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Lens inspection system usi ng phase contrast imaging
The present invention relates to an inspection system
wo o070 7RauUt onat i ¢ i nspecti on of ophthal m ¢ | ePCEEP2006/068744
preferably in an automated | ens manufacturing |ine.
The inspection system provides a phase contrast
i maging unit and an inspection nethod using said phase
contrast imaging unit designed to recognize defective
| enses with an i nproved degree of reliability but that
Lengdrsperdion ﬁY%*@I"Q/ U§H?Q phase sonteast imagieg . cont act
| enses froma wi de range of materials are nowadays
produced in great volune in highly automated
nHupPraeeniinvegtionmtelates foean ingppeton ayséendonthe auegwtic inspection of
ophtlﬁ‘éfr‘%ﬁ@ﬁsése&%?e?a@%% érpélﬁ'fgﬂafé%'lé‘rgs rﬁ%’tﬁﬁ&hﬁnq'm@ @[hé‘msﬁ@@tron
femal e and e mal e, which are nornal formed
system gravifes gsPhgpe GQ@P%SE'mWUWWW'ﬁ&ﬁC@O%MI Ysjng said phase
contlaBERRgMe W d@%bH&?to@%&é&ﬁz@d&Q&tN@%r@@X Wtk ’an‘mbﬁ)bed degree of
corresponds to the subsequent contact |ens shape.
relialgity gpithal dpgsHigt f@f@'%ﬁﬁﬂ% Rare@densgspol ymer solution is
dosed into the fenal e nmoul d half. After closing the
moul d hal ves, W lig is radiated over a nould half,
vihPRACt IRnsgs frop %W@@sﬂaf‘%i’fﬁ@at@f'mﬁ BEe PMRdays PErduged [nrgreat volume

in hqmﬁautgrﬂ%te@é}ﬁéﬁdact@i'@ﬂ‘ﬁélm%@t Abfvanttéb%ohﬁﬁsthéé Sty %ses are
romthe mnoul | f,” for exanple with suction grips

formegh U${ag r%pblgm%p@vesam fﬁm@{%@’]q the imade, Fygb%@g normaIIy formed

from %%%@‘éﬁ auéi@zmi/\%étn &8 &RoRb dssehBIPr @sk MoukPRalldl dei®e a hollow
reat care i s taken to nmake sure that | enses neet

CaV'%tWh'?ﬁ CQfipEPPRYE lodhe pelIseqrH@arast lenpshansuPeforuflesiag Bermould

haIvé’sU §|p|oty)he$fsoﬁ,|h&1 BfEEE Intd PRIEHaleaHb NI BAIF. AficPEBSIRY HRMBIIId
he contact | enses usi n[% i ndustrial inmage processing

naivase NGB! ragIBES o & MHCELA, ¥REN KSR HOPHBHSORpine lens maeria

in thé réﬁﬁgs\mtyoeu@éeqqemw tHeTbgs k@86 veBifdn BRsMBul@alf, for example with
and/ or dark-fjeld imging

S“Ct'\?@)gﬁpsz@fdﬁ?@@ﬂ@é'?grm%@ ag@glagewthgaa@@get he automatic
i nspection of contact |lenses, in particular tinted
contact lenses, in an automatic |ens manufacturin

pPeELEs coptpg IPRSER G OtRITRP &oriitgeimibe e, QfPa*acacﬂ%uWa%‘?rb fognake

sure % RERES Ri2etitibt dMaﬁtE) cbh@ol%[&fdﬁfdseﬁo @ﬁédﬁ’efcbﬁé tent quality of the
i nspection nethod béing the so-called Schlieren

contaab {engas, aemmaticingeotort ofithe epntactdenses dising rdushigbimagei rhecessing
meth®hs fhadekmbie®lcthtddITRE Khb/AR mdfidds 381dnébeblidIbe dphafnic lenses are

based on bright-field and/or dark-field imaging.

WO-A-2005/054807 discloses a method for the automatic inspection of contact lenses, in
particular tinted contact lenses, in an automatic lens manufacturing process, the method
comprising the use of a dark-field inspection unit with the preferred dark-field inspection

method being the so-called Schlieren method.

EP-A-1248092 further discloses the combination of a dark-field inspection unit and a bright-
field inspection unit, preferably the combination of the so-called Schlieren method and the
transmitted light method. The contact lens is subsequently observed in a dark-field and
bright-field.
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i nspection unit, preferably the conbination of the

so-called Schlieren nethod and the transmtted |ight
woreaonoel173he contact |ens is subsequently obseP@BEEPI006/668744

dark-field and bright-field. WO- A-2004/ 057297 di scl oses

a method for optically inspegting and detecting

defects in an object using two different |ight

sources, in particular using a dark-field setup as the

wo-aAndisSTRFE e sena rabad FwopiSohTopsokts oL edisd el n an

Obje(ﬂ ldl@ing itwe pRfetdr® igtitfsoorRbs halbaticulbrisivga ularknfgalcageth@asthe first

s bl 4L s Rt Be SaBeF e Bod et

the preferred at |east two inspection technlques bei ng
right. field and dark field ction techni gues;
wo &%Z(F B{%Pﬁﬁ'o%%%‘repﬁ{-'?b@sf?%ﬁ%eismﬁha'@t"r'ﬁr&%e&ﬁ@ giaigast two
differeRASiRBERiIh®Uisioh insPeEFPabethidUs e tel rﬁéhl,ﬂékﬂurﬁ@e&bé@ds for said
869 di scloses. a systemf

3
Ophth%@ﬁéefgﬁ%v?é&ﬁ?fﬁﬁf? PER_IIWRHISPRCIN IPTyRIes blelngrﬁ”ght field and

dark §i6ldlifspeaish {@bhred @Rt bPBIsCoHREsaritve indpbatioh, Bigudturagdight
| ens, as,a s es of masks, including a

'”Sp%?'P@HFOFqSE?WeHﬁWC“% Bt fReC r@‘ MYk and a transition

mask which is constituted by fine stripes, such t hat

e light interacts in a constructive and ctlve
Wo'h*g‘i?fé%s%ﬂtd'sﬁ OrSP%?éM%tefﬂ‘lr}Q't I9RREENg F%‘ﬂ??tﬁ%“sﬁﬁg% ZeS a light
souréd@@Psn eleirdrik edmésrd seshignihl Ymagdsy tiNIens Ry alltasda series of
S D e A
cons'tiﬂutddiﬂ?y'fﬁfei meéom thét.tRe Ilgmilrﬂgrabl'ts%ﬁlb o@h?ﬁd@véﬂaiﬁd esLhictive

re evel r evel for e centre zone an

manGi X GBI BoanCrofoniee BESk. e mPOS e 1Ry DaGo Gy using one
maskistea hephase cont r ast (anot her concei vabl e i nspection

nmet hod) is considered to be hypersensitive, i.e.
enhanci ng cosnetic flaws to an extent that the lens is

EP-A-0686842 discised 8ildH ifketfidr tend and mMr@GQJSHJTQQW@Cdpmmed bright-
ield and nore inportantly to inprove the gualit

field %!'H%"r@ﬂﬂ'i‘ ReNGS: &1 UsHY "QHEIatttW@ de,v@gﬁrg,ggeydgyﬁl%,qne RE eIi fer the

centr@ ZoA6dnd 0né @%’ytlé\/e&lfdmﬁeepé’rfdhdfaﬂik@né Re6id BB uSY Of Biaselddntrast
ano@artl cul ar, suj tabl e 1 nspection . s st em shoul d carr

&t CWGQQHISU%GGWWSWPHH{S |C8?|S'gﬁrefl bey Brransansitive |§n§élgancmg
cosnfedit flaws ty A¢ ¥xteht thataRe lehdid RERISEDEBIRg déRalive.

peri pheral
To improve production yield and more importantly to improve the quality of the
ophthalmic lens and the wearers comfort, there is a need to create a more accurate
inspection system. In particular, a suitable inspection system should carry out an exhaustive
examination of the ophthalmic lenses for accuracy of size, surface defects, tears, peripheral
ruptures and inclusions such as bubbles and foreign bodies, as well as small defects at the

edges of an ophthalmic lens.

The invention solves this problem with the features indicated in claim 1. As far as

further essential refinements are concerned, reference is made to the dependent claims.
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ruptures and inclusions such as bubbles and foreign

bodies, as well as small defects at the edges of an
wophrhelind c | ens. The invention solves this prpGl/EP006/068744

with the features indicated in claiml1. As far as

further essential refinenmentg_are concerned, reference

is made to the dependent clains.ln one aspect the

i nvention provides a nmethod for inspecting an

In o P e e T oP et (ool Tt PGt AR BIGH fons gamprising

usingé@ bﬁ@e&:d”mltr"agm?la@ing:Ldit.alr’]r@fdbﬁtilﬂ&fel«némsdj mdh@}agér?giw:@iutsing a bright

. ven no reftera ! e ne (0] a WS S ectl ve )

field PR G BT HEPS (R TRASETCartTP 2cl Tnaegegilp v sbatvely

employag iehigeruine bhatsrg dohﬁaﬂlmﬁe)rigbmﬁbe{I@BTagﬁh‘gijr?tﬁfrghé {)Ilﬁéﬂ contrast and
l. I Ng. Uunl r. rt he ret.era e ne a OWS )

dark g PR ARE SO FAr R PRy e na s Al SItenebysfl e nioning the

brighafieldtihagipd asie acd thierhabe comtgishgnaghd unil. n anot her aspect

in anghr Bal herthethaf o B el Stengnisd R ibgdne dark fied

imagmgninitasid therplgasegontrast.imbgingunibr e preferred aspect, the
nmet hod i s an automati.c jnspection nethod in an .
In a moteaiELg |38R%Cl‘|ﬁﬁﬁ U?eé'&‘%‘ﬁﬁia é’“h”hag'.c SReGst ’HS@OQ%%%?“tomated
lens maeaufantueing lien provi des an i nspection device for the
automati c i nspection of ophthalmc |lenses, in an
automated | ens manufacturing |line conprising a phase
In anothet asysdct theseigvemgjon prdvideBraefiespablion ddvive fdethe @atdmaticlirespection of

C rises a bright-field imaging. unit and/.or a
ophtE e Pt G edlieqliid opsPaPiEhg Aapgse contrast
imagthguinitePedférablg, theldecite felhgr esrpprises ropright-fiedd irdgengptwsisand/or a
oS oS8 S Gl T At BBy ot
the phasd esratalsyariderigheGield émagihgusit ef tirelphasecargiagt anbdasiHfialg imaging
o EJ R 5 BB RR Y0 e AR B0 main
unit aidnibé phasoesittinasiemabiogiund. infemother ksgackihe denimgiatigwsi sirtultaneously

emp§ffla {4t 53 15800 B onf sk biuest Bddtnes. ana

In stiretdtbeisaspect, thermesert nyentispeay includefdeticed all wethods ouimprove

the ifBREARI of (RIS cEILE AGfadghabLS and advantages of {he
I'nvéention nay be Seen Tfom

e description and the
drawi ngs that follow

Further details and advantages of the invention may be seen from the description and the

drawings that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic illustration of an inspection device comprising a phase-

contrast imaging unit according to the invention.
Fig. 2 shows a bright-field image of a contact lens.
Fig. 3 shows a dark-field image of a contact lens.

Fig. 4 shows a phase contrast image of a contact lens.
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BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows a
schematic illustration of an inspection device

W@ 9pieEirhg a phasecontrast imagi ng unit accorRCTgP1006/068744
the invention. Fig. 2 shows a bright-field i mge of a
contact lens. Fig. 3 shows agdark-field i mage of a
contact lens. Fig. 4 shows a phase contrast inmage of a
contact lens.Figs. 5a-c show a conparison of a

Figs Jty et 1 658 Bbf DU0 Bt Eredar e o S8 g contst o)

show imagé lbes derapariessin of a bright-field (a), a
dark-field (b) and a phase contrast (c) imge of a
Figs.dbef-€ cdhiowearlotes cofmbgrison/d&lbrightfield (a)paparkifan(bpnda phase

bright-field. d i f
OBl AR o, (0, e o
) iqght-field , d ~fi d (b d h )
Figs sl S8 4 bhiarksih of f oSN Sield &) Bnd 3 bpB e RIS mage of o

pr es eddfedting éaricilems. opht hal m ¢ | enses are inspected by

an i nspection nethod conprising using a phase contrast
Figs.i&aagi shpwuncdmpdrizoalof e brightifiet @yzodarkadiakigb) drd @ pbhadel ainttast (c)

and/ o rk-field imgi ng may be used to suppl enent

th dh]gggot%&érr%e{%%é'i magi ng. The phase contrast

techni que, as generally known, enploys an optical

mechanismto translate mnute variations in phase into

cAeaoedinmiedthe graskanigesntion oahtbhintic besesaiedhspeateddry an inspection

[ 2 i ff i 0. 2 0 ; [ .
o Sl E80, g 5 8968, o TG, BEAE ke G BRI, b
field emgybogarti-fiak! imagiog msydqrecused te ewpleemeantdiom pihasst coptrastirnimagigg.
effect in imagi ng transparent specinen. Contrary to

references in the prior art, which consider phase
The plasercastrast tenhininge hypearseallyiknowe, employshar eptgabmechanism to
i far. | i : i | it
vare HARD\Bidi e LTRRE Ol RS e 8T Bcan o
visudliged as difletenses inabhge tontrash & uithepéds kriswnothad phagestamirest imaging
can LRG0 AT RIRNYAER | Rod BERSPLALBABSABLOR UG ncparen
specimen.

Contrary to references in the prior art, which consider phase contrast imaging hypersensitive
and therefore unsuitable for inspection of ophthalmic lenses, it has surprisingly been found,
that phase contrast imaging is in fact suitable for the inspection of ophthalmic lenses and
provides for an accurate inspection system. It has further been found, that in particular the
combination of phase contrast imaging with either bright-field or dark-field imaging provides a
more accurate inspection system. Even further it has been found, that using phase contrast
imaging and bright-field imaging simultaneously provides an even more accurate inspection

system.

The phase contrast imaging method for inspecting an ophthalmic lens as of the present
invention is based on the transformation of refractive index differences into intensity
differences whereas bright-field imaging is based on absorption differences. In a preferred

aspect of the invention both imaging methods are combined and applied simultaneously.
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conbi nati on of phase contrast inmaging wth either
bright-field or dark-field imging provides a nore
W@ewanet1e3 i nspecti on system Even further it heSI/BR®N6/068744
found, that using phase contrast imaging and
bright-field inmaging sinultageously provides an even
nore accurate inspection system The phase contrast
[ rragi ng nethod for inspecting an ophthalnmc |lens as of
nvention is, based t he transfqrnation
The b5 GRS ERRmARR STans PR Bt ST i ao i NE g Erece broperty.
The @sﬁﬁ Sflﬁ@ﬂ'@&n‘ﬁ??f ﬁ\ﬂﬁwélfdsgi‘ﬂllglftld%bdrftdsl mgigrteur §hé$@8’féldtiﬂ’ﬂship. There
tio erences erre ect of .t :
are R GRRTEm 156 G HAGRATToRHD ARy S anBR S kil Mtefere in
com@piplyi @dstﬂtdﬁmé tr&lhﬁélu sb.y thEavilblbes baditife drftethé iragrasitg bmighit €at results
_— se captr I maging is t interference
will b soif P EeRlcs & the IR RPY aeine e Nl RE Sigpres are one-
half wavghdngtreqe ol phayeo thet iherfergpbe sl eetoadlly desthidtive ahe the tabavaves

i B} AT g BB U L BBl
constructive rranner i e. , they will be additive and

The {iiSeic AR IbHaRS gpi ?“be ofepl e abatoRfied o 28 Rht e
brighit-ﬁéldrobeenvat@a%@tmdcmrsmamedmlafatmmelbenlggrburmmgmfromhas&ght

scattte(%g %bgé&\%ﬁﬁ?rﬁ: ‘@ gwty& cogfﬁ I%R%y %‘tj ﬂegasgqlégé%\s/gat%rrlgd agnhde unscattered
waveseb &k iappsixinpatally lohepuaderce onethetf raadiveten gitnd e s phase Witheeach
t he resent ,nvention

otne I8 OU KR Fosyy SR Bt Rt ] ol B8 BTk rhe)

The pﬂz&ercmalraslmnagblnglenldtmemsped:tmglan G{ﬁlﬂmirateaﬁstdfehe present invention
ht fr o tered

o b
dlfferggrg) {L}gﬁenc?on ur |t§ Iﬁnow&)mrggq iﬁglnpta %hglng gga?e R%tween the
speckoat drel thd datedtan. nlsrqmacegr@dnd\wﬁsvmm |beotacﬁmmabe(d nraﬂoettyred by the

U veI n iLth
speme a?hga ?ﬁ ggh af's% g at%an rd%& te% nd unrq? ?Eegrbeatns of light
are racuﬂnmmmrtbﬁaatg@themghmaemsm ghffeﬂélneespinahe phanmtofam deviated and

unde'vgﬁe%' I@%t Hgértts %é)é’orﬁeng'cf(ftﬁ/te' rr]%ru c?%]t'ﬁ%l rg&ﬁtl e\P?\éealE It]téervln%um of the

resenmt rnvention d lnspectlon
two vf/a\@mvtth@ Evedhneiaerestsyant drolgits eprolsis eaghl cther. hbé vesating nave is up

o foFFSTRAL L HE pABKEEHRL R BARKAIRNIEL L. I nan tre

e speci
backgtvoog and featyhase thd stesimatheil btetwhelrdxgmtaared dankelr than the

eyi.at,e . i f

s e AR M BB SRR DTy BB
progey inztked teansl anch diver sinalidéfecthtvisiideans becone additive or

subtractive. The resulting wave is the sum of the
It has to be noted, that the present invention is directed to a phase contrast imaging method
and system. Therefore, the phase of the light is not analyzed as such (as for example in US
5066120), but the difference of intensity due to in-phase or phase-shifted interference is
captured as an image. Only then, said image is used for detecting accuracy of size, surface
defects, tears, peripheral ruptures and inclusions such as bubbles and foreign bodies, as

well as small defects at the edges.

An inspection device according to one embodiment of the invention is illustrated in Figure 1
and preferably consists of a phase contrast inspection unit 1 and bright-field inspection unit

2. The contact lens 3, which is preferably a soft contact lens, is held in a container 4.
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two waves which have their crests and troughs opposite
each other. The resulting wave is up to four tines
waa0kesoithan t he background. Therefore the speRCHEP2006/068744

appears darker than the background and features on the
specinmen will be either lighger or darker than the
surroundi ng field. The resulting image, when vi ewed by
a user, or analyzed by a conputer program nakes tears
and other small defects visible. It has to be noted,
that the present invention is directed to a phase

In the phﬁsreaﬁntrbmgép@@tlm’emmm aﬂﬂﬁsépﬁt@gﬁls mbertitedl 01 6, ndahhe objective

rear BRI (ohe ceetbaesey Fao T ke dp pPBFBifubaly he fase and

amplitideedifthé gurckelendt(or lurl'tlephia@jﬁ) lighit Jaksiag trebudH td specimen.
interference is captured as an image. Only then, said
A ph:’assmgatei tgpiceigds mate déa phésengtadiag neatgriadfsush 28 a digledtacthin film on

= ala, bRfe, 0. M laoB Rt ot bl aiBariieed By yadtm: & iep of tin
dieleditit @atl man%lh% ﬁnmse?th? gltaﬁ@ piatlstmeﬁrtebmnorﬁew Ieres mia?e dihegole of the

ot , i 0 o) at e
dmleﬁ%gﬁﬂ@ﬂﬁn gﬁca sglﬁgtﬁeepré%ﬁe ‘?g% Elﬁe t% 1;'nes‘talh é?eat eélH?ggéjpdlﬁracted
light inteségti on unit 1 and bright-field inspection unit 2.

The contact lens 3, which is preferably a soft contact
A “paséive’ pliasetpidte praduges dark gpnigast and ponthies phestially ahsorhing film

de3|41r1'%§9§?(%du‘39 ﬁ@qéﬁg)ll’]tud@ofﬁhég @.In@itvfaa/%frbl?tsmoé'ﬁatﬁﬂ fhﬂ:, cf%te contains

06 ective rear ee en
phasefretarding m}ltelrlal ansipmed to skits(retarid Mbe phase efithe bl@‘r@t@lslmhahﬂ 90
de@ggplltude of the surround (or undevi ated) |ight
paSS|ng through t he speci nen. A phase plate typically
hase retarding material, suc
hgq%g

AT ”‘?ﬂaél’eec%@?% p'lafﬁpﬂs‘? PoMiRiBR bathginase relerding ang. paﬁb%'t’ y absorbing

mated¥idl Hahbwerphasie c@éeaib@th rAaterifls QehIERRIwWhed aGinthe phase plate SO
position of thin dielectric and netallic filns

ont
that 'geQPQ@EaC&ﬁ%%rOHPd Waveeentis haplYSPeeiRs ateqipd Ettenygigd and
retard€d @& Piasé bgodideyeety.ic thin filmis to shift the phase
of light, while the netallic film attenuates

In op'ﬂ@g gérhﬂl‘?oq%g?j Ehé&mlatiemr%rt@gér%he ﬁhaé%oocf'shhg&nd Ig%‘rflﬁe“aratR/Ie% Qiffracted
produces r contrast and con

light by 8@ dbgnegs feithar mtivgrm@egaiiveéawdernnetﬂbq@mr Wlau@lengjh ptattes

beca%%% éPtHglg § ﬁ?‘*ﬁ?ﬁgwg?tg?r% glfﬁeh%e {‘bﬁeﬁé@{ r%ke? g{ﬁbﬁ‘ 8?J%ctwe

numerivgl preatsice afd mlaeniﬂcétlbnas;lner@asetg tite plyase®late gidtea@nd diameter both

decrease.

In one embodiment of the phase contrast inspection unit, the thin phase plate contains a ring
etched into the glass that has reduced thickness in order to differentially advance the phase
of the surround wave by a quarter-wavelength. In another preferred embodiment the ring is
further coated with a partially absorbing metallic film to reduce the surround light amplitude
by 60 to 90 percent.

Because the rear focal plane usually resides near an internal lens element, some phase

contrast objectives are produced by actually etching into the surface of a lens.

Referring back to Figure 1, the contact lens 3 is preferably at least temporarily housed in a

container 4 that is transparent at least at the bottom to allow the illumination beam coming
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A "negative" phase plate also contains both phase
retarding and partially absorbing materials. However,

WO poovhéE7ase, both materials are sandw ched WETEP20D61¢68744
phase plate so that the undiffracted surround
wavefront is the only specieg_affected (attenuated and
retarded in phase by 90 degrees). In optical
t er mi nol ogy, phase plates that alter the phase of

from?féeg'igg]ggg%r{%‘l? ﬁ%Pe |8€1£'| Yt@‘é rBFah&]BEF%ﬁ{?éf'e gh{*&%&'”e”‘may be
opentiiatid ©b dN@:bSch bgtﬁmapb at @&amm evirafowt, he::ﬂe efef @mtaum 4is
t tica e e. ’ ener.a ru
prefetglie S bd FauRik i Wl o ot 2EE RS et wehst br saiine
solutidoIhO:rre@ﬁrﬂar téddiquib aBrefgphiay, Ethafv'tslgédie ainiek chraspérds sbert that, when a
ease nt o t ase . C
contd B8 X Sigredinthe oFianet e chpBioe’ haP B ESHEIS 6R3 apromptically
theredrt stigtbottoin0 Thé eoghiassmanatant atoneashube ttahdportkaudsygstern or may be
r to dlfferengoall%/l qvanceth hase of the
RRIG PRy

part &7 Bhs TR 5 UG 85 RS 1 anot her

preferred enbodi nent the rlng is further coated with a

tial I bsor bi d
e 8 bt i+ R Qb PR i 4 strrsbehe SEauapiedind o
monddheornati lighbsalrcepyereeatingusdthbya cegindegs ileamation bedreonalserious of
N Lo
synchr@naatlﬁecbrezrobrdmgatbamkedhanﬁmgaﬂt\&ee’ln thtehransmrt sutisystemsand the light
or ar,i

sour Sy EE gertfler e T shETRR AL atbo Bt R cpmippigsns s n
the irtstpeaﬂldrqwstthe i1lum nation beam com ngfromthe |ight

Exarc].pﬁ(gsr Cfgcﬁ?fg[rﬁg ?grz{[ts:gggr;:ség‘g‘fet Egg“ egﬁw r?q]hgltoa%sp&_gﬁ)t 2? o%rlogtn%c -xenon flash
Iampme@ﬂnsr tybeaotlrgﬂmhscpmcmsuw amlhwlogdrriam:pe mayhe wsedf |a|wlmh chse a

filter m ut : o%d‘rfl cr)éﬁ moﬁe?%ﬂorﬁaqrt I ﬁ l'I'Me Ilcf]ht e?rgan\/\%élgp fr&n thé’|gdnt source 5

Suc exa
is themtquirmajm by aauiabie leas 6t est | | qU| d. Preferably, the

To m?ﬁe%@g thoef mft of ﬂ@%t%'{ H@r{t Mtgnsﬁtyﬁ% F&Fﬁ%(e/e C%?ln(ngt s?%%ﬁﬁwtay be used.

aced ainer te
The I@ihtefﬂecitehé)ylttemwmwwnaﬁlwdlthg/ccbr’rwwerrmrtatls thes fmusedrmto an input

diapfgrggrgg%}ts% Q/ﬁf |m€¥be2érg%??r§%(?d?r§eﬁ%br¥t$ﬁeét flﬁélrsaﬁ%ré bIC%’W&X lens (not

em or carri er
showm@| Ttheadiaptragr lideindhe tamot abinéoka futther lengtso tbatl]he:hzgfﬁ err@natlng

from gﬁe?l h%?oeﬂlrkt%} ﬁg@ %ﬁﬁrﬁat&@%n& BQFaﬂgltlighﬁQ%ré?éeﬁpiq tﬂ@gxmnﬁ@éone. It is
also possible for an interference filter (not shown) to be additionally used behind the lens 6,
in order to substantially increase the length of coherence of the light emanating from the light

source 5.

The illumination beam transmitted through the contact lens 3 is incident on an imaging
convex lens 7. Past the lens 7 the illumination beam is divided by a beam splitter 8, e.g. a
beam-dividing cube. One beam is that of the phase contrast optics and the other beam is
given in transmitted light (i.e. directed to the bright field optics).

In an alternative embodiment, the beam splitter may be used in the same way to direct one
beam to the phase contrast optics and the other beam to a dark field optics. In another
embodiment, the beam splitter may be used to direct one beam to the phase contrast optics

and the other beam to a bright and dark field optics.
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nmonochromatic |ight source generating either a

continuous illumnation beamor a serious of flashes
woeoopbEes. In the latter case the inspection BYBEERING6/068744

preferably further includes a synchronization or

coordi nati on mechani sm betwegn the transport subsystem

and the light source which takes care that the |ight

source is activated exactly when the contact lens is

in the inspection position. Exanples of preferred

light sources are light emtting diodes (LEDs) or

The Bty w@ite axedauh ddngsédted apaIensA&id 16/peBa GICD tqhdra 15 and 17.
sources, such as hal ogen | anps may be used, in which

case a filter nmay be used to create nonochromatic
For thé ibininalibe bearg laind etmastsderrvigioh beamt Aehromgid lessusrare pheferably used,
, hen calljmat.ed by, a suitable_lens 6.. To j ncrease the
in orqet iR atos POPTUREs b s Eateh b Efeey corded Bl e Al Argle.

(not shown) may be used. The light reflected by the
| i ght source, 5 and. t he concav irror is then fqcuse
For ag e s g e STl P RRE R Ah Eor T ises. i Paftfiiay EY RS Ract
lensearbadkafaid inspeciohemtt nidyl Heausedrnd cembinaomweith & eright{fietat inspection
0

.. Shown) .. The diaphragm!li.es,.in the focus point .of a
anit 3Pt Rnaba e SR Th A8 pER il mionE el BediRint ifdarSurtace defects
outsitié ¢ietiris primtc €hiS dask-fiatd Miethtl echaaacdefvadidlyl ted fdct thiat a bsam stop is
.present in.the examnin one. It is also ssi bl e for

positfgnER BRbeel Ml o o M B e netainas nPad ReBT i Jrépbsto
examise &nbehantit ishe@olvams litérature asrSbbdliereo nwtfist Soblieadnd yystems are

increase the, l.ength of coherence,of the |i,ght
espegly EFFTue it XoPpr i RIERR S0 R it op Efcrsatonry uptures
and ibelasiphs surchrst iubtles land digkightbediesnt act lens 3 is

i ncident on an imaging convex lens 7. Past the lens 7

the illum nation beamis divided by a beamsplitter 8,
In anesngbodimérdaathdidibrallyi usigaddle fielDireadieg rine phddeattaoding plate 9 may be

con DR BT AR AE0 ¢ ST 8o SRR P P mear
stop Obshmﬂd ad‘l/a'ntmnao&‘slg/ellzwamjl!fitairglaar deambeter thenthe ihhlgﬁ disgdnagm (not shown in
oo 4 S SRS YT S 55 e ARl o
of the ooraaddﬂds 3 dedpite dpviatians ih theaihmpiheﬁngebﬂamdi@fmwﬂrset the beam stop 13
shougﬁ%Pb%%é ta?iéé Pg(g%{s?% d‘fg‘aeog{a@t%gg%t{ﬁ?@}rm%ggf B%)afmqtugp%ygpﬁ%rts may be

ase contr cs an mtio a
filterexholtdiain&llyf thel dbvation obthélseatiterad begmumsmall as eoreparad to the direction

of th{&%.%&gg Qéfmeutlere-g§sis]ré1’d gﬂ%la]rign %P%eq)a% thE WEL A a%g tﬁ@d
confirmétion from the experiments, with an input diaphragm of 1 mm, the size of the beam

stop 13 is advantageously 2-3 mm.

In the absence of scattering or refraction of the illumination beam by the contact lens 3, no
light is transmitted past the stop 13 and to the CCD camera 17, and the resulting picture is
completely dark, with the exception of features of a contact lens that deflect light enough to
miss the stop 13. Such features will cause some light to be incident on the pixel array of

camera 17. An image of the incident light is preferably taken by a lens 16 of camera 17 for

analysis.
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For the illum nati on beam and the observati on beam

achromatic |l enses are preferably used, in order to
war@rdeEber rati ons. Observation is preferably PEFEP®A6/068744

out under a small angle. For an extensive and thorough

I nspection of contact |ensesg.in particular tinted

contact |enses, a dark-field inspection unit may be

used in conmbination with a bright-field i nspecti on

. / h . t h
Figuaat o 3 Vobiafidtsti Ene &dbrefRo IR o ot auelf coRfest image
(Fig. 145 bBa péntadt.lenBih &ugrhaékomﬂoshl th Figtiiee @, to eahg]bgmtagés df&fhsbspemmen
osi tion et ween the

obtaipgpif BrightEle, Aarciin aihBhase ReFeetiTaRe At tiyerec.

Toepler to examne lenses and it is known in
Fio 4TRSS B DAL B ERT oo o
bubb@@?th@SuﬁHd&é afCtﬁe %&QO%SI' hetlﬁ&fr\:ﬁo]z rsumt uﬂeﬁ& diami:t Wr;ereas the bubble
... ipc u3|on uch,as s. an re . i n_an
in the, s ST O AT ey BN A Bk R Bt ER gyt methoc
of th@tnaassentﬂne\_tantudn;1 ttg:tetdcathe |t9r|1swdéligctmgmfig&mei{stﬂmjbmtaehemage Fig.

. St . e er ne not shown in

sb ishe Fork el igd§ ahil i 555 BRenAE Etant Hss PERY Spitbpns. only he
phasbgl:bgt%:ﬁstdihagrealwstr;thamlﬂgwsh Xrotn @ @pK RN érbﬂghtS”I?adIV\ﬁroUmd the

E that t at |
dooqt Wi Oani oot 155 Bk i, iRl bl S @hate
contrastitaging|nestsod tlakefinst br&grm-éefldamagmezlg rbal) ban bé Lised toddemidy the area
for oA dSlogRoEER e S aBi oAl e shiapticVe By 4t s /bRBaquent or
simuftaresgpue Begonplgrtiase nanytrdseinfiddet (Eige@cout . Finally, the

devi ation of the scattered beamis small as conpared

to the direction of the beam Using conputer-assisted
Fig. &feratdrm iadHnsomtmtbve qmablhsofthbeSbBaﬂnTlair(M) toloth appearing with a bright

haloé'n Slﬁ)r ag raitr i }eh(ﬁ let?urmg‘?E p%(?{‘é/ \b Qﬁqll’??l&pé]%glvhereas it is
cleara/dxvsabitaaargélguﬁb WHee menfmst dank-fiéld irabgee(fige 6b) cacbd tisrd toddentify the

area l'foer ?@%ﬂap&f&ts R&h‘? Hng Q%at ?&élpr%ggnpp %f ﬁ%&b??\ge%l%ﬁ I,sigbseq uent

By &hsm
or sumoltaMeummdmase thraahlma@béFlgeém)l ting picture is
conpletely dark, with the exception of features of a
contact lens that deflect |ight enough to miss the
Fig. & slogwsla corSparisohedi b nrigt-figld andapbasesamirabi iglage takebesimultaneously

ofthe RS ik M Fighta e HER s BATTRR 1400 BpedlE%6 o1
undigtingeislablg frémran adhering alr bubble on the surface of the lens (O) as in the
previous images. Whereas in Fig. 7c¢ the bright halo reveals the true nature of the defect to
reject the lens. Here again either phase contrast image (Fig. 7a) alone or the combination
with the bright-field image (Fig. 7c) would allow to reliably reject a lens (and only a lens) with

true defects.

Fig. 8 shows three images of a toric lens, i.e. a lens where the orientation on the eye is
essential for the effective vision correction. Neither the bright-field (Fig. 8a), nor the dark-field
(Fig. 8b) image allow to capture the orientation of the lens in the package. However, the
phase contrast image (Fig. 8c) clearly reveals the underlying optical design and the

respective orientation of the lens.
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anal ysis. Figures 2 to 4 show a bright-field (Fig. 2),

a dark-field (Fig. 3) and a phase contrast imge (Fig.
waroosheE7zont act |l ens in high resolution. | n FPQUERRIG068744

to 8, the imges of |ens specinen obtained with

bright-field, dark-field andgphase contrast imaging

are conpared. Fig. 5 features a lens with a bubble in

the lens material (X) as well as with an adhering air

The TESaTSMBNIEME PR UM Ee AT ITe. By aDrreb cerigle ransport
subsyﬁémtruh fa!prééﬁ)gtlmrtsﬂlani ﬂnatsspféefrr&mt c@ditiacthel’ﬂaaﬁs l’anvéIBanng a
ldentitl ed. e St e
predeTaAEs BRNITo e Bos TRheloaeslan HPelt pumenBREPERine s
inspddiea. Prefgdmbryftheleﬂlsnmgmﬂucﬁjs%; mb¥ing shrodngh tdardepéctﬁifnctyﬁtem
ase..contras e. o t he
nowey BT i Sfmayisg e sleloaiy gt foribte PRI « o

di stinguish X fromO as X shows a bright hal o around

def wh 9 bl ack ot . |
Becal o8 iRl P GrIECH Tap i SpRach ok any PatlTr aegfiny e Fns
whichrebswbs lighteuéh aséan bisipgint, -trf|$ eiemddrmgartl(:lﬂa@/ efﬁ&)we:&nnkmact tinted

used to dden e area pptential. def.e ch
Contﬁcﬁgeﬁ‘s?% ‘%S{T}‘?if’ d%“&ﬁ!‘g WikEmaY %Sihé@[ﬁﬂ Péf&*éed'”ﬁy”f‘ﬁ%ecome Gieatly
detectatiisequent or sinmul t aneous second phase contrast inmage

(Fig. 5¢). Fig. 6 features a lens with two bubbles in

the lens material (X), both appearing with a bright
Regdrdless offwldieerpihase cortrast 'mﬁgirigmgase @Masrn‘artdhmght field imaging or

oor visible in Fig. 6a, reas i
phasBRBhirdes 4nd el iplaofig 418580 ¢ Badgls plipfiafifiil hrocessed by a
comgufergvhi€ible diders voreetheed rejectititelets by probessat fiathéoaccording to preset
def ect s hen is either confirmed or

I
Selecg'gégﬁ%:[%\%g% n?\%%m\;\?ﬁbogéalpenqrt or sinultaneous second

phase contrast image (Fig. 6(:) Fig. 7 shows a

The %%g?%gr F%ﬁg rlﬁgg ﬁ,quet ar%eglta Ig (0] |]ng? tgngpﬁéﬁor Iorﬂﬁ?hglﬁcslen?es in

partuEnag contact leesdsu Pidferably thé eoritetptskerrsas arsoftlco( {4yt lappaesample a
I St ' I ro ' i e.0
con§ii SEARSRIST RIS i R e e S 2t BBV gl b oorymer. o
PVAWheoas sopalyier or @ craskinkedipglyethykenglycaoe alpolystexane bhgdrogel. In a
C Lect .. re again
morc o8 Mkl R Ry B MR 08 et BT & 200
conmbination with the bright-field imge (Fig. 7c)
woul d allow to reliably reject a lens (and only a
lens) with true defects.
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Fig. 8 shows three inmages of a toric lens, i.e. a lens
where the orientation on the eye is essential for the

W@RG0e060192 vi si on correction. Neither the bri ghCFEPBDE068744

(Fig. 8a), nor the dark-field (Fig. 8b) image allowto
capture the orientation of tfae lens in the package.
However, the phase contrast image (Fig. 8c) clearly
reveal s the underlying optical design and the

I_respective orientation of the |ens. The present
Claimiyention is preferably used on a manufacturing |ine.

By an appropriate transport subsystemin a production
pl ant, the specinen (contact |lens) is noved along a
predeterm ned path into the | ens inspection position
Wh @edhdtl fonidspedilifg ah obhatnidRensSompapiag Lsitlg ahabe carittast imaging
the lens is continuously noving through the inspection
sY¥% em however the lens may also be in a stationary
position during the inspection. Because the resulting
dark-field inmage is not affected by any object in or
within the [ ens which absorbs |ight such as an iris
PThdnethiobios claidt hodrther qoatprisiag lusinigya |fghefidld weadivg unit.

i nspect tinted contact |enses. Cosnetic defects which
may be hidden by the iris print becone clearly
det ect abl e. Regardl ess of whether phase contrast

[ ing, phase contrast and bright-field inmaging or
FEn8oaRr 856 LoiHbEenPiEng i dar e adhd Sepe
image is automatically processed by a conputer which
deci des whether to reject the lens or process it
further according to preset selection criteria by any
KTtesvmethiet] o6 dlainn 1 1 fogheérrdompfibiag e ing eosighesad iragingbavand a dark
ar & suitable to inspect any kind of ophthal mc |enses,
i W%Q?atq%tl”}i contact |enses. Preferably the contact
lens is a soft contact |lens for exanple a conventiona
hydrogel |ens which conprises for exanple a poly-HEVA
hono or copolyner, a PVA hono or copol yner, or a
CTtesiskihol @ficlpioh 2 evirEiarsgidyraethod rllewpsimptahemxalgemploying the

dr - Iln a re preferred. enpodi nent .t he contact
PR imodhd ulPREH PR S R B RATE Unil 1o hoa or
i nspecting an ophthal mc | ens conprising using a phase
contrast imaging unit. 2. The nmethod of claiml,
further conprising using a bright field inaging unit.
The method of claim 3, wherein said method allows simultaneously employing the dark

field imaging unit and the phase contrast imaging unit.

The method of claims 5 or 6, wherein a beam splitter is used to direct light to the phase

contrast imaging unit and to the bright field imaging unit or the dark field imaging unit.

The method according to any of the preceding claims, wherein said method is an

automatic inspection method in an automated lens manufacturing line.

An apparatus for inspecting an ophthalmic lens comprising in optical connection:

a light source;



3. The method of claim1, further conprising using a
dark field imaging unit. 4. The nethod of claiml1,

wo eoovleert7xonpri sing using a bright field i nagi PGI/EPI0D6/068744

10.

and a dark field imaging unit. 5. The nethod of claim
2, wherein said nethod all aws _si nul t aneously enpl oyi ng
the bright field imging unit and the phase contrast

i maging unit. 6. The method of claim3, wherein said
met hod al | ows sjnul taneously enpl oying the dark field
i?ﬂ‘fg‘?rﬁﬁorﬁrﬂppgaéﬁ M phase contrast imging unit. 7.
Theoritaihbofdr pdIding al 9anple edntéct leMder ei n a beam splitter
is used to direct light to the phase contrast imaging
UG O AR e CBMEFRSHISPERENF i el d i maging unit or the dark
fa pédaispiitgrng unit. 8. The nethod according to any of
t he recegi clainms, wherein said nethod is an

R PFrg o0 r?%ﬁ'ﬁ@%’f‘?b‘ﬂ't'rret hod in an automated | ens
manufacturing line. 9. An apparatus for inspecting an
ophthal mc | ens conprising in optical connection: a

i ght source;one or nore optical elenents; a container
f Thie dppaditog ofclsiang Ifertten Bb@ptisihg A driglotfeldimagihgeunditamefoa a dark
Sensors; andt a beamsplitter; a phase contrast imaging
uti't MY YHe apparatus of claim9, further conprising
a bright field imaging unit and/or a dark field

i magi ng unit.



