METHODS. DEVI CES, AND SYSTEMS FOR MOVI NG WET OPHTHALM C LENSES DURI NG
THEI R MANUFACTURE FI ELD [ 0001] The present invention relates to

nmet hods, devices, and systens for producing ophthal mc |enses, such
as contact |lenses. Mre specifically, nethods, devices, and systens
for noving wet ophthal mc | enses are descri bed. BACKGROUND
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packages, such as es.,which are subsequently seal ed
wi th seaPPH@ggﬁﬁﬁﬁﬁF ‘ng§§B In some processes, the washing

is performed in the package and in other processes, the washing is
perforned mnth(gol nerized | enses | ocated in washing trays or
carriersB steps may include inspecting the | enses for
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aut onmat eBoly fepses can be washed to remove un-crosslinked or ‘partially
from the polymerized lenses to produce washed polymerized lenses. Washing steps can include
contacting the polymerized lenses with alcohol or other organic solvents. contacting the
polymerized lenses with aqueous liquids that may or may not contain alcohol or solvents,
solutes, or combinations thereof. The washed polymerized lenses ultimately are provided in
packages, such as blister packages. which are subsequently sealed with sealing elements and
sterilized. In some processes, the washing is performed in the package, and in other processes,
the washing is performed with polymerized lenses located in washing trays or carriers.
Additional steps may include inspecting the lenses for defects prior to sealing the package.
[0003] When polymerized lenses are washed in washing trays or lens carriers, the lenses
must be separately transferred to the lens packages so that one lens is placed in one package.

Although these steps can be performed manually, in a commercial manufacturing process, many

steps are automated.

SUMMARY

[0004] New methods, devices, and systems for producing ophthalmic lenses are
described. The present methods, devices. and systems are useful in effecting the transfer of wet
washed lenses from lens carriers to lens packages. With the present methods. devices, and

systems. it is possible to improve the yield of a batch of lenses produced. For example, with the
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such combination are not mutually inconsistent as will be apparent from the context, this
specification, and the knowledge of one of ordinary skill in the art. In addition, any feature or
combination of features may be specifically excluded from any embodiment of the present

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a schematic view of an exemplary oplithalmic lens packaging system
provided in accordance with aspects of the present invention.

[0011] FIG. 24 is a schematic view of the transfer module of FIG. 1. which shows
additicnal features of an exemplary pick and place system.

[0012] FIG. 2 is a schematic view of a transfer module, which is a sub-component of the

system of FIG. 1.
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BRI EF DESCRI PTION OF THE DRAWNGS [0010]FIG 1 is a schematic view of
an exenpl ary ophthal mc | ens packagi ng system provi ded i n accordance
with aspects of the present invention. [0011]FIG 2A is a schematic
view of the transfer nodule of FIG |. which shows additional
features of an exenplary pick and place system [0012]FIG 2 is a
schematic view of a transfer nodule, which is a sub-conponent of the
syst e(T 011: FIG 1. [00131FI G 3 is a schematic partial front view of
an end e or ted at end
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the end efdand ﬁl‘acleobot of FIG. 2.

{0014} FIG. 4 is a perspective view of a pickup head mountable on the end effector of
FIG. 3.

(0013] FIG. § is a cross-sectional side view of the pickup head of FIG. 4.

[00106] FIG. 6 is a perspective view of a transfer tray usable to transfer ophthalmic lenses
in accordance with aspects of the present invention.

[0017] FIG. 7 is a perspective view of the transfer tray of FIG. 6 from a different viewing
angle.

[0018]} FIG. 8 is a cross-sectional side view of the transfer tray of FIG. 6 taken along line
3-8.

[0919] FIG. 9 is a partial blown up plan view of the tray of FIG. 6 showing details of the
interior of a cavity.

[0020} FIG. 10 is a perspective view of an infeed tray moving on a conveyor module and
carrying a plurality of blister packs.

[0021] FIG. 11 is an array of blister packs usable with the infeed trays of the present
invention.

[0022] FIG. 12 is a perspective view of another blister pack usable with the infeed trays

described herein.

DETAILED DESCRIPTION
[0023] FIG. 1 is a schematic view of an exemplary ophthalmic lens packaging system

provided in accordance with aspects of the present invention, which is generally designated 10.
Broadly speaking, the system 10 comprises a number of modules having a number of devices
and tools for performing, among other things. the function for transferring, moving, pushing,
dosing, centering, and sealing trays and packages related to producing ophthalmic lenses in
blister packages, such as those shown in FIG. 11 and FIG. 12. The system 10 is configured for
placing ophthalmic lenses produced elsewhere from a production line or a plant into blister
packages, also produced elsewhere from production line or plant and brought together with the
ophthalmic lenses. Ophthalmic lenses usable with the system of the present invention include

Iydrogel contact lenses. A silicone hydrogel contact lens is a hydrogel contact lens that
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FIG 3. [0015]FIG 5 is a cross-sectional side view of the pickup
head of FIG 4. 100161FIG 6 is a perspective view of a transfer tray
usable to transfer ophthalmc | enses in accordance wth aspects of
the present invention. jOO17]FIG 7 is a perspective view of the
transfer tray of FIG 6 froma different view ng angle [00181FIG 8
IS a cross-sectional side view of the transfer tray of FIG 6 taken
along line 8-8. 100191FIG 9 is a partial blown up plan view of the
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conveyor paokhgeé 11ﬁh£ipresent packages include, but are not lmnted to, silicone hydrogel contact
lenses having the following U.S. Adopted Names (USANS): lotrafilcon A. lotrafileon B,
balafilcon A, galyfilcon A, senofilcon A, comfilcon A, and enfilcon A. A non-silicone hydrogel
contact lens is a hydrogel contact lens that is free of a silicone component. Examples of non-
silicone hydrogel contact lenses that can be packaged in the present packages include hydrogel
contact lenses having the following USANSs: omafilcon A, ocufilcon A, ocufilcon B, ocufilcon
C, ocufilcon D, ocufilcon E, methafilecon A, and methafilcon B, among others.
[0024] The system 10 comprises a plurality of modules each configured to perform one
or more tasks to place ophthalmic lenses produced elsewhere from a production line or a plant
into blister packages. also produced elsewhere from a production line or plant. In one
exemplary embodiment, the system 10 comprises an infeed tray loading module 12 for feeding
and moving rows of infeed trays containing blister packages configured for receiving contact
lenses. As further discussed below, the trays each comprise a plurality of cavities having a
blister package disposed therein for receiving an opthalmic lens. The system further includes &
transfer module 18 comprising a robot arm for picking up opthalmic lenses supplied by an
infeed transfer tray loading module 16. The loading module 16 may comprise & transferring
system for moving a plurality of transfer trays comprising a plurality of ophthalmic lenses to the
transfer module 18 for pickup, as further discussed below. Finally. an offload module is
provided 26, which includes inspecting, transferring, and sealing components for completing the
packaging process. However, the system is not limited to the modules expressly disclosed and a
person of ordinary skill in the art may modify the system to remove, add. or substitute different
modules to complete a packaging system for placing individual ophthalmic lenses into
individual lens packages.
[0625] Referring now to FIG. 2A. an exploded schematic view of the transfer module 18
of FIG. 1 is shown, which comprises a pick and place system 20 for picking up ophthalmic
lenses and placing them in individual blister packages 40 that are located in infeed trays 36, as
further discussed below. The pick and place system 20 comprises a robot arm 46; a motor 22 to
move the robot arm 46 and other pick and place components. such as belts. gears, connectors;

an end effector 62, and a plurality of pickup heads 64; and one or more controllers 24. As used



carrying a plurality of blister packs. 10021]FIG 11 is an array of
blister packs usable with the infeed trays of the present invention.
[0022] FIG 12 is a perspective view of another blister pack usable
with the infeed trays described herein. DETAI LED DESCRI PTI ON
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ophthalmic lens is placed therein, the shape allows the placed lens to se[f center itself within the

cavity. This in turn facilitates inspection and other processes that rely on the lens being
centered relative to the cavity. The blister pack 40 further includes a flange 58, which is
configured for mating with a peelable seal layer (not shown), and optional raised bumps or
protrusions 60 for gripping purposes as well as aesthetic appeal. Another embediment of the
present blister packs is illustrated by the blister pack of FIG. 12, in which the blister pack 300
comprises, consists or, or consists essentially of a plastic base member, similar to the blister
‘pack 40 described above, which base member comprises a cavity 303 for storing a hydrogel
contact lens and a packaging liquid, as understood by persons of ordinary skill in the art.
[0028] The pick and place robot 46 is programmed to traverse along the z axis to move
between a first working envelope or area 58 and a second working envelope or area 60. The
first working envelope is understood to cover a general area that is above one or more infeed
trays 36 and the second working envelope is understood to cover a general area that is above
one or more transfer trays 34. Thus, as described herein. the pick and place robot 46 is
configured to move from between the second working area 60 to pick up a set of ophthalmic

lenses and the first working area 58 to place the ophthalmic lenses in corresponding blister
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packages configured for receiving contact |enses. As further

di scussed below, the trays each conprise a plurality of cavities
having a blister package disposed therein for receiving an opthalnic
| ens. Thepashsdlerfitafeiiead emhedigaof depregend pESrTHEE b afﬁé&%ﬂ&?% %

robot ar myfQh, RioeKiing: 44k Pphiak akis, sh@psesisuppl i ed by an infeed
transferrqth%ayn gadi ngg m)duFIe i6. 1Tﬁe Plcigdiln nodul e 16 may ¢o se a

transf er (0038] syst dvivrementmbaiely yexis agpldesithypips andipiarg obpt %@*a%sergﬂpé lower
conpri s ag.g Jﬂ%‘;’t&%’j \;v'bfengz;ca% Rt ekt GolkBRERTISR of I stcoAdSbRingReiidRe. 18
for pickup, as further discussed bel ow. "Finally, an offload nodule is
provi ded TBB in turi dlowis el rolehé & dpplypeeiumgto theead Sff%/?ttqf ithpick amaplgeliidg
conponents _f or . L ' i §d em
o hor 1 PRt TS el e RAAGL B BledpRAtnil RIEY Bl congfboRiRs

or di nar y bEsérlphclisrestiinthendiscusweyt befodti fy t he systemto renove, add, or
substitu iffer rodul e G : kag of BEw

pl aci ng i‘ﬁ’éﬁn duafﬂg%eﬁli]f%gn%?lwmt%(l:;II (?Séﬁggg lacﬁlltt?%}qi) ﬁg?vfghlg% lﬁguﬁtslsgglécs g‘gles.

[ 0025] Refigbipbatgdnown tal &FfeBGor @or pinkiegph ardiddlnsic hensest [reongiempodimentheight
transfer.mdul e .18 of FlI K ] Leh ' i

pl ace syE@ﬁWﬁﬁ@méﬁP%ﬁﬁgégﬁéhﬁ%é82 t étﬁ¥@é%§ﬁ§gﬁpgﬁ q%ﬁ@%ﬁ%gk?ﬁg%ﬁdn
i ndi vi duaffedairi68 fepigiglagiht stbthahat leases it pgeglepickup dpptéad The aygbaef
as further, discussed | ow.  The..Di , | :
Fobot ar ACHE ARG ol RS IN e ?zﬁ%&fﬁ%ﬁ@éﬁﬁéﬁfﬁﬁ% f“ﬁ
pl ace cofpansdirsaysicindastehiotdys 36, gdivhsorresp &t e sumizen o t e Enges
62. and lur,alit f pickup.-he e OF llers
R L S A S
mean a ceghbe haddiran 6dbotinessaterl ind abmpriscsmvablae and ppifitdkcaipatand | ower
ophthal m c | enses. 026) Referri n to El , ABChempt i ¢
vi ew of ?I??ém‘t"f]%fglé(fléa&cg‘ﬁ%% N e,Of?:a%r? ﬁené\é(%?mr%%“(iﬁtgc%ﬁéﬁ%n Bl:to?glhasf er rBglart
30 is shewnfic Wiee tiegickepdradpidisiup thedophthaloonieng Un e gratioulpopdogdinshiutgl i ty
of infeed. trays. 36 (FILG 2).o0r. [ : ' LaysS,

(FIG toperbauR ehergyel il ndreaR s fistfls Slerlhggois OSertien |
CONpr i Sesorthaliy Cie@gbalaneshe B8k (Fhedd's 4Btpl dnd mnditclongivdial axip (I4-i the end thedick s
40. In a rticul a nbodi.nen i gh Q -far j :

ar r angent aci?rtﬁeacﬁpéfﬁ?nns ‘?Fhee srli'%srag%%e;aefayg eéga@%péra%‘ggwggg%om& %ridljﬁsit§ er
packs 40mokttpheffiteghrembodimehtounest righraylenunizencthe higwevart fewpr wingsd suclrag for

infeed trays,36 nmay be de froma tal _such.as har [ I
ool um FAHFIS Ry Srarore MO AT e ey Re MeoPEoaiu ! £r BORRIZ LS Shes
t her nopl adric@mbadifedathe wirgs breaguabelsypedfyh ensarothepol yet hyl ene and t he-
like. [O ny n er_ of,bli.ster Cks T b i L of.
trays SGP@%the prés &t p%@%ﬁ?lfngcrll}‘Etﬁﬁ%]zmn%%h%@agﬁn%%fl \,%l%%g& gﬁgg'?éerﬁ&g
packs (Fifa réduredi@oebettidnorned ashdidea 7hkatedigerebariveep. B2hfradedrvgreas
spherical distal section 54 a nan- spherical .t aperi W=\
section BEOTPYTRiEd 8&5 C PP SHTAse 2??@53 ﬁ?‘ﬂ?e Qﬁgjptgrﬁaéseggteﬁa{ge\?l\%e@{k% h?‘% 64
filled whith apacddedgals eletif prsctap droanhojEatdrabmiectot od: §04F 5. 8t adich is part
therein, the shape all the placed lens to self-center itself

w thin i AbRegcona Hevievq vagcrrpedient Rt Rl Sk,

processegecbidghicd 8h Yhe QRtklip Beali @0 SndeihRgddtiantednaie ddhatdrbidek 80 ishessible. as
cavity. The bljster pack 40 further, ir]jgl

#es a.fl nged58, whi CEI i,S
Sont i gur Bl ROFSFERIIRE AR PARSIOpERIPeae e QiR b fo T BeSitaurTor Hiet
opt i onal wiifis 8l iAMERSmhe idlah@sdopnst ROpbRAL iBdnfPi.Ng pur poses as wel |
as aesthetic appeal. Another enbodi nent of the present blister packs

6



packs 40. An additional enbodi ment of the present systemincludes a
pi ck and pl ace robot 46 that can nove al ong an x-z plane, x axis,
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turn allows the robot to apply a vacuumto the end effector to pick
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t hr eadedlatgsy & dimnatasdhapdilagedradigl Bk 80 is possible. as well as other

connect i «f]EanS 1.Pfhe G%Wﬁlbﬂg it 18, 9"{54‘1‘%“%&3 ReRGorlo erﬁﬁlﬁ 811]@1%@@6&[[? spaced
0

connecto ck. w thout deviating fromthe_spiri SCOo

present dlangthe peer periplposq efeeth wipedut ?t&errcetwwe %‘?)WsﬁlbleFi"*@éhowﬁﬂ 1%mol
5, each @Jganﬁﬁe $iI88T DALY, 2R uRdd@hied YOO pfodibdby RRAIBS a 8} 18Bag@Ch
having two ends that termnate in openings. The bores are configured
to produisentadaf davkewinedSs d ehesentizhepniingt?s iemingies in theuseeriasaeadt 64
to pick yp.af ffb%h%@%tg? fod @E@ung§§4 Sthd RGE Rl aHRsRekRe! OUis afbds thet or
exterior opening each bore is located at the end proflle 66 of
t he wi ngceaaalmmn@g LWeto shrtion prepsrnd shdicesoip dlie GerSE ares of ke atckiep epdhand
central BRe GhE:
Formed i rensfioldly QiR FIRRE: TRR N S RO far B0 LaSethuti 86

di amet eropehmgammle?rwegat’pﬁp hefurthdrdishesesishelve A4S wedharan. pheodeude recess™ or
gener al | oGl 86 WAL Bheh /1B Hofl b ir QBB ROSnf 4o AR oboniou
simlar |'éev negative pressure 1s a on thé ophthalmic lens
frontalIabmemmngsuxhnmmne enbodlnent the bores general ly decrease in
di aneter fromthe outer nost bore 83 towards the inner nost bore 81
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[ 0033] The central bore 88 generally runs longitudinally fromthe
inlet to the threaded bore (not shown), where the pickup head 64
connects to the header connector block 80. and extends through the
intersection of the four wings 68. In one enbodi nent, at the term nal
or distal end 94 of the central bore 88, a reducer 96 is incorporated
to provide a large pressure drop across a central exterior opening 98
of the central bore. The exterior openings 84 cooperate to pick up an

opht hal m.¢.l.ens L re

0Nt DAl Myfekien IS0 ol RRUMILPULGE, Lty SPRLkBchl ndtcent ol

vacuum hegade butb@petrﬂpﬁaerp P2 Il dné ylllb(jdll'ﬂ-d-l tht ohomest Gtriggs 84 of trfeur wings 68

enbodi nent , e ab St 4

times | aff é‘Fe defaé?éi"etpatf“ﬂlg'ﬁt IFI%: V%heagg% plCE)du P IF ‘H’é’ﬁhémf beé%%lﬁﬂ%‘@rﬁe

exanpl e ?&@Wﬂy 0P isFrkdessel frotmhibe diwr eégeex)f ehe ifour ompeupemggs B4 Tans theguigt | v
a

spaced al ong the outer per of ea

conf i gur % ﬁ%s‘%\’"@ “ﬁbé%‘?"ﬂ?pbe&q }(%I%%/% C?Wr%njéwée ‘%HIE} fic @tl%?%“ vgeuwm is
central | ypli@d Tﬂ’hckﬂlbaﬁtheq;ﬁcﬁap H&G 6H %o Im:rlloﬂft ded:utaypa‘rmemr nfjthe oplitlwlio 2enat
t he i nner end of, each

centr nag es
i he Aderdion Tyia sroyab s et iR REn, FEM AR RGBT S
84 of t hayoihen@RboaRSdat, iRkl nfoer penifids S4 R Szc&lahd)pdﬂceﬂb@tlﬁﬂhe}raéleoqsmdl ng
98 to suction areas. and surfaces. in.the g (g cut %ga of1 thﬁ g f’é)
head 64 BoMthioues PRpRER TE S0 LF PPRBHBIS fes % CRKPEH OF 18 1508 FREEHF an
opht hal nj,¢ ¢dn8fSopaSin¥os R récﬁ%e@frbt@.ﬁhdlﬁﬁﬂbﬂ@ﬁn@%-l af is hditeeahcrtgsllr%ly caeered
further di scussed be] ow. (Asl used herein,

" ecess by thapesteiATRrtoYdhe lAseen SUHRD ‘Sfathlllﬁ o\rlé‘\o 5‘!"? s%‘f'd% gﬁﬁshb sane

general phANA R GRERYE br AR R nichBIREIO mag b tratviibeay by BO&M]Al so
shown in partial cut-away viewin FIG 4 is an o hthalmc | ens 90,
whi ch ha@peaing 8Ritesrestys PR ifyﬂﬁeﬁ}‘e@‘?e outEn PPEHRSSAHWYTTHERG "t he out er nost

openi ngspp#jof t hg dreembbdings, fifirakifie cﬁ’b?;ﬁds @ﬁldn@ adert 1S<1mrgiokm¢d aMren
t he picku head 64 pi cks up. th

per i pher§degel} @Gr"ée%‘gé‘&?r? Y’B\ﬁ %Bf‘g fﬂécaé% of ”lzﬁjgml‘)ducf'ﬁ@tsj Speb
openi NgSyBdss ofdHitss 1@Lh@foﬂﬂécﬁdlor@,ﬂﬁd"ﬁbﬂg&'t&%d&rIn{osﬂ@dmlbﬁrmmﬂﬂ atiel y

shi el ded "or covered, by the | ens V\/qﬁ‘g fhcuum i S ﬁ@{?hem
This al | neuniaton widutbe oz bga ThF Bipess oprmesy fibers s Feoprd

the opht]k}am%som@@c@n%awm thIrlnftHelthQ)Sdlafe@LLsﬁdwﬁ e lbard aumamgna p| ck
up operation, further di scussed bel O%g‘{‘}n@ O?Pgl géb Wﬁ L

out er no%’thogﬂ’éhqoﬁg%“%@e@}”é 8 stralapgning RO R R T b ?%’é’a& s ed
from t hesfaihey 10aQhk &QQEMmQ@peﬁfno'@B 2o aptbhialimicdtabvrith agi@nﬂildadaemephiﬁe ed

by the lens. However as the tral o ed fromthe
i nner op@ﬁﬂﬁ'@j@ﬂ@&e“ap{e thespiFigp "E@QPQW%?‘&H:H”EQ?P‘@%EE Cdo b Hpde
posteri ogf tMr@s@E@n&Bh&hi@a'pﬂ:ﬂﬁp Mﬂﬁ@ﬂorﬁbﬁsﬁdg&r})lmslltﬁﬁmpeﬁldgs Asulsetefisaid
fluids and possibly particles fromunr act 81 aI |y .react.ed

nononer SOWVE%J@“’(S@W@%‘W&W SHRK 4CRBMEOR %F ° “‘9"8 % ?”)éélbeer@f’?%" of

whet her {048 oPRERDsHERg 36 gﬁﬂ:\d% adied ﬂLﬁﬂHand [3@.@@)@] SuBpeqdid solids from a
enbodi ment, pluralities of bypass_openings %h‘ﬁ? Ijtl;;%orat ed gl ong

a side viEvicavioBlusng apisker ongEiian. e%“uw GRdpride

addi ti oyt @, Kl uﬂfderﬁ@&iho MRS SpARBEAHaRGuctRF aless cfeﬂﬁé’lﬂﬁ ide8fGudtha pat h
of the outer nost radi al Or98p3 is in Comn.lnlctlon Wit

radi al beesingsthanggyahass pa}se%h?mg'@eafeﬁwa?rent%féefff%éf‘ég REPEIHE ?Wéhtgm
profile ]:QPVIQJ a tsotﬂﬁmﬂfug Ké‘ﬁtlb@[ﬁ'gss@‘é aRch ﬂ1@dés&¢pt@ﬁhﬂ@ﬁn@l§ﬂﬂ1e§d’ﬁ@ﬂ@o uidleRtood

| ocat ed "along a pl ane orthogonal to a plane defining the central
openi ng 9@rovids atChmtgurerﬁm@i@r peplery Heasdaud shapebtofyrpraswbeirahiit vy th thoppsisrier

the cental., QRER: fdQ;.MQk. cone in contact with a lens surface,
t hey havel%lossen englg @ﬁgt enabl e the pickup head to draw away fl uids
and the like. Accordingly, an aspect of the present invention is a

pi ckup head conprising a plurality of openings, a subset of said
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34 provided in accordance with aspects of the present invention is
shown. As previously discussed with reference to FIG 2. the transfer
tray 34 is configured to tenporarily store ophthal mc |enses

foll owi ng a del ensing step, or a washing step, such as a hydrating
step. or a conbination hydrating/extracting step. Although robots or
ot her assenblies may be used to transfer the ophthalmc | enses into
the cavities of the transfer tray, in one enbodi nent, the ophthal mc
| enses ar nual | nsf.er

posteri or[@gﬁs sur‘%’é{%é&e emﬁé ‘ggoc%lr ver}'T f’%g‘?‘% ﬁéwto%}r%aﬁr%e} n?)t ‘%]qens carrier
cavity. Tlnpro&rda&ufa@ccrm@ncbmtﬁ @apmﬁsjoﬁthqmamtih*@nnmpﬂsamm Asmtfefrqualb such

France) BRBIHRRBIr By T feaere e a el SRR g | oo

cavity ap PﬂNaIMdctléhssmudn&ha ﬁ)Elelérafngefepa:rrlaaa;&shmg)sﬁpemhai ehiydrdﬁng etep 01 a
speci fica 34 has a ded

with a pF‘i’J?'?ii’qt'Pi}%B‘iﬁ HAtrdge grp véﬂ%@&l’(?gmépf ‘Gheééissg'lnglﬁeé “faﬁ(?e %eng? h
and the wdtdh tHelbpAhdXSe Riigedtinto thélctRs entho dinzientray, frhenewalbbdimelephad

froma substantially planaf, u r surface 109 in an equally s ed
manner PO ok Pl TR P Gufet Fus D8 B rasin B g
and conf ,gHeede Fa@mh(ﬁlie(?bpémﬁé Mh@ca\ﬂ@fl THRaP 3l Fia@ bt &NBedfisn @ deimbAstia
recei ving area conf Iﬁ @éo hol d the$ terior.| qs rrfa of. the
onehal miarignseh arpnOE B Rl Re i Lo e R icafy G R B I e o
bot t om Wgghéy sRU) f@gﬁn@fesiﬁ‘lhﬁn@ﬁ\lduﬁ yur it DDIBEWcabity 2fa et GRalled oFlafger Aralys
addition to FI & t he cavi té 108 hﬁs@gn 0 enlilf{]g #Iqé{defl neq Eﬁyq
per i met efOFRARHIANR- aVipra seeeLicaile thediay g has ?ﬁ-ﬁlgluf" Tyidth W and, is qeoldeq e ¢
| eaf cl oy@falg YTk etk wells 109%11&&6%11& bhe fdrigh MAd tn&m;mh i $4x8 array. In one
cross-sectional view of

t aken al o i ne 8- he cavi
tapers r &BbAIMSALthRvF!H dgp%}g fiom asvpEsally ngkﬂ Hpﬁeﬁ%“%&‘?/]i O%;)}“ ﬁh%q@al%sﬂaceg
Thgs I E N ahd3t ﬁblf[lcoﬂhe sbhacewidli? fiklctiti&)i 00 brelche: ssRN hrﬁcb’coihﬁﬁlréc&o holdh
undul ating and ta

eri nP Internally, a, cylindrjcal @)&(ﬁrlor secflon
116 (FI Ging§ Wpiepp ¢ fepgyand egvies archglaa%fﬁ &° Fu'i?&“b {hg BPsFFir [eng
non- t apeggglee Hdhd oplaﬂlﬁlnnw/wnmcﬂn ufl bishs aderie lavsirhae: heipgthedommetbion of
the cavity. A substantially SpFIeI’I cal wall section form ng the base
surface tacsef thy €¥dked adj acent the general ly square wall section

118. Thugpsghen amvigpPliRatdioFidens a&cﬂtnbrﬁtoﬂ’ﬂ@.@dwlcﬁwt}ﬂ@S s etnhh@enmo 110
cavities 10 thelnterlor conto thef]?%awtg ghstruc %I

al i gn t heefinghly R perioppir hryings i F VEyFORRETAEntHE B i*b *4§ B
enbodi mMegnfigdhod. ShERY intf1ess, Whas £creachctfonhllvedy IO, Guakdufaldngiliens-

anmount of déionized water, prior to placepent qf the c | enses
t herei n. SWV%I%EEWPW@V 1p1§ﬁr§1h13§1tﬁxg5césdowﬂggﬁé:agfyq¥ hga&}“ﬁ BE it

si nks t ojtehigr HptatoMQfid. Bpofaavdatity 0%ds b@th%ﬁﬂuﬁmﬂé Rigestriby. m&@allv a
structure of the interior wall surface

% shown in ?gs
9, the potingrrskipteior Fetiqmids (FGhEhis frmed %‘h%e“%“? FEECRGBTR “"’P‘ﬁ’é’e

peri nmet eﬁoan: &Jﬂewﬁﬂlﬂ?ﬂ' hnalid digRedd Hé%vﬂiﬂ;@taﬁél@cﬁiecﬁdh%ﬂﬂ{e&:&ﬁtyt IA0dubvritially
the bottom base 114. I n one enbodi nent e dianeter of the_ square

wal | sectpheriral walhgsstign fopning e &ag sttkrse d ?'bﬁé‘tsé?se@ﬁdl?%%t BprFAl RN Eens

i's about yhiftseeridM 180 Mhas. WREEan BRalIeAPRUE phdedGn BB dralfe cavigp1os] el
| ens. I n anot her enbodi nent, the dianeter of the square vvaII section

i s about in@rier sprioupOiXbRERIDISTUYGHIEGIoGEED the s shidatd] %\ﬁsré%"é‘ra [l sigle e
opht hal n(!aglt“lf ASnk Qmixﬁa%lédtttﬂé Bndal @BIRRtard Qchlidd \’?itl?a Siffddn Ld gt @nce.
Thus. an aspect of resent invention is a transfer tra

conpri si deipnigep Makeapiignyo nlﬁce@mi afitesophidalmtel lepses Higreir rlen asgpifhalayg lensds
each COW@MW& e%@tl{égg\l’{h@st fe B qhs%wiﬁe%ﬁ Iﬁ%@lthgcm@%ﬁa ege@wn@@& fbat
tapers t0 a Shal T er dranet ef base surface for Genteri ng t

opht hal nitmctuernd theAntetitravallsntiondi i nds diownheFissedantd. ﬂﬁ\?@l’ﬂhpb’ 2jo8 thg
system conprising a 1x8 array of cavities on a transfer tray, a | x8

9



pl acing transfer solution in the tray cavities 108. In one

enbodi nent. the transfer solution can be deionized water, or an

ot her aqueous solution, such as a saline solution, including a
contact | ens packaging solution. Ophthalmc | enses 90 are then
manual |y placed in the cavities 108, one lens per cavity with the
base curve (posterior surface) up, to formtransfer ready trays 134.
whi ch is understood to nean trays with ophthalnic | enses pl aced

therein. The tr be pl.aced in r

st acks ofP! Wiﬂl‘{i’icg‘?"é 95? é‘fé‘am derpequety ?fghetﬁqﬁzﬂe “’f’ﬁfec{ &t tlrg sﬁegﬂtg?{era‘#snmn

[ g042] Thﬁ‘«}tﬁ Eké%'étctl&fl phseansf Rioné aﬁﬂ}duhélﬁgtﬁe didbetarod e Iamregmalleqactwes atoot

the transfer nodule 18 and 2), .or tr orte ver .u
conveyor 1‘%9@1%‘ﬁ]tllfrd‘%?%rofH’Eﬁﬂlgﬁal@ffgﬁ“%abﬂk}t Wa?a 3 Y3 igric lpppand 2 0(%2%3
nmay be %ﬁgﬁﬁ%@m Eﬁ@%gﬁotﬁt& eb&BHER, PE ﬁi@lﬁa& ofliife s@uarowhli seadersis about
process and a cart is used to transport the r re
trays 1301men torbownlangmdaresroban b fil@neteraﬂf@er?a@ilﬁ # ?@%@ﬁ%@&w

suf fici e&&mﬁfa%ﬁ to@grarfcé L la%s@eueo ?résehﬂ a@veaﬁoriub@trmce@ gy wﬁmﬂng 2
area 60 for picking g pi ck an

| ace rohat arm416 sou% Cil
to disr upiurahwfequ rﬁ%’& mpﬂﬂd’éfé&ssa‘dFB‘GH@WOB‘PEW%%‘”HF alng BEE9%
I's pr Ogr@d’%ﬁn sﬁr‘l’ac%ﬁ?t&f?&g MEEMal B8 dnhees baddQlddcR Bor cait@ig I cphBalii€lens.
second wof ki fig area I n an exenpl ary sequence, the pICk nd, .pl ace
r obot 46Amﬂmsmébd)mgntt0rﬁ de ool iertionds hpvencemphiie BSRTNSRYHE Grea
60 over ntsfeﬁ x§ ﬁﬁg%f girc ]ile%& on A @nPLedticRREd RIl e el Qb&h ltéﬁoﬁ fen

| oners the en ecto and 3) al ong .t hey ami rds the
tray 134mf€¢¢1ma3pmélmp1 th@aﬁ@nﬁh%weeﬂ tweﬁﬁgceﬁﬁﬁ%*é%é’éthﬁﬁﬁ“%fﬁg Ehal eed tray,

correspo IR efR¥h bicSickhp BeddBark Bonetdlid Yhekdide, t@fvithin 0.1
| ower ed @g%%&{ﬁgﬁ%%?tﬁlleggml%eand I r?teb?)ctﬁ efl ui gs co%t ained in the
cavi ti estotdg pick up the ophthal mc | enses 90. Concurrently therew th

or sli gh@b bef Or?Id hq &‘.{EMPP @Qﬁfe@fe@v dfﬂ%{a?g-} btIG. §.h&s §RWhthegay a
vacuum i ied to t e end effector . _Which places the head

connect dnasbh guikr mmﬁdé’ﬂ“ J/%{belm‘??-’é?ﬁﬁwwll“ﬂ@%f WlCIdgrAne 8 SRGEng B2 l?"ﬁe
central hepd a Lkhnsrfresence
now to F&g}e@ f&g}eg{ %e@%?vgi Qfaghh’t}éar ar e%%&grl[ergpl?ﬁ%%%t hn tca{w t?l es
of the tplasedtiereon taftym &stagk qtszansfvrascauw .%lsgéﬁéwaf%famamssegﬁ@@s‘”é
negati vey [-rhé{fz}cli o tf?é’\fer(o?h 8 1h¢ te3AST h@rx‘&éﬁéd ArbBYbglreiidHRd RARALIRieGkatndiead,
|nd|cate8 %g . SInCe the cavities are filled to a

predet erthe pédiebéﬂléHIGwl)t A vbicejlyi the travsarelariguged in 301ane ATHSEREUR by t he
vacuum j-ﬂg}glf&hﬁilﬁu BPQ @ﬂ:@iﬁhﬁ %aclﬂ'tﬁ& (A caebanther mbﬁﬁ&xllo@f@kéﬁmnﬁﬂh

pi ckup hea tray wth vacuum Stl | ﬁ)
appl i ed stheruinsoalesmbesimenls:the Tr%Vé i be HRgked of top pf Gash & ‘“bdJ “‘”E‘)lf“e? H"é“%et

tray. In .}%n Oeﬁé)%gérg&g%d t&pﬂ?ﬁ‘kﬁ@m&d 4Bty REAGY AAMRehebsTorMMAdiad rect |y

tomards ray an heads 64 sticking up the | enses before
the Ii quplulpqsss dannphcetreﬂsyb@mtprré'ddeﬂrubmnvma%%@wter‘%m aEinspthsuriress il al

l'i qui d n’a%le tﬁ 5& lnﬂ%; L%r@@'\%lﬁé@% cEiyifelt tﬁé élﬁe.rr pEﬂﬁet@ﬂ%ii@fi’ﬁ@QE_ﬂfocﬁﬂerl fn

retracted & ?om etr e ophthalmc |enses suctloned to
t he endso1ﬁ&nrbbd1niam the (mu:pormeadgs %8 are about 27.3 mm on centers, the tray height is about

15mm high, the tray width is about 243 mm wide, and the tray length is about 29 mam long.

The well depth measured from the top surface 109 to the tray bottom surface or base 114 is about

13.57 mm.
[0040] The operation of the system provided herein may be understood as follows:
[0041] The thermoformed or injection molded transfer trays 34 are first prepared by

placing transfer solution in the tray cavities 108. In one embodiment. the transfer solution can be
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[ 00451Wth reference nowto FIG 4 in addition to FIG 2, as the end
effector 62 is retracted away fromthe transfer ready tray 134 and
noved over to the first working area 58, vacuum applied to the pickup
head 64 causes excess liquid on the surface of the ophthalmc lens to
be sucked through the central opening 98 and the bypass openings 104
of the pickup head. Consequently, excess liquid present with the
ophthalmc lens is renoved fromthe ophthal mc |ens by the vacuum at

the central opening the bypass openings before being placed into a
blister peickizedTite. orawrothal aqutous selulions 8ish s 3 sin@soMtioBacidias HRBFUFLS: y

of the f'&i}; H@%fﬁﬁahnﬁgﬁtﬂhlﬁd 1fke Wrgﬁeﬁﬁﬁn@ﬂ Ffa@éd iRV iffss 188, one lens

buf f er ed?Sary uti ster pack’to be nore effectlvely
cont r ol | pet cayityl with the bape chre emtmr swifface) upn tffornp Bensfer epaetrays heh which is

dei oni zed ta co t

so: ut : én %%&P )t‘hg%’r ”%S‘“Qg Rﬂha& 1%&@@&‘%%&%' t1?6ﬁn%1£%é§’£ ok
because tdwe o@*awe-ﬁtaa&sh@m 1rasta:ks bfmdttpﬂp gdvst snct epiieerhigher lﬁpgﬁﬂbﬂﬁ@fc
enses Ot 1 SaGAN AN BS, SPAGHGLREIMRGRCARB LRI bt

known. obot | enses wt
repeat ed 1 ®RIGE.doyd ’?‘HOV\EMqurted nvetrmesngv eoTtvem SystEt m:aqﬂmr oepnsrayich & bv hand

I d th t i d _wh
el S 0 el B LA RL-UDER B S P s Bk

pi ckup hgagh @hlksaws rriutsporth ok emcland rapénioady trayss b to tortraniengduls Bhstrer

l'i quid avva mthe | ens.surface p

osnol ar i ’c“;‘} 5( ’étope:%‘ffﬁﬁ%ﬂ e%(ﬁ?ﬁﬁ iﬁavsq %3%? (Lélre P Ptﬁése%é'\i/vde\? i e %0
and 11, ahbRKinkhe be Hatphkland ﬁia&:e&ﬂsﬁanﬁnesqoascioe@ digoupé rhel cbdtmu@nscpkocassd
place ropot 46 returns to. the fi [ . pmred
with a cﬁ'ﬁf‘ﬂl nat e lﬁB'tCkél?%?C&Otioﬁgé Bpl%alm ed% %%éggﬁml ”hes%rgtlr\?ﬁg%ﬁed
over andared 529£lﬂdhﬂetd§hdt\*'tﬂklﬁgweﬁ 6@311152 e@efmpﬂshﬁsdqh«trst ehe mm plege whotdte

blister packs 300, as ustr The g

noved al B‘H‘@estaFPé‘vé}En\re‘S?B’Fdl"??f)ech Imé’“nlﬁf’ tr‘ﬁ%m?f]e ‘?cﬁ@"gr{ A aégéi te% %frgﬁ%@ﬁ%ﬁ{%

pre-fill ezl wikpicRackplag rsbdtus ten lomh@asiﬁdcmmﬂdﬁ% aambﬁlatvgg tedakes.

The pick and pl ace bot 46 i ctivat g the

y coor di Wé“f‘léjst%&? tf”g\}é‘?‘ f’ﬁé"%ﬁ“&% ﬁ‘g’a?abe“}“nnug%?rrg Eéglbo é‘! eﬂ‘ﬁ’%gﬁ&g@dﬂﬁ

packs. [@Q4&kt\When cahaesplioe sl ﬂwhﬁﬁd:df;ﬁaﬁeﬂo@h@d mmhacnmieem@ and inlto e tleds
or_

above the blister pack, the va j of WM, S8

st opped. CopfEnaddn, the Cayitigsdopick uR, Br?ﬁb%mfcger{sﬁsgswoplc%’mum g Lﬁg%&{tﬂ\h&% ity
surface Bcﬂ&%lﬂwm@{ug‘ﬁbﬂ@ dreliywdrétbinivahe daghiss. svnduaces appded tmehemnd ketfertdresdd
surface. The |ens ched to . th i ckup head i,s h he
ackag nERELPIET A TR RETT LB aERer et aat Prey HEn R B H o
packagi n&n&@l'li&ds(sls ofﬁﬁ&léiohﬁpw}mplh&elslsens bei ng rel eased front the

Kk head d
Pi ckub DGR DSEAM AL hI! 3! 8 b DS pRRGKAGAIEN GEILLER B ekt

di schar ggf apesnrtd pady trzi},el_)pl Clstym I‘s@aﬁhrﬁéd mletamslaea h@meammi ﬂw te.d.awer ed

bel ow t he surface, of the ut.i ons be vac ed

of f . O"IC@’dtIQEthEIS) @fofeac]f 5: ﬁitcﬁéﬂ%%agglbéﬂgj aggB%r% eth cra(\)rurﬁe fﬁ% %lléd‘%{%g

head 64 gRgkdrhdatseveDwiihRqud tiediubfis § §d&eorbﬂn@hyebv tpua&:k:uuﬁﬁh'l‘be nuclmpésa;is .
1sﬂl pac

W 1 packbBFhEILE BASartr 6F S GIRLR g rbareht 5o d0s AT SGak g ol

all or aa;ﬁa‘ﬂ@ﬁ."[‘ﬂ@ aflicl DRUPAGIKS Gt tsIR déidnBRd (DI) water out of the wet tray. In one
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[ 00501FI G 10 shows the blister packages 40 each with a peel able foil
cover 136. as reflected by the reflective cross-hatchings. The foil

covers 136 are placed over the blister packages after the ophthalmc
| enses are placed therein, one | ens per package. 100511l n view of the
di scl osure herein, it can be appreciated that with the present trays
34 the ophthalmc |lenses present in the liquid in the cavities of the
trays 34 remain centered or substantially centered in the cavities.
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aut omat edl y using cameras and vari ous conputer software prograns
configured to detect |ens defects. [0055] Al though the disclosure
herein refers to certain specific enbodinents, it is to be understood
that these enbodi nents are presented by way of exanple and not by way
of limtation. The intent of the foregoing detail ed description,

al t hough di scussi ng exenpl ary enbodi nents. is to be construed to
cover all nodifications, alternatives, and equivalents of the

enbodi ments as nay fall] within the spirit and sco e nt i
as defi né¥48Y t he lgPegthis cmbegiaent; Gring Hiedsghyes operation, qlf plcg %‘éﬁaﬁg
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ophthalmc lens 1n a volune of liquid in a | ens carrier
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package h%%oﬁ ’ﬂ e G2 &£¥ s uibgcei ve the wet lens; and rel easing the
wet | ens®from %ens pick up head into the cavity of the
blister pWéRlhge, FIG. 10shows the hlister packages 40 each with a peelable Toil cover 136. as

reflected by the reflective cross-hatchings. The foil covers 136 are placed over the blister
packages after the ophthalimic lenses are placed therein. one lens per package.

[0051] In view of the disclosure herein, it can be appreciated that with the present trays
34 the ophthalmic lenses present in the liquid in the cavities of the trays 34 remaia centered ot
substantially centered in the cavities. This self-centering is effective in reducing variability in
lens position within the cavity and thereby reduces the potential that the pickup head will
inadvertently miss the lens during the pick-up process. Ideally, the centering of the ophthalmic
Jens provided by the cavity results in zero misses by the pickup head and achieves a yield of
100% in a batch of lenses being transferred. As discussed herein. the cavity of the illustrated
embodiment has a wavy or undulating conical sidewall that tapers from a wider dimension at the
cavity opening to a narrower dimension near the bottom of the cavity. The cavity has a
cylindrical bottom sidewall disposed between the conical sidewalt and the bottom surface of the
cavity. The bottom surface of the cavity can be defined by a spherical curve in the illustrated
embodiment. In addition, by providing a wavy or undulating conical sidewall, it is possible that
portions of the sidewall act as channels along which a liquid can flow.

[0032] Additionally, with the present pickup heads, it is now possible to pick up a wert
hydrogel lens using vacuum pressure without damaging the lens, to control the amount of liquid
transferred with the lens from the teay to the blister pack. or both. The reduced damage to the
lens compared to other pickup heads used to transfer wet hydrogel lenses can be attributed to the
unique bore design of the pickup head in which the vacuum pressure does not become excessive.
causing dimpling and/or other damage to the lens. Similarly, in embodiments of the unique bore
configuration with the ability to remove excess liquid during the transfer. the removal of excess
liquid helps reduce contamination of the packaging liquid in the blister pack, and thereby assists

in maintaining the predetermined conditions of the packaging liquid, such as the osmolarity of



wherein the well of the lens carrier includes a sidewall portion and
bottom surface in contact with the sidewall portion configured to
center the ophthalmc lens in the well, or wher ei n, during
the noving, the wet lens is fixed to a first set of holes in the .
surface of the wet |lens pick up head and is retained to the surface
by vacuum and excess liquid is renoved fromthe wet | ens by a second
set of holes recessed fromthe surface having the curvature.
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[0053] With the present pickup heads and trays. it is pessible to also effectively center
the lens in the recess of the blister pack since the original position of the lens in the tray cavity is
known. The ophthalmic lenses can be transferred into a blister pack that already contains a
liquid in the blister pack cavity to reduce bubble formation that may result from placing the lens
and liquid in the blister pack. The centered lenses preferably do not contact the sidewalls of the
blister pack cavities when located in the packaging liquid. By reducing the amount of contact
between the lens and the blister pack cavity sidewall, it is easier to obtain a reliable image of the
lens in the blister pack during a lens inspection procedure, and te reduce the number of detected
defects that are false positives (i.e., resulting from the contact between the lens and the sidewall,
as compared to actual defects of the lens).

[0054] Once in the blister pack cavity, the lenses can be inspected manually or
antomatedly using cameras and various computer software programs configured to detect lens
defects.

[0055] Although the disclosure herein refers to certain specific embodiments. it is to be
understood that these embodiments are presented by way of example and not by way of
limitation. The intent of the foregoing detailed description, although discussing exemplary
embodiments. is to be construed to cover all madifications, alternatives, and equivalents of the

embodiments as may falt within the spirit and scope of the invention as defined by the claims.
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What is claimed is:

1. A method of manufacturing an ophthalmic lens, comprising:

providing an ophthalmic lens in a volume ofliquid in a well of a lens carrier so
that the ophthalmic lens is understood to be a wet lens;

removing the wet lens from the well using a wet lens pick up head;

moving the wet lens pick up head with the wet lens fixed to a surface having a
curvature of the wet lens pick up head toward a blister package having a cavity to receive the wet
lens; and

releasing the wet lens from the wet lens pick up head into the cavity of the blister
package,

wherein the well of the lens carrier includes a sidewall portion and bottom surface
in contact with the sidewall portion configured to center the ophthalmic lens in the well, or

wherein, during the moving, the wet lens is fixed to a first set ofholes in the
surface of the wet lens pick up head and is retained to the surface by vacuum, and excess liquid
is removed from the wet lens by a second set of holes recessed from the surface having the
curvature.

2. The method of claim 1, wherein the step of releasing the wet lens comprises
releasing the wet lens into a volume of packaging solution.

3. The method of claim 1, wherein the lens pick up head comprises spaced apart
wings, each wing comprising an end surface comprising a curved end profile and wherein the
first set of holes are formed on the end surface and are used to apply a vacuum to the wet lens
during moving the lens.

4. The method of claim 1, wherein the step of releasing the wet lens comprises
releasing the lens in the volume of liquid in the well with a base curve of the lens facing up.

5. The method of claim 1, wherein the side wall portion of the well comprises an

undulating and tapering surface effective in centering the wet lens in the well.
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