comprises one of a CCD

camera, a CMOS camera and a CID camera.

4. An apparatus in accordance with claim 1, wherein the second detector comprises a camera.
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programmuabl e | ogi c device (PLD), a client conputer, or
the like, the machi ne becones an apparatus for the use
w@Roostswr4 eronetry for transmtted wavefront tRSI/USPOTO83583
| enses. When inpl enented on a general - pur pose
5. AR gpg)%?a‘?gsoﬁl’a{:éol}garg:g .C\)Ag{hac ai%log,ewﬁ:e?el S Vgrgt Icfj%nt&?ﬁses one ?f a CCD
processor 10 provi de a uni’que apparatus operates
camerh,(n CRMOKEanidrg, dndnatliDogvaddrd.y the use of interferonetry
for transmtted wavefront testing of |enses.
Addi tionally, any storage techniques used in
connection with the use of interferonmetry for
6. Af ﬁeﬁﬂ%st ﬁleclgcé?@é/&fa At clﬁiﬁrc’f,'\ﬂ%rélfl theEMICEAY it @éﬁﬁf%/u\#ﬁ 6 record an
be "a conbi nation of hardware and software.[0077] Ile
interfer¢ree bsveph thenfiist patiomef thy cblerentrieghs pioptgdingdroai themtference arm

testi of | enses._has en descri bed in connection
and thg 8o e lop e B A s B s EEEURY gur s,

it is to be understood that other sim |l ar enbodi ments

can be used or nodifications and additi ons can be made

to the described enbodi nents for perform ng the sane
7. Af ppetdtens acenrdanse wideclam |vlerdia thaiiist spselption is greater than the

L1fted wavefront testing of |enses wthout

S“mnééégé’l%g therefrom Therefore, the use of

interferonetry for transmtted wavefront testing of

| enses as described herein should not be limted to

any singl e emhodi nent, but rather should be construed
8. An ?»gpaisaé%lpr%%&'}ga@e a\a@i b agrn e WK 4ot espatrises a camera
configﬁlréﬂ' tBBecHhhn irﬁaggo@aﬁﬂ%gﬁre]lensA I ens testing apparatus
conprising: a source of coherent light; a reference

armthat is configured to propagate a first portion of
the coherent light within the reference arm a

vertical. test .armt.hat .is igured to propagate a .
o ALGIERE e R bR LRR R B ARGEPR Qo posidoned
betwebhhe \L6iiick 6l the@sferedtMmrnieeedin tiddcolihhted lepais Roh@nGEd 1o

of the test armis equal to an optical path [ength of

t BQlifelahe R ré Moh@prépatatihe fibRathe kSurBOahg i oned wi thin
the vertical test armand configured to: enclose a

I r ' ol ution; and propagate the second
pggéﬁéﬁpggcﬁﬁgn%g%ggght l'i ght downward through the

lens; a first detector configured to record, at a
first resolution, a first portion of a conbination

10. An apparatus in accordance with claim 9, further comprising a first beam splitter positioned
between the collimating lens and the reference arm, wherein the first beam splitter is configured

to:
propagate a first portion of the collimate light toward the reference arm; and

propagate a second portion of the collimated light toward the test arm.

11. An apparatus in accordance with claim 10, further comprising:
a first mirror positioned at a first end of the reference arm; and

a second mirror positioned at a second end of the reference arm.
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of the first portion of the coherent |ight propagating
fromthe reference armand the second portion of the

W@ 008/080074 | | ght propagati ng fromthe test arn PERUS207/088583
second detector configured to record, at a second
resol ution, a second portion of the conbination of the
first portion of the coherent |ight propagating from

the reference arm an he second.portion of the _ .
12, ArTREREHE I gD SAGA ol PO BeytsSimiGiogy Snfigyed to shifta
phase 8PP aé1Sgth Bf BRARBECRNGE ¥ thb cEllipiatBdlighwherein the

first detector conprises a canmera. 3. An apparatus in

accordance with claim2, wherein the camera conprises

one of a CCD canera, a CMOS canera and a CI D canera.

. I [ Col: c e lal.m - '

13. AP o G Sy GRS St el g WORB AL o per
materiah accordance with claim4, wherein the canera

conprises one of a CCD canera, a CMOS canera, and a

CID canera. 6. An apparatus in accordance with claim

1, wherein the first detector is configured to record
14. B agpRtafls\if e EarRe MR Tt A, FikfiRt cHRPiLiRDa AcohBBeam splitter

cohérent |ight propagating fromthe refefence arm and
positiaried bseen thepefarénya aoh ahdh éhecloiiedaterior] ang thetwaeo pleegtastiang and the

romthe.test .arm 7. An appar.atus.in accordance with

second fiffion g s ohond bR adoFUTi st e o et or ¢ han

t he second resolu%ion. 8. An apparatus in accordance

WECHVE Fightyfram e Hefdenee @B second det ect or conpri ses a

canera configured to record an image of an entire

| Eeeive Yghtarorg thetesttali@s i n accordance with claim 1,

further conprising a collimting | ens positioned

beermkie at lhast g parte ik tehavedlightdrene therraferanae pan withrae least a

col l.imat,ng | ens i onfigured to: collinate the
chgP%ﬁfhfgaﬁ‘w%Hggg &Pﬁhg&?f%HFthe sour ce; and

ro ate the collimated light. 10._An apparatus in
P LOSRR s s e f o goine fehese tho s 1 SRRGS BT !
beam splitter positioned between the colljmating | ens
aP@vidse seednshkRaden of the combingd Hehtda the sespndydedetedpl i tt er

is configured to: propagate a first portion of the
collimate light toward the reference arm and

15. An apparatus in accordance with claim 14, further comprising an imaging lens configured

to:
receive the first portion of the combined light from the second beam splitter;
focus the received first portion of the combined light toward the first detector;
receive the second portion of the combined light from the second beam splitter; and

focus the received second portion of the combined light toward the second detector.

16. An apparatus in accordance with claim 1, wherein the lens is a contact lens.
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propagate a second portion of the collimated |ight
toward the test arm 11. An apparatus in accordance
Wawaok/0gldoad m 10, further conprising: a first mPEDUS2007/088583
positioned at a first end of the reference arn1 and a
second m.rr 0SLti.on end o
17. An i)ra%ﬁ%s AN grcrﬁrqaélce &i’]t% C?algl?fatwﬁlsei i aggorc(ﬁaén rises gr%ehof a hard contact

lens, aCHa&ﬂ refiattiverugitek fenk haehzfrdi diFtradtivielcohtatSle 6D afhlagiMﬁﬂldt 0
shift a phase of a mavelen th of the first portion of
refracti yeédigfgdtiv repriactensnt “of gontgh leispraiolt iggrastivesopBrtisAp @ soft
diffra %;Igoﬁ‘éa@t' lgﬁslgt’sofﬁ/ﬂ%ﬁd féfltapt?vef/&lff?atctl% Eoifthe écfé}ﬂpcrl haﬁﬁ%oﬁtact lens
mat er i al paratus 1 n accordance
compm':di@ an dctive ﬁ)hﬂl&ﬂ?@éutmmarsbﬁlcngtaet lsmm@rhﬁgransmhvé pl@rrmaceutlcal a

i RSS b hBTe T A £l R1ES AUm AR RS LLeStean dnea e

a freei@ﬁ{l@&{soﬁn int8E R MNedNEn $RG8AHaDeAR ERNEL 8 idtRocular diffractive lens,
configured to: receive light fromthe reference arm
an mtlrae@éau\)fefbhdg¢ﬂracltlrvg’mff1hq1weésns an pgcoowndsiatiag &ns) espsttagle lens, a

rfiacfid spegitederr € T F eesteRt ke bkl S GHE Fra e pesecl

lens, at c%%{poﬁﬁéﬂenp&ﬁﬁpl‘iiﬁngﬂa plukAity BPEMb&IN@makdiRil afdh PBStochromic lens.
light to the first detector; and provide a second

portion of the conbined Ilght to the second detector.
15. An apparatus in accordance with claim14, further
C IS Eﬂgghﬂ ens configured to: receive the
8. EHP&S§%$QH%EH t egggnblned l'ight fron1the second
received fi
Ry ieh b Pt 77 o 58 st blrib Bl ShefiCheam of
sngﬁnd portion of the conmbined Iight fromthe second
beam splitter; and focus the received second portion
0 fitBeGRURIiMELohti @lbd EOWRE theleBarkiRd @BMint R LI Fent Q@dm of light
An apparatus in accordance with claim1, wherein the
| wglensthareon imtae firstenlinidted grheegnpbeaan o8light and e seatad cellimated

bea

with claiml..wherein the | ens conprises one of a hard
c‘ﬁ?&%?%ﬁgﬁgfhéﬂ gfg%fractlve contact lens, a hard
diffractive c ntact l.ens,

a ha
refract e\fg?ttﬁo Py F%r%h? hd%lﬁgorr%s LGRS UL Egference arm
lens,  @abRicksehBhIlPGH YRy GRNIA frb@Mfe fit 88fifnated coherent beam of

light; and
the second collimated coherent beam of light forms a test arm;

an optical path length of the test arm is essentially equal to an optical path length

of the reference arm; and
the test arm is vertically oriented for passing light downward therethrough;
a cuvette that is positioned within the test arm and configured to:

enclose a lens submersed in a solution in a manner which mitigates optical

effects due to gravity; and

propagate the second collimated coherent beam of light downward through a

lens;
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diffractive contact |lens, a soft hybrid
refractive/diffractive contact |lens, a hard contact

WO 2008/0800MPr i Si ng an active pharnmaceutical, a sPET/US2007/088583
cont act Iens conprising an active pharmaceutical, a

S| ngasg mo u:l ook co%ﬂgﬂreg tot gﬁer an ?P 1241 pfla l%loff %{clé‘ lo{ &1% '%tré’} colhmated

IeH 17%%¢4 ["ens, a co z{ cal Iy ens
f Ecﬂefe@lt bedre osliglannd e 2061 @II1ih @88 colideritbeiR0e Uk
refractive lens, an intraocular diffractive |ens, an

| RtdRAE YkAH dhf)(@srr icBnfi@fre A&t pryeide |affi‘r§t%6¥ﬂb‘i/&d|b%ﬁ‘r§,ané@ second
acconnodatlng l ens, a spectacle lens, a refractive

s%@'@la@d beaneh combiairiefthe st vélllgwé?eit@bﬁr@m lesag ofdighy brapegating

| g o qc%‘i) Innj\é:rgéugér%%r{tgg Ble\écre:% R In%e gﬁc?ﬁ%'e %?-Fl(?%g 8 ma(f ocgc.gr)o?é{en? beamdof light
ap iR Tm theltearm LSherAnl ens testing apparatus
conprising: a coher ent | ight source configured to

provi dgeais@vpdndachesd! fripmhed it PRk anécppam of 1ight;
a first beamdivider configured to split the expanded

col I %%%Qc&HQ%Fﬁmed%%%WﬁﬁpéﬁhQQi éé&bﬂfﬁfr difdgr eon

into a first collimte ent eam t and a

?e?gpdtch%ﬂ ¢ %E-.tb d‘%c(:ig%er en gt?l%n of Iu} %1%5%{31‘&%&6\9@1% a{' erntblgg)veen the

eanO

measur firge oéllinafedrceheenteicaht dfdight propsgmmg iffnh yhe measurement
optlcally unaltered fromthe first collimated coherent

beam ofef§ERstamang thecerteiimatst crheerdeamind light Pieaagpfing from

of 1i gl (fQLAR. Mgt est arm an optical path length of
the test armi’s essentially equal to an optical path

: eng_t h fseéo'?l% c[)g}fb%%%%%gm% {Hd,lc%ﬂ %%ecgﬁé i 0 éénce pattern between

vertlc for

t her et f]fe(fh‘grtollﬁnzﬁbd/ &dHe@ent baetm bﬁllglﬁ,'tqglr(bpa(gﬁltﬁfg b hemkf@irement
test arm and conflgured to: enclose a | ens subnersed

in a sETUERGHRMAng thesssend spilimatedicohggntdsamntilight propagating from
effectﬁwq%g . gravity; and propagate the second

collimate erent beam of I'i ght downward t hrough a

'ﬁﬁrSt %e C %rs gonq?g%%’lelh tooer:co(r: r%lft ?Jllflsrt%jso u 1o%|atn flrgl fo erl)& 0 Vlew the first
pnase O one O I rs I mat

interference pattern; and

a second detector configured to record, at a second resolution and a second field of view,

the second interference pattern.

19. An apparatus in accordance with claim 18, wherein the lens testing apparatus comprises an

interferometer.

20. An apparatus in accordance with claim 18, wherein the phase modulator is configured to

controllably and measurably alter an optical phase.
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coherent beam of l|ight and the second colli mated
coherent beam of light; a second beam di vi der
w@uBiogpar£d to provide a first conmbi ned beam aPCI/ES2007/088583
second conbi ned beam by conbining the first collinmated
21. Acnoallq ?alea%s ig G0y allcncle I\xgttﬂtclﬁrrnof?g/%{elerilrga ]::(gl%rrrf]: tclg ?efnlgth o% the expanded
nmeasurenent treference arm an e second col'I\ mat ed
collimaedebraitnttRam diflight Ghéngder Gaagatiffagnde i@mptibd pagSiengh Between the
wherein; the first conbi ned beam propagates in a first
measugpeIt {fgignce #E YLBAESEHHDI ned beam propagates in a
second direction; the first conbined beamis
indicative of an first interference pattern between
the first collimted coherent beam of [|ight
22, Aor gypagatsi ingedardance methndasiukSe matein g epBmoxedcahesmibedne of light

second col | i mated her en eam qof _|.j ght propagati ng
compifEs i G ope S dFth BT et hasCBRaHd 1BEhen boam i 5
i ndicative of a second interference pattern between
the first collimted coherent beam of [|ight
propagati ng fromthe neasurenent reference armand the
23. Ayerwatitusdh aFradange sotheapy 1S edeicdt a ciogirseciipoy dgeitqf e expanded
. f t I first, de 0 figur t
coltimplsToh{1En e il B erdn it G5 ee AP R Eft B
view, the first interference pattern; and a second
detector configured to record, at a second resol ution
and a second field of view,_the second interference
24. AJeRPPaFafs i gecoxiangs wath G i@ {8, vheesdh e bRAmHIEHS 1 18,
wherein the lens testing apparatus conprises an
i pesiignsd Getasp a Czblmmgg@ﬁandﬁhﬁsrefqﬁe%@@émd ance with
claim 18, wherein the phase nodul ator is configured to
certfiguliddeb lpyoragate adasturoatidnyofghe expaadedgtliimated ghiagrentbgam of light
s in_accordance with claim 18, wherein a

?%W%Egﬁ%ggﬁgﬁﬁ?ﬁmﬁfmghe expanded col | i nat ed coherent

beam of light is longer than a difference in optical .
DS ArBE e aeqing AREREPE RO LT U BREE SRS arhgam of light
t Revak@ffe (&% Bm.

25. An apparatus in accordance with claim 18, wherein the at least one of the expanded
collimated coherent beam of light and the first beam divider is adjustable to control an amount of
light allocated to the first collimated coherent beam of light and an amount of light allocated to

the second collimated coherent beam of light.

26. An apparatus in accordance with claim 18, wherein:

the measurement reference arm comprises at least two mirrors positioned therein; and

the test arm comprises at least two mirrors positioned therein.
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22. An apparatus in accordance with claim 18, wherein
the collimted coherent beam of |ight conprises at
wo easswne wavel engt h between 350 nm and 1500 Pei/U2RB07/088583
An apparatus in accordance with claim 18, wherein a
27. AH zﬁ)z)%fa‘% esclé Ia cnoarlcliz%n%{a gv%i,}]locflai}n% %%'J[%%Qrg ?tﬂez?s?lorllé Qﬁhg gtt least two mirrors
coheren eam o ight 1's ‘greater an a

positidhe@$s tHeefddsoRalenBilfcbtert aih@nt @itsSat 1e2dt twAmBRARAP@itisnsiin the test arm
accordance with claim 18, wherein the first beam ]
comprgsiey p @BRsej agjusppiit frigABeP b Redn shiftcophaseraespagti vebh of Hisdirst
collim O R T b e b AT e £ AR I e Ry Bk iopd cotlimated
coherdnit gétm bbHlaghtdn tHeaestafer ence arm and configured to
propagate a second portion the expanded collinmated
coherent beamof light toward the test arm 25. An
apparatus in accordance with claim 18, wherein the at
28. Areaphra@Ran AbcdricewRandash 2oWnkrat 8d phaeldpRtmOR 3 1Of is adjusted
' 1%725'% t and the first beamdivider is adjustable to
via a matgriahn amount of |ight allocated to the first
coll i mated coherent beam of |ight and an anount of
light allocated to the second collimated coherent beam
of light. 26. An apparatus in accordance with claim
29. AlBappah@rsah accdrithcawagiwlSners, whefei:ence arm conpri ses
at least two mrrors positioned therein; and the test
athNs6QNRMeaB i Atler 18 PELitibMA AT hf [1ESedRiOf iof tRNBEhsurement reference
therein.27. An apparatus in accordance wth claim 26,
whiat aidhthatest aagtangne of the at |east two nmirrors
positioned in the neasurenent reference armand the at
| dastcanddeninrdioder iposifiguostbtor n t he test arm conpri ses
a phase adjustment mrror configured to shift a phase,
respect iracelv, thofirst bdlimiatedtconatht brained lighhfomnhe beasarahent
light in the neasurenent reference armand the second
col I i mafdeeeh¥Bnt beam of light in the test arm 28.
An apparatus in accordance with claim27, wherein the
phase adjgbertdhiccand edlimated gaheyentdhgam;qf lighfrqm the test arm;
material. 29. An apparatus in accordance with claim
18, wheceinhinetahkagagqumnidorbelahe diceivde Hghtsfrgo ghe ietmergearm with at
an int elieségtcz% Il)oo 101(1) ]:)f &Q?ec%?v%ﬁ%fgﬁ{‘ﬁg}n tflf? Ie?traerﬁlct% form an interference

pattern;
provide a first portion of the interference pattern to the first detector; and

provide a second portion of the interference pattern to the second detector.

30. An apparatus in accordance with claim 29, wherein beams of light incident upon the second

beam divider are adjustable to control an amount of:

the first collimated coherent beam of light incident thereon to be combined with the
second collimated coherent beam of light incident thereon to form the interference

pattern; and
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armand the test arm and the second beam divider is
configured to: receive the first collimted coherent
whewssfo74 i ght fromthe nmeasurenent reference BETS2007/088583
recei ve the second col i mated coherent beam of |i ght
f 8 S rti
" {ehg Se VOél [%%tg(i (?(;Ohr%% %Egear i PP fl%hﬁgrgm%ern%ﬂ%%%l t3'Be % B*n%d with the
pfifsk 't:@[irrﬁfedtd@ﬁeﬂéﬁﬁﬁlaﬁﬂﬁf Hghghikidenoiteicbe td i tHfE i’ﬂtér&,rence pattern,
forman interference pattern; provide a first portion
of the interference pattern to the first detector; and
provi de a second portion of the interference pattern
31. Anoap#aﬁu?s% AR 4EE %t‘ﬁrcla1§10}8 '%ﬂ‘lefb@rpﬁ{e"?’t“frk’t%ete@to‘?gs gﬂ%%ﬁ imaging
claim 29, wherein beams of 11ght Incident u
lens anchecaege ndnﬂngaﬂd i iriage thediret ia@jfigsinad batern ovartaeolfralgiortion of the
1 anount of: the first collimted coherent beam of i ght
€S- i nci dent thereon to be conbined with the second
collimated coherent beam of |ight incident thereon to
formthe interference pattern; andthe second
col limated coherent beam of light incident thereon to
32. Ageappaibisrie @ceqirdance mathiqlaigy 1& gihereimthe dirgsletactants ensdigiistl to have a
. j e ference; -
resolu%grgpéetyﬁ&% g%ﬂh&bg@ 621?18 o‘hg n({eargé%%ﬁj an%@(ﬁ Q IH‘:Ve %lt‘afg;lldmofl\él?w between
0.1 andh 60 @inillihéetefsi r st det ector conprises an imaging |ens
and a canera configured to i mge the first
interference pattern over a central portion of the
| ens. 32. An apparatus in accordance with claim 18,

33. A\M‘zﬁ{pgfa'ﬂls ihcddrdistice %tth%@aﬁﬁlrlg SVHeRR {Hg lffr?c@aﬁl‘érah(ﬁ)\ﬁ?prﬁes one of a

resolution between 1.0 1000.0 m crons per detector
CCD @mmzh add OSocdnsvearal 4 CHD daméra\moeﬁnglbedl wedate all vavdlengths of the
h 19@ m | I imeters. 33. An apparatus in accordance with
coherqnf Iight spyIce, horein the first camera comprises one of a
CCD canera, a CMOS canera and a Cl D canera confi gured
to detect all wavel engths of the coherent |ight

sour ce.
34. An apparatus in accordance with claim 18, wherein the second detector comprises an

imaging lens and a camera configured to image the second interference pattern over the entire

lens.

35. An apparatus in accordance with claim 34, wherein the imaging lens for the second detector

is configured to:
image the second interference pattern onto the second detector;
image an outer edge of the lens; and

image at least one of a reference mark and a fiducial on a surface of the lens.

36. An apparatus in accordance with claim 18, wherein the second detector is configured to
have a resolution between 1.0 and 1000.0 microns per detector pixel and to have a field of view

between 0.1 and 100.0 millimeters.
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34. An apparatus in accordance with claim 18, wherein
the second detector conprises an inmaging |lens and a

W@ 2008/0800¢Hnf i gured to i mage the second i nterf ePERNUL2007/088583
pattern over the entire lens. 35. An apparatus in
accordance with claim 34, wherein the imging |ens for
the second detector is configured to: inmge the second

i nterference ttern. ont.o e .secopnd detector; inmage
7. Afravgr TBageTBer N DHE: TaRAE TS O GAGF T gRegone of
CCD ¢ie@d, QTR OWRd e ghPa EI10UEMt ORfigursd S &t&:t afl WaiBlengths of the
l ens. 36. An apparatus in accordance with claim 18,
coheragh bigktiseurche second detector is configured to have a
resol uti on between 1.0 and 1000.0 m crons per detector
pi xel and to have a field of view between 0.1 and
100.0 mllinmeters.37. An apparatus in accordance with
38. Al qypiparah8, in wheiréinde it $ee0r8] wharsid the @PPRQIUS &Sconfiguet! tatest at
CCD_canera, a CMOS canera and a CID camera confj gured
least gng ofja haigkcogtact lgas, @ h@ﬁb}felf]rgcté\fe qonEct SRR adrEd ﬂlif%qzﬂtlve contact lens, a
hard h\%ﬁﬂﬁ i:e,?racé e /A AR %Br?ttaé’tsieﬁs[] a?&ﬂ? 058N GE WM EdFt LM el@ntact lens, a
erein the apparatus is configured to test at |east
soft diffingctiof canthatrlehsc o nefabybrideréactivediffchctied canadt Vanscomtrd contact lens
ens, a harg?diffrac ive.contact lens,. a hard.h¥brid

| .
comprigig GLAIYE PAMTHIACEUGRY @ SeBisPRatt PR OmBisiigdn 3hKt Rgrmaceutical, a

singlelv;?sri‘ecn leﬁs,_sa(lfntic 1e@f ragitdcEconefet Rat, alrﬁﬁ‘lﬁfo_cﬁl RAf cosmetically tinted lens,
diffractive contact lens, a soft hybrid

a freefogrh denst anvimtrdpdulardens; geingianewait refreetsye lenshanr thtigogitlaicdiffractive lens,

an incg G TR BP S PR By Bk FOC T R i Dipctage tens.

refrac@vd\Pebradle ¥ HiEMSctivd sh@tdcle leBfiSind @ hF,’bﬁ@ €cdtact PAli#GActive spectacle
lens, a multifocal lens, a cosnetically tinted lens, a

lens. freeformlens, an intraocular lens, an intraocul ar
refractive lens, an intraocular diffractive |ens, an
i ntraocul ar hybrid refractive/diffractive lens, an
accommodating | ens, a spectacle lens, a refractive

39. /lspedibddbrenligaing, degecdir§ 6f alehs vwatispagtacath ecdngnsingansbuece of coherent

... hybrid refractive/diffractive spectacle lens. 39. A o
lights R e G G R G et CaveRagaa 1) o glipf fgcrent light within
the refRRABE AbiS PRI S Nth AaSOYbSEnREd ©ANEFRALe d dc8bid pdttion of the

reference armthat is configured to propagate a first
cohergmp tightalovwafward withohibe eartichli tgtitarmi wherain an optical path length of the test
arm is equal to an optical path length of the reference arm; a cuvette that is positioned within the
vertical test arm and configured to: enclose a lens submersed in a solution; and propagate the
second portion of the coherent light downward through the lens; a first detector configured to
record, at a first resolution, a first portion of a combination of the first portion of the coherent
light propagating from the reference arm and the second portion of the coherent light propagating
from the test arm; and a second detector configured to record, at a second resolution, a second
portion of the combination of the first portion of the coherent light propagating from the

reference arm and the second portion of the coherent light propagating from the test arm, the

method comprising:

determining a magnification of the first detector;
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the reference arm a vertical test armthat is
configured to propagate a second portion of the
W@ 008/080074 | | ght downward within the vertical tRSI/US20AT/088583
wherein an optical path length of the test armis
e I t t the reference arm
a&%%ygbgg ﬁﬁgInﬁggﬁgg?tfgﬁégglﬂ?ﬁpﬁ the verti cal test
and. confi d to: a. lens su rsed in
S BARGiE Wi B in R aRT ety eSO el location of
cgﬁ@ﬁ@ﬂksgag@kmggwﬂward through the lens; a first
detector configured to record, at a first resolution,
adétélrnﬁhl %er}t hQe I&Etléh mad hf‘s@ﬁét@&opéor}eg OI{dllligS{O ap§)5;{1% ®dtation of
herent |1 ght propagating fromthe Teference
azmvamdwmhamgebundnportlon of the coherent I|ight
propagating fromthe test arm and a second detector
Cadtéinguingd rbatived angylaadiffarehec betdeees obattlinate, s ystemanf ahelfirst
portion of the conmbinatiogn of the first portion of the
cofestemnd 3 QRfdipate pudah Phierseemdidstectds er ence arm and
t he second portion of the coherent |ight propagating
f eoveEthie theeqordinpte systemps thfogceshyntecsortg thegep 1ﬁ4tﬁFYﬁg§€m of the
a | t LIy
R ARE G e . s aBfen L FsRhirg G 0 B B Beector. e
xdaxﬂ@nd:cbmagmﬁaatidn dfhiee felcoisd ddeit@c therdece@ﬂntreapzom$ l’a)@atl(ﬁl the
an x-axis Iocatlon of zero in the second detector;
destemned yrgxia 19cagion.and Shedstgmingd iofdionplrapguigedisicree.
corresponding to a y-axis location of zero in the
second detector; determning a rotational angul ar
di fference between a coordinate systemof the first
40. Adecthotlon acedlaace wohdlanat3®, sydeemmyfriserensetomthe coordinate system
det ect.or n ert| e coordj nat stem of the
of the S5 1otk BF oo fale SoBRaT s B g aht BroSbortiifoe th
detector in accordance with the determnm ned
nsgRiCfi“eat Poh YErintte mijmst Xeledct or, the det ermi ned
magni fication of the second detector, the determ ned

X-axi s | ocation e de erm ne axis | ocation, and
the~ bt e : ﬂgﬁéd“r%FgF)GWéFsﬁﬁ@ q]§>|f/‘31]81|fference 40. A

net hod |n accordance with claim39, further conprise
conver Ki IREFEBHs ¥bBRYIS herplon {sthe firgfdetepior §%e€ﬁan Ing to an x-axis

det ect Rcadidh &Q‘ %g%dg{gﬂ%[]tﬁnﬁxﬁ rtl?erge? nd i]e‘:t’ecftér S represents a y—ax1s

detector in accor cos s + yi *
gs ) macagontinxhe fisndetector corresponding to a y-axis location of a correspondlng

point in the second detector, ms represents the magnification of the first detector,
m; represents the magnification of the second detector, x, represents the location
on the x-axis of the first detector of the x-axis location zero in the second detector,
yo represents the location on the y-axis of the first detector of the y-axis location
zero in the second detector, and s represents the angle of rotational difference
between the coordinate system of first detector and the coordinate system of

second detector.

41. A method in accordance with claim 40, wherein the first detector comprises a camera.
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ys = (-xi *sin gs +yi *cos gs ) m/nms + yo, wherein:
XS represents an x-axis location in the first detector
W@ 00B08000hdi ng to an x-axi s |ocation of a corrPSPURMNTIERSS83
point in the second detector, ys represents a y-axis
| ocation in the first detector corresponding to a
y-axis location of a corresponding point in the second

detector, ns . re ts the magnification of. the f

2. Aigelpn g oo g bER RIS Angniaghine cERnGhmBrstige ora tep

camer® SCONMO ARG Bhd a XIDIBRERSANtiSuled 8o HAEAtal 1A aveRnEIRS of the coherent
x-axis of the first detector of the x-axis | ocafion

light spwice. i n t he second detector, yo represents the
| ocation on the y-axis of the first detector of the
y-axis location zero in the second detector, and gs
represents the angle of rotational difference between

43. A hethodon aédoadadcs yithemimf39f wheteindde eadoad dageckot B@mprises a camera.
coordi nate system of second detector. 41. A nethod in
accordance with claim40, wherein the first detector
conprises a canera.42. A nethod in accordance with

44, R4 acORBLEE With REGAREHBe@RIRE t3BSaB/MpAte nd SR CCD camera,
canera, a CMOS canera and a CID canera conplgure

a CM@8 cemeragintl aleliedaaregt benfgluradie deshierlewavdléngtits of dher @éLerent light
43. A nethod in accordance with claim 39, wherein the

SOUCecond detector conprises a canera. 44. A method in
accordance with claim 43, wherein the canera conprise
one of a CCD canera, a CMOS canera and a Cl D canera
configured to detect all wavel engths of the coherent

45. A mgthed dgiteeting asns, feypethed comPritiegt i ng a | ens, the
met hod conpri sing: providing an expanded col I i mat ed
cpioeidemg arbexganddd dollghated spherent bagm ohégktxpanded
collimted coherent beamof light into a first
c qilitiiimgaﬂhe axpolded evllinfae@mobérehf lgilatn aflghaisee Gind collimated coherent

[ 1 d coherent beam o for
Bessn PR en éis%‘}oéﬂé?@ﬁ%%tﬁ‘{ iR Pk | § o cd
coherent beam of fght that is essentlalléﬁoptlca

uf%wra PRICR UM, EcTricpes arpbirein thg Bt edJHenkdcoberans 'fzf»ﬁm of light
h%pfs ’esgeﬂggﬂayngptfb { fﬁ{ﬁal@f 519@14 ikt §cﬂﬁﬁﬁggfi%8hérkﬂ%e§gl of light;
coher ent mo er el n an

forming a test arm from the second collimated coherent beam of light, wherein an optical
path length of the test arm is essentially equal to an optical path length of the reference

arm;
vertically orienting the test arm for passing light downward therethrough;
positioning a cuvette within the test arm;

enclosing a lens within the cuvette, wherein the lens is submersed in a solution that

mitigates optical effects due to gravity;
propagating the second collimated coherent beam of light downward through the lens;

combining a portion of the first collimated coherent beam of light propagating from the
measurement reference arm and a portion of the second collimated coherent beam of light

propagating from the test arm to provide a first combined beam;
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path Iength of the test armis essentially equal to an

optical path length of the reference arm vertically
w@eiognsiony the test armfor passing |ight downR&r/ts2007/088583

t her et hrough; positioning a cuvette within the test

ar encl osi n within the cuvette rein the

T R B R P e Y B ot S R rom e

ehkaaieneiigefe@ney awi dnd a porapagathe Rgecdnb@oB@E@Eicoherent beam of light

collimated coherent beam of |ight downward through the

| BioRAZIFABION Kig test pBR {9 RV 2tsheond; Gogtbires) heppppvagrein:

coherent beam of |ight propagating fromthe

nmeRpagasing e st eqnebised baam mrrofinst pisrctioon of the second

col l i mated coherent beam of |ight propagating fromthe

t popagatimgtthee fprsoednolteined beansin acirvbdinetiobealmreionbi ni ng a

portion of the first collimted coherent beam of |ight

pr opagaieiftig donbineidibearidafdiciea bl aefist Bigfratcapanendetween the

portion of the second collinmated coherent beam of

i ght Brbpalgaatedgoheism hepe efdight popngasing fippp Hie measurement

second i 113, [ t 16 o fi :

combi e bear e e e R e U TORAGA, B P ight rShagating from

first tenditnaes dndamin a first direction, wherein the

first conbined beamis indicative of an first

i nt er f glegsamdpakibated beaihve gididatiee bf & sdcodlntdriaréRd pattern between

coherent beam of |ight propagatinq fromthe

measur BiFdit EreehtdicEmiPere of hehlesarnsatingolrein fg @gasurement
coher ef@fer@ﬁ&'%ﬁ’{anh't@&g@%@&ﬁﬂﬁﬁaﬁeﬁ%oﬁ&@ﬁ@ t;egt%oo%f ?%hts %@g}ngélting from

and the secon onbi ne eamis indicative

i nt erfedreeeternmattern between the first collinated
coherent beam of |ight propagating fromthe

Neastdig)eni fifsetieeaocs aXim dutidieasiecndfiealol vidat, et first
coherent beam of |ight propagating fromthe test arm

r BEIFeHseg PaBEMadd r st detector at a first resol ution

and a first field of view, the first interference
pEcoiing, abhercped deteitagat agecendgerdwiePngwdacicepnddicld of view, the

secon .rq§olutiop and a second field of view the
second inteiterence pattern.

46. A method in accordance with claim 45, further comprising phase modulating at least one of

the first collimated coherent beam of light and the second collimated coherent beam of light;

47. A method in accordance with claim 46, further comprising modulating phase via a PZT

material.

48. A method in accordance with claim 45, wherein a coherence length of the expanded
collimated coherent beam of light is longer than a difference in optical path length between the

measurement reference arm and the test arm.
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second interference pattern. 46. A nethod in
accordance with claim45, further conprising phase
wore@alostorsig at | east one of the first colli matBCI/US2007/088583
coherent beam of |ight and the second coIIinated
cohegren f 1l 7. h
0. AR RRREREE bR e SR PR R SRR m gt ian
compiiseP4tTebas ivaleledidh bé&weeid BSOnnmnddG00 dﬁnce WI th claim
45, wherein a coherence length of the expanded
collimated coherent beam of light is |onger than a
difference in optical path | ength between the
50. ATR@aidd %&Brdaﬁ&@@vﬁﬁ e 43 @ngelnhﬁa{)gs%ecﬁ@;ﬂgl %ﬁ:a ofthe expanded
met hod 1 n accordance w th’ clai m45, wherein the
collima@d|cohartetcbeamheiight islpeeaterahan a ghss- s:eonmal 8mg ofithe lemst
one wavel ength between 350 nm and 1500 nm 50. A
met hod in accordance with claima45, wherein a
cross-sectional area of the expanded collinmated
51. ARBeben akealned with@himi4s, greef &fm%ib@tﬂg @naging, via the first detector,
~cross-sectional area of the |lens 1. Anethod in
the firgtdaigrgegneeratiermodr aicantad postian ¢fdhe ked#pri si ng i magi ng,
via the first detector, the first interference pattern
over a central portion of the lens. 52. A nethod in
accordance with claim45, wherein the first detector
52. A sethodfin geooethntowithvinia 45eehkbiain tha fipe tdareetor is. dnéipared to have a

: I h fi
resoluégg 8«;&&%? onérJng(S Q%g}:ﬂgo%g_ gér tq)gzi?qq H?)Fpila]é(? to I?%/g a%&lcli 8’} \glew between
0.1 anH8bHOGilfin&ecor dance with clai m 45, wherein the first
detector conprises one of a CCD canera, a CMOS canera
and a CID canmera configured to detect all wavel engths
of the coherent Iight source 54. A nethod in

accor danc t rth &) risin
3. AFEMoHAN S ol e S8l s, WS ElEhr R TREGRE P B ora cop
camerRal CRIOB &\@dra hi®a @BlchﬁﬁlefaQi@‘ﬁflg@éd tA\déredthfGydvBlengths of the coherent
accordance with claim45, wherein the second detector
light sewigpr i ses one of a CCD camera, a CMOS camera and a CI D
camera configured to detect all wavel engths of the
coherent |ight source. 56. A nethod in accordance with
clai m45, further conprising |nag|ng, via the second
54. Admeehotldn accordance with claim 45, further comprising imaging, via the second detector,

the second interference pattern over the entire lens.

55. A method in accordance with claim 45, wherein the second detector comprises one of a
CCD camera, a CMOS camera and a CID camera configured to detect all wavelengths of the

coherent light source.

56. A method in accordance with claim 45, further comprising imaging, via the second detector:
the second interference pattern via the second detector;

an outer edge of the lens; and
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the second interference pattern via the second
detector; an outer edge of the |ens; andat | east one
wW@2008/08@f£r ence mark and a fiducial on a surf aR€r/os20011e838583
| ens. 57 A nmet hod i n accordance with cl ai m 45,
rein nd de . i s _configured.t0.have a
F QOER Pr A, RTERE S5 U0 8 b G AR St BB et or
pi xel and to have a field of view between 0.1 and
100.0 mlIlimeters. 58. A nethod in accordance with

clai m 45, further conpr|3|n testing at | east one of
. Amethod i perordangs with glaim A3, pBetelthe é"éloééﬁf“aﬁt@f }Séa%flglged to have a

resolutl@ﬁ getq)egﬁ i @CathVI@OG Bhidfohs HE tfeftec@orﬁfi‘{éil aﬂa FU Ha‘i‘/e a field of view between
refractive/di ffractive contact , soft cont act

0.1 anid08.0 maillgoétersr ef racti ve contact |ens, a soft
diffractive contact |lens, a soft hybrid
refractive/diffractive contact | ens, a hard contact
| ens conprising an active pharmaceutical, a soft

58. ACARhENN h@&dSdmOOWith 1@ BNkt &&nlﬁmimgtmgt dt CGélst o of a hard
single vision lens, a toric lens, a bifocal contact

contaqt s, a arfuitfractive sontacs fens, ahard shfdrarid qoptact leped HasthBybrigd
refractn;e?(? % {ctlve Ff?tact%}lsl 1y E(gf??(gng%cgpens 5Sqff% I%?ra{: \;e C F{Palé @{15 a soft

diffradtive camact 1as, byoft hobiiefefiactve/dif fekickit e a@ﬂtadteeﬂsem Bardaﬁntact lens
acconnndatln | ens, a spectacle lens, a refractive
comprgsiagahaqtive lpéwylacautma% @rsa@tcpméctslﬁ%wg&r@nge%lsactlﬁﬁahaamaceutlcal a

single RYBSd Qn§ eclft[)ﬁ& fehy ee(tﬁfd‘cgf &%dcyf‘e erﬁﬁl@i%c% eﬁ@scl cggmetlcally tinted lens,

conposite [ens conprising a p dr a
a freeﬁmahéﬂfnsaiusl,ntmocpﬂmlensh ammtnaohﬂalsrpfractrmllehsf o 111ft1ab¢u1mahffmatlve lens,
hod i.n accordance w

claim
an i3 R OEH o S e RO B o BG AP T BAaf g g petacte ens, a

refrac@@e! dpREiaSIR i PBiffrRtRM &R BAL 1aNE 2 HYbME k@Fhctive/diffractive spectacle
de-ioni zed water, and a sol uti on conprising an active

lens, ammarmaktfelm ecarhprigng a pluradith ofiemnhedsied orageaiabs awholeckioaiiedens, a

mherel the first detector conprises a first
HMki%ﬁﬁg¥§ gﬁﬂﬁi 5 Yecond det ect or conpri ses a second

canmera, the nethod further conprising: conputing a
nodul ati on for the second canmera fromthe second
interference pattern; identifying, fromthe conputed

59. Arrarthediin asRordpnceayish glaigy éﬁ,affl?seaelwtb%%lﬁloélcf@alpélﬁe% Hdeast one of a

saline gglﬂﬁon faI ﬁutffepegi staﬂﬁe Eﬂﬁ%‘#ﬂ fdh ?&hel %(ﬁggiétgr’, %& Q s@iﬂtl(% l:érﬁﬁﬁs’mg an active

ternini ng a center
pharmaceutical.

60. A method in accordance with claim 45, wherein the first detector comprises a first camera

and the second detector comprises a second camera, the method further comprising:
computing a modulation for the second camera from the second interference pattern;
identifying, from the computed modulation, pixels associated with an edge of the lens;
fitting the identified pixels with an ellipse;
determining a center of the ellipse;

determining a center of the lens in accordance with the center of the ellipse;
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determining a center of the lens in accordance with
the center of the ellipse; mapping the center of the

wo ens/8w7e center of the first canera; determ PCHYSW07/088583
region of interest of the first interference pattern

I Hlagﬁi%g rt}?eac%]%l&:r g?ﬁt% edr%sctg rall.tcgtrltgr gfntgle ‘fi?s%rcl:g’rglnertag Ing a
waver ront or a predetermned region.
determining a region of interest of the first interference pattern in accordance mapped

center; and

transmitting a wavefront of a predetermined region.
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