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13 UNITED STATES DISTRICT COURT
14 SOUTHERN DISTRICT OF CALIFORNFA
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16 {{ SIGNET ARMORLITE, INC., a Delaware CASE NO.
corporation,
17 COMPLAINT FOR PATENT
Plaintiff, INFRINGEMENT
18 [35 U.S.C. §§ 271, 281, et seq.]
V.
19
OPTICAL DYNAMICS CORPORATION,
20 || a Delaware corporation,
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22
23 Now comes Plaintiff, Signet Armorlite, Inc., a Delaware corporation, by its attorneys, and
24| as its Complaint against Defendant Optical Dynamics Corporation, alleges as follows:
25 PARTIES
26 1. Plaintiff Signet Armorlite, Inc. ("Signet" or "plaintiff"), is a corporation organized
27 || and existing under the laws of the State of Delaware, and has a principal place of business within
28 || this District at San Marcos, California.

CASENO.

233007 1 £ \‘r\INAL




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Case 3:00-cv-02342-BTM-JAH Document 1 Filed 11/21/00 Page 3 of 15

2. On information and belief, Defendant Optical Dynamics Corporation ("ODC" or
"defendant") is a corporation organized and existing under the laws of the State of Delaware, and
has a principal place of business at Louisville, Kentucky. On information and belief, ODC is
licensed to do business within the State of California and is doing business within this District.

JURISDICTION AND VENUE

3 This Court has jurisdiction over the parties and the subject matter of this action
under the Patent Laws of the United States, Title 35, United States Code, and pursuant to Title
28, United States Code, Sections 1331 and 1338(a).

4, Venue properly lies within this judicial district pursuant to Title 28, United States
Code, Sections 1391(b), (c) and 1400(b).

GENERAL ALLEGATIONS

5. Signet is a manufacturer of a variety of ophthalmic products including semi-finished
plastic ophthalmic eyeglass lenses. Signet sells its semi-finished lenses to optometrists, optical
laboratories and other vision professionals Iocated in this District and elsewhere in this country
for their use in preparing prescription eyeglasses for consumers.

6. Plastic eyeglass lenses are popular due to factors including decreased weight of the
lenses, higher impact resistance and lower cost as compared to traditional glass lenses. However,
many plastic lenses suffer from scratching and other forms of surface abrasion due to the relatively
soft nature of the plastic lens surface. Dust, sand and even simple cleaning with cloth or tissue
can abrade or mar the outer surface of certain plastic lenses. Such abrasions can make the lenses
appear hazy or cloudy when looked through to the point that they are not useable by the consumer.
As a result, Signet and others have developed processes for imparting an abrasion-resistant
coatings to the outer surface of the plastic lens.

7. Signet is the owner by assignment of U.S. Patent No. 5,049,321 ("the 321 patent")
which was duly and legally issued on September 17, 1991. A copy of the ‘321 patent is attached
hereto as Exhibit A and is hereby incorporated by reference.

8. The ‘321 patent claims, inter alia, processes for imparting abrasion-resistant

coatings to ophthalmic lenses using certain "In-Mold" coating procedures. As recited in the

.
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independent claims 1 and 14 of the ‘321 patent, their claimed processes include, inter alia: (1)
applying a coating composition containing certain acrylate-containing compounds, photoinitiators
and inhibitors to the face of the lens mold, (b) hardening the coating on the mold surface by use
of ultraviolet radiation to an abrasion resistant state, but providing sufficient acrylates in the
coating for a further reaction with a lens forming material, (c) filling the lens mold with a lens
forming material, (d) permitting the lens-forming material to harden and react with the reactive

acrylate groups of the hardened coating ; and (e) removing the hardened lens with the coating from

the mold.
9. As disclosed in the ‘321 patent, In-Mold coating has certain advantages in
production and the quality of the finished product. Because In-Mold coating is applied directly

to the mold surface, the coating nearly exactly replicates the lens mold. This lessens or eliminates
additional steps and defects inherent in other methods that apply coatings to lenses after they are
cast. With dip-coating, flow-coating and spin-coating techniques for example, the coatings have
a tendency to collect and blur vision in areas where the lens changes shape, such as around lines
inherent in bifocals or other multi-vision lenses.

10.  Oninformation and belief, ODC is making, offering for sale, selling and using lens-
making equipment in this country for making abrasion-resistant coated lenses. At least some of
the equipment uses the processes claimed in the ‘321 patent without permission from Signet. On
information and belief, such ODC equipment includes its lens-making systems offered for sale
and/or sold by ODC under the mark "Q-2100", inciuding ODC systems offered for sale and/or
sold under that mark at the November 2-4, 2000 the Optical Laboratories Association Trade Show
held in this District at San Diego, California. On information and belief, such systems instruct
and permit the user to make In-Mold coated lenses covered by the ‘321 patent by directing the user
to: (a) apply ODC’s ‘MCote" abrasion-resistant coating composition containing acrylate
functional groups to the inside face of a lens mold, (b) harden that coating by exposing it to
ultraviolet light provided by the equipment, (¢) fill the coated mold with a lens material, (d) react
rematning acrylates in the coating with a lens-forming material while hardening the lens material,

and (e) remove the coated, abrasion-resistant ophthalmic lens product from the mold.
13-
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11.  On information and belief, the Q-2100 equipment and its instructions supplied by
ODC actively direct and cause the user to practice and directly infringe each step recited in at

least claim 1 of the ‘321 patent, thereby making ODC liable for inducing infringement of the ‘321

patent within the meaning of Section 271(b) of Title 35, United States Code in this District and
elsewhere in this country.

12.  On information and belief ODC has, by its qualty control procedures and by its
promotional demonstrations of its lens-making systems including the Q-2100 systems, practiced
directly each step of at least claim 1 of the *321 without permission from Signet such that ODC
has directly infringed the ’321 patent in this District and elsewhere in this country.

13.  On information and belief ODC knew, by virtue of prior business relationships
between one or more of its officers and Signet, of the existence of the ‘321 patent. Consequently,
ODC’s aforesaid actions, continued in the face of that actual notice, amount to willful infringement
of that patent.

14,  ODC has engaged in the aforesaid activities within this judicial District and
elsewhere in the United States, without the consent of Signet, and will continue to do so unless
enjoined by this Court.

15. By reason of the acts of infringement alleged herein, Signet has suffered and will
continue to suffer damages caused by the acts of ODC complained of herein.

16.  Unless enjoined, ODC will continue to infringe the ‘321 patent, and continue to

cause Signet irreparable injury and harm.

PRAYER FOR RELIEF

WHEREFORE, plaintiff prays for the following relief:

1. That this Court issue a declaration that Signet’s U.S. Patent No. 5,049,321 is valid,
enforceable, and infringed by ODC’s lens-making systems employing In-Mold
coating processes, including ODC’s Q-2100 Systems;

2. That a permanent injunction be issued against further infringement of U.S. Patent
No. 5,049,321 by ODC and its officers, employees, agents, parents, subsidiaries,
and alt others acting in active concert with ODC;

4.
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DATED: November 21, 2000

2330071

That Signet be awarded damages for ODC’s infringement of U.S. Patent
No. 5,049,321, and that such damages be trebled in accord with 35 U.S.C. § 284;
That interest and the costs of this action be assessed against ODC;

That Signet be awarded its reasonable attorneys’ fees in accord with 35 U.S.C.
§ 285; and

That Signet be awarded such other and further relief as this Court deems

appropriate and just.

DUCKOR SPRADLING & METZGER
A Law Corporation

. %ﬁm//%,

JOHN C 1\%‘1
GREGO LSON

RICHARD A. SCHNURR

RICHARD M. LABARGE
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MARSHALL, O’'TOOLE, GERSTEIN,
MURRAY & BORUN

233 S. Wacker Drive, Suite 6300
Chicago, Illinois 60606
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(57 ABSTRACT

A method for coating a plastic Jens element including
applying s coarng composition comsisting substanially
of reactants having ut least triacrylate Rmcrioualivy, o
photo-initator and s palymerization inhiblior reactive
with oxygea to the faca of & mold. The coating is sub-
jecid to uitraviolet light in an axygen contatning envi-
ronment such that a hard abrasion-resistant costing is
formed. The mold is then filled with a lens forming
composition which is reastive with acrylate groups of
the coating at the coating/1ems interface. The Jent form-
ing composition it permitted Yo cure in the mold with
the leas forming compoaition being bonded 10 the fens

coating.

26 Claims, No Drawings
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1

METHOD FOR FORMING COATED PLASTIC
' OFTICAL ELEMENTS :

This is 8 continuation of Ser. No. 07/173,290 filad
Mar, 25, 1988 (now sbandoned) which was a continua-
nom of Ser. No. 06,818,729 filed Jan. 14, 1986 {now
. abandoned.

BACKGROUND OF THE INVENT!ON

1. Field of the Invention
The present invexstion relates to casted ophthalmic

10

jens and to the methad of applying a coating 1o such a -

lers, and in parriculr, it relates o applying a thin tayer
of 8 compaositiop conlaining reactants having a triacryl-
ate funcrionality.

2. Dexcripion of the Prior Ant

Optically clear, palymerizable, cast or molded plas-
rics having a high light transmission and low haze are
increasingly preferred over glass for ophthalmic lens
material due ro lighter weight, higher impact resistance
and breekage resistance, as well as Jower manufagturing
costs in high-volume applications, Optical clements and
lensrs of uncoated plastic, however, seifer by compari-
son to glass from poor resistance 1o sbrasion, scratching
and marring which results in surface haze and poor
image quality as well a5 low resistance t0 some common
chemicals and solvents. Numerous commercial prod-
ucts bave beep introduced which have 2 hardesating o
prozect the plastic lens,

Conventional methods of applying such hardeoadng
compositans cmploy flowcoating, dipping, spraying,
spin costing, curtincosting, and vatiows other meth-
ode. All of these mcthods apply the coating to a previ-
ously formed or shaped, molded or cast plastic optical
elemnest or lens. However, certain advantages exist for
epplying the hardcoating composition into the mald
hefore cesting of molding takew place, then pardally or
fully polymerizing the coating with the coating adher-
ing 10 the molded plaszic optical element at the time of
removal from the mold. Examples of in-mold coating
proceswss for forming labels on plastic conmn:rs are
deseribed 1n the following patents.

Invenior Paient No.
Rox 490,054
Baryme: ot ol 4 075, 648
Stat ot al 4479170
Slat e b 479,77}

Examples of in-mold processes which provide a dec-
arative or protecrive costing on nonoptical thermosar
molded plastics or plastic parts are described in the
[ollowing patents:

Inventor Prient No,
Verwer et ol 4317235
Logwr 2t o 4,510.0682
Mukhlool et al 2ATT 408
Madur er sl 4443177
Ungar e al 4499235
Movnet 4,491,763
Oriffith et ud 44]8,082
Mampter 4515543
Cabbledick 15150
4,508,788

Cobbledick ot of

a5

50

33

&5

2

Hard coating of polymethyl methacrylate (PMMA)
cell-cast acrylic sheet windows i described in Japanese
Patent 74-45965 imsoed oo May 2, 1974 to Oshims et al.
The coating is applied in-mold and is subjected to a
plurality of expesures to actinic or wlraviolet radiation
before filling the mold with a suitable polymenzable
resin. The coating is cured in situ with the acrylic sheet.
One drawback to this process is that the freshly coated
uald s blanketed with an inert gas atmosphere before
expasing the witravialer-curable casting compaosition to
an uliraviolet radiation source.

The Oshime ¢t al U.S, Paz. No. 3,968,305 also de-
scribes providing a protective coating layer 10 acrylic
theet windows. Preferred coating compositions include
trimethylolechane triscrylste, trimethylolpropane tn-
scrylate, penwerythrital tetrucrylate. The caoating is
palymerized preferably by ultraviolet rayy with the
polymerizstion cartied out io noncontact with oxygen,
A photosemitizer is wed, capeble of actlvating the
polymerizable coating marerial at a wavelength ranging
from 3000 to 4000 A, o produce a radical with & pre-
ferred photosensitizer being a carbony! compound.
After the coating cornposition is placed on the mold -
surface, a fitlm having litde or no affinity for the coating
composition is made o adhere closely 10 the coning
compositon to ensure that no ajir bubbles are left there-
berween preventing the coating composition from com-
ing into contact with oxygen. After the coating compo-
siion is cured o the degree desired. the film is removed
and monomer for the formation of the polymenc body
of the artcle is disposed on the coated cured compasi-
tion. Although the coating material is polymerized 10 8
great degm:. there is adhesiem of the surface layer o0
the resin forming the shaped zriicle.

The Matsus et al U.S. Pst. No. 3,968,309 describes 8
process for applying an abrasion resistant coating on &
substrate of plastic. The coating consists of az least 30%
by weight polyfunctional compounds selected from the
group consisting of polymethecryloyloxy compounds
having at lexst three methacryloyloxy groups in ome
tmolecule with the molegules having a molecular weight
of 250 to 800 and polyacryloyloxy compounds having at
least 3 scryloyloxy groups in cach molecule, and a fluo-
rine<containing surfactant, jn which the fluorine arom is
bonded 1o a carbon atom. The caating is either spplied
to the already molded plastic substrate or is applied (0
the mold and the coating is cured by ultraviolet radia-
tion in o nitrogen etmoeuphere,

The Rusel]l U.S. Pai, No. 4,338,269 disclosss an in-
mold spplied hardcosting composition for the forma-
tion of a cosred ophthalmic lens. The coating composi-
don mcludes 2 pentacrythrital-based polyacrylate in
combination with a cellulose ester or vinyl chloride-
vinyl-acetate-containing  copolymer (the funcrion of
which is to reduce surface oxygem inhibition during
cure) fallowed by ultraviolet actinic radiation 10 form a
cwred abrasion-resistant coating n the presence of an
ordinary orygen-containing atmesphere. However, in.
order 10 obtzin a ssrisfactory degree of crosslinking in
the prasence of witravislet radiation in an ordinary oxy-
gen-containing environment, the Russell compasitions
contain a cellulose ester or = vinyl chloride-vinyl ace-
tate containing copolymer in substantizl proponion.
Conseguently, the Russel] coating does not achieve the
abrasion resistance that is presently desirable for oph-
thalmic lenses.

The Sandvig et a] U.S. Pat. No. 4.534,572 describes
sn in-mold herdeoated plastic ophthalmic les which
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3
employs an ethylenically-reactive-unsirorated mono-
mer/oligomer-containing formulation which is applied
10 & mold surface. Solvents in the formulation are vola-
tilized and the formularion is broaght ¢o an imlermadiaie
degree of crosslinking by cither heat or acvinic radiation
10 form 2 dry tack-free Bim having sufficient adhesion
and echesive strength w the mold surface 10 permit
further processing and to precissly replicas the meld
surface 50 2s 10 be free of optical defects. The coating =y
this point i5 in a soft-nonabrasion-resitiant “gelled”
polymer state. The lens forming material is then intro-
duced into the mold and the lens forming malerial along
with the coating composition is then sutssquently
crosslinked or hardened by liest or UV, The lens is
removed with the coating adhering 10 the fully poly-
merized plastic lens, both being in a Mully cured swte.

SUMMARY OF THE INVENTION

The present mvention includes an ophthalmic lens
having an abrasion resistant coating and method for
forming the same. The coatipg composition consists
subszantially of reactaps having ar least triscrylate
functionality, a photoinitiator and a polymerization
inhibitor resttive with oxygen, The methed includes
applying an ultraviolet curable liquid coating composi-
tion gn a first face of a mold. The coating is subjected to
ultraviolet radiation [tom an ultravioler radiation
sDUrce in an oxygen containing environment such chat
the coating compositon is cured to a hard/abrasion-
resustant state. The mold is then Flled with a liquid
rmaterial to form the aphthalmic lens. The ophthalmic
lens material is permitted to harden aad rescr with scry-
late groups at the coating/lens interface, After the oph-
thalmic lens marerial is cured, the coared Jens is re-
moved [ror the mold with the coating adhering
therets.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention includes a process for produc-
iug an ophtbalmic lens having an abresion resmwat
coating in sity, For purposas of the prosent applicarion,
“abrasion resistant coating™ is defined as 2 coating pro-
viding a greater resistance to abrasion than the ophrhal-
mic lens. The coaring is applied to 1 mold surface and
cured to an ahrasion fesistant state in an caygen epvi-
ronnent using ultraviolet radistion. Material 1o form
the lens is then introduced into the mold and cured (o a
hard state with the coating adhering 1o the lens mate-
rial. The molds used to form the coated lens of the
present inventian are well known in the art. The molds
have firet and second mold sections that form front and
back optical surfaces of the lens. At least one of 1hese
mold sections has a surfaze thar forms a finiched oprical
surface.

The coating comnpasition of the present invention
applied to et least one of the mold surfaces by any one
of 3 vari=ty of techniques that includes spraying, dip-
ping, brushing, flowcosring, spm costing end the like. A
preferred methad of applying the coating is flowcoar-
ing. :
The coaung composition of the present invention
pamarily consists of reactanis having ai leasi & trseryl-
ate funcrionality. In other words, the composition in-
cludes predominately manomers or oligomers having at
lexst three ot more eerylate-fimetional groups per mole-

5,049,321
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cxcellent levels of sbrasion resistance and surface hard-
ness once cured

A preferred compoaition having such triacrylate or
polyscrylate functriouslity includes monomer or ofigo-
mer constitusts thae form pentaerythriol tetraacrylate
{PETA), dipentaeryihritol monohydrosy pentaacrylate
{DPMHPA), trimethrylolpropane  trimethylscrylare
(TMPTA), blends or alipomers thereof, as well as other
polyacrylate-fuscrionsl prepolymers. It is preferred
that reactants having roacrylate funcronality having a
molecular weight of less than 2000 and more preferably
1 melecular weight of |ess than 600

The preferred constituent of the costing composition
of the present invention includes PETA, which is cam-
mercially supplied under the designation SR-295 by the
Sartomer Resin Division of Arlaptic Richfield Com-
pany. It is believed that PETA bas the following gen-
cral formula;

0 i
CH1R=CHCOCH: CH2OCCH=CH:
. <.

cH:-cHﬁ'oc:H; CH :Oﬁcri;CH;

PETA i5 a waxy solid 1t room remperature and is
diluted with n low viscosity, highly volatile salvem so
that the coating may be readily spplied to the face of a
mald. A preferred wlvent is methylene chloride, Other
solvents, such as methyl ethyl ketone arc also includable
within the scope of the present invention.

An important constituent of the coating composition
of the present invention is 2 photainitator to provide
maximum ultraviolet-initiated crosslinking reaction. A
photoinitiator far purposes of the present inventon is
defined as a compound which can be raised m an ex-
cited elecironic energy statc by the absarplion of elec-
tromagnetic radintion in the form of ultraviolet or visi-
ble light and which, through sither intramolecular or
intermolecular attraction, can result in the formation of
& reactive intermnediare. The photownitiator further initi-
utcs polymerization of the PETA 1o cause crosslinking
therein.

In the prior art, many types of photomnitistors have
been used to cure coating compasitions which are ap-
pliad to lenses. For example, the Oshims e sl U.S. Par
Nao. 1,968,30% mcludes the use of azobrssobmronitrile,
benzay! peroxide, Jauroyl peraxide and benzoin aod its
alky] ether, the alkyi group having a1 most 4 carbon
atoms. Although such photoinitiarors provide a mecha-
nism for curing the coating composition using ultrvio-
let radiation, the ultrevioler mediation caring must be
periormed under an inert envitronment oF various oxy-
gen scevengers. such as nitrogen-coptaining com-
pounds, must be used. However, these methods suffer in
that 1he constituents used to minimize oxygen inhibition
redoce the effective crosslinked dewnsity of the resybting
cured film, resulting in a plasricized. weaker and less
abrasion-resistant cured film surfece. Furthermore, in
order for the coating to sdhere to the lens material,
either the coating is not fully cured, providing func-
tiomel groops gt the mterface berween the coaung and
the jens material, such as is described in the Sandvig et
al U.S. Par, No. 4.544,572, or the photoinitiator is of a
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' 5
al US. Pxt. Na. 3,968,305 or the Matsuo et al US. Pat
No. 3,968,305. However, the use of a less afficient pho-
1oinitistor has the disadvantage of providing a less abre-
sion resistant coating.

The present invention requires the use of highly effi-
cienr phoroinitiators 1o cure the casting composition
without regard to adherance of the coaring composition
to the lens material, Applicant has found that a suitable
photomitiator includes arcketones and sromatic-con-
raining kewones. The preferred photoinitiator of the
present invcation is 1-hydroxy- cyciohexyl-phenyl ke-
tone, which is employed at concentrations of 0.1-10.0%
by weight of the resin solids and most preferably in the
range of 2-3% by weigln of the resin wolids. The pre-
ferred photoinitiatar is marketed under the designation
of IRGACURE 184 by Ciha-Geigy.

The usa of a mere highly efficient photainitistor sys-
temn permits curing of the coating composition without
regard o whether the curing mkes phecz in 20 oxygen
cavironment of in an inert environment.

The ultraviolet source used in the present invention is
a commercially-available medium-pressure mefTury
lamp having its greatest output in the wavelength range
of 240-2%0 nm. The wavelength range of 240-270 nm
resules ja an efficiont ebsorpdon of UV by the preferred
photoinitiatar of the present invantion.

To prevent premature polymerization or gelling of
the coating solution before UV exposure, & polymeriza-
von inhibitor s provided in the coating composition of
the present invention It has been found by the applicant
thai in addition 10 providing useful storage and working
life o the coating solution, the inhibitor preserves a
molecular fayer of unreacied acrylate groups on the
surface of the coating compasition which inicrfaces
with the lens [orming material while still permirting UV
cure in an oxygen cnvironmmem to form a highly cross-
linked flm on ths mold. It is believed thar the acrylate
groups of the coating campasition form carbon-to-car-
han covalent bonds adhering the coaling composition
1o the lens although the comting composition is “fully
cured.”

Polymerizanion tnhititors weful in the present mven-
tion include compounds in the unsubstituted and subst-
tuted hydroquinone family, A preferred mhibitor is
moooethyl ether hydroquinone (MEHQ). Approxi-
maiely 100 o 2000 parts per million of MEHQ with
preferably spproximmisly 350 parvs per muthon of
MERQ resuls in sufficlem functional groups being left
active in the interface beeween the coating and the lens
materiel without affecting complete cure n the remain.
ing portion of the coaung and withour affecting the
abresion resmunrce of the coating,

The following theory is proposed as an explanation,
withoat the applicant being bound thereto, as 1o the
mechanism of the: formation of the coating composition
and its sdherance to the lens polymer. When the coaring
compasition i suhiected 1o wlrravialel radiation, the
curing of the codting composition is srratificd as u func-
tion of its distance within the thickness of the coating.
Specifically, for any given point within the coating film,
the ultreviolet dose will be inversely proportionai to the
square of the dismoce, with the highest dose being ad-
ministered to the surface nearsst the ultraviolet seurce,
and the lowest dose reczived at the interface of the
oold surface with miermediare doses m between, Suffi-
cieni UV dasape is applied to penetrate through the
coaung fim and provides essencally complete cross-
linking of the layer of coaring at the coating/mold sur-
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fare interface However, the oxygen inhibitor saves a
sufficiently large population of scrylate functional
groups at the coating/lens polymer interface so that the
covalent chemical bonds can be formed betwren the
coaling composition and the lens polymer. [t is balieved
that this covalent bonding provides the strong adher-
ance of the coating composition 12 the lens polymer.

Alfter the coating has been cured, the lens forming
material js introduced imo the mold © form the oph-
thalmic lens. A suitable material is an acryl- or allyl-
functional polymer, with the latter being a preferred
embodiment for casting ophthalmic lenses (and more
prefcrably allyl diglycol carbomate monomer or pre-
polymer, such s 5 commercially available as PPG
Industrics” CR-39 monomer). Mothylmethacrylate is
alsa 3 suitable lens-forming materinl. At the lens/coat-
ing interfece, carbop-to-carbon covalent bonds sre
formed between the lens material and the iayer of resid-
uzl sctive acryiamne groups of the corting matenial. The
bonds that are formed provide secure adherance of the
coating 1o the lons materigl.

Alter the lens polymer hes hardened, the solid lens s
removed from the mold with the coating strongly ad-
bered 1o the lens matenial.

The fallowing exsmples are for llustrative purpases
only and are not 16 be considered a5 limiting the present
invention. Unless otherwise noted, all references to
parts arc 1o parts by weight,

EXAMPLE 1

A liquid hardcosting general forpulaton was pre-
pared consisting of:

100 parts PETA (pentacrythritol tetraacryletwe)

15 parts photoigicator (i-bydroxy cyclohcayl

phenyl ketone)

900 pans solvent (methylene chloride)

This formulation was flowcosmd onm cleaged glass
single and bifocel lens roalds (with the reading segment
ledge in a verticel orientation), then heat-dried to assuce
complere solven: removal. The coated molds were then
cured under a conveyorized Fusion Systems’ Super Six
UV lep (six-inch Hg batb, mred 200 watts per inch).
The coated molds traveled along the axis of the con-
veyor, which was perpendicular 1o the axis of the six-
inch UV lamp employed, and the front plane of the
conted molds was 24 inches from the front plane of the
fornsed lomp reflector. Conveyor line speed was one
inch per second. Total expesure wonld depend upon the
number of passes given the particular mold, with each
pass yielding about 1 Joule/cm? caposure dose. The
molds and coating compesition were sxposed to four
pastes.

At this point, the coated molds were 1ested by rub-
bing with steel wool manually. Under light 1o medium
pressure, anly [ight scratches were evident; only under
very heavy pressure were readily visible scratches
noted. The zoatsd molds were next spot-tested by wip-
ing with MEK-sarurated tssues vigorously; if the coat-
ing was not tightly crosslinked, the coating would haze
or lose its glossy surface appesrance. All molds receiv-
ing two or more pesses under the UV source passed
both stee] wool and solvent resistance tests

The coated molds were then assembled with un-
coated rates to produce semi-finished bifocal lenses.
The coared fromt mold plos & flexibe gavker were fiiked
with conventional peroxidecontaining CR-39 syrup
manuslly, Then the uncasted top mold wes pushed into
place, pushing out any air and excess CR-39 syrup. A
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stae] spring clip was used to hold the two molds tighdy
in place. The filed moldser eotld ther be cared coaven-
tionally by circulating air ovens or by heated water-
bath autoclaves. Using the latter method, care took
place over a period of progressive temperature in-
creaset up to & pesk platesu temperature of 120° F.
Tous} cycle fime was 11 hour, afier which ihe ussem-
blics were broken open and the lenses demalded and
allowed o cool before testing.

Adhesion testing was performed uslng a crosshatch-
tape-pull method (ASTM-D-3159-1978). Tests were run
aher demolded lenses enaled o room fesoperature, and
again after 30-minute immersion in boiling warer (wo
simulate laboratory lens coloring with heated dye hath);
perfect adhssion (ASTM rating of 5) was obtained.

Abrasion resistance was also tested using ASTM-F.
735-}981 “oacillating stnd abrader™ test equipment and
method. A rypical uncoated CR-39 lens received a 7 or
B test value on this method, with the highest ever com-
mercinlly-pyailable coated CR-39 leny receiving aver-
age valucs of 33-34. Most {scrary-coated CR-39 lenses
from the world class lens manufacturers average be-
tween 15 and 25 on this t=st, The coatings of the present
invention were generally superior w sny of the rzst and
only slightly behind the best ever, with averuige values
of 28-30.

The coated lenses also passed wet and dry heat ther-
mal tests, and thermal shock teyts without delamination
or Joss of adhesion.

Thz wet hear therntal et includes placmg the coated
lens in the holder and o water between 94° C. and
100" C. The coated lens is removed and checked for
defeces, such as delamination, during the following
intervals: | minute. 2 minutes, 3 minuiet, § minures, 168
mimmes, 1§ mimmes, 20 mivaes, 30 mirmtes emd ? oo,

Using the dry thermal test, the coated fens is placed in
a convection oven which has been preheated 1o 100° C.
the coated lens was checked for defects at one hout
intervals unti} failure or 8 hours, whichever comes first,
The coared lens & gives 2 pmy mating of there s no
visible degradation of the coating.

The costed surfaces were ajso tesied for short-term
solveny resistance using acctone, MEK, isopropyl aleo-
hal, cthanol and glycerol. Solven resistance was tested
by vigorcusly wiping the coared Jons with & sturmexd
lens wiper with cach of the immediately above-men-
tioned solvents to devermine if there are any detrimenial
effects 1o the coating. The solvents wers applied at
oM temperature with no apparent cffects on the coat-
ing,

EXAMPLE 2

In this test series, different photoinitisiors were eval-
valed in an otherwnes consunt coating formulation
consisting of 100 parts PETA, 1.5 pans photoinidaiar
and 300 parms methylene chloride solvent. Ench expern.
mental forgmianon was floweoatrd onto glass bifocal
rnalds, dried, then UV cured as described in Example 1.

EXAMPLE 3

The same formulation as Eaample 2 was run except
pentgerithrito] tetramethacrylate was substituted for
PETA. The caated molds were found to be vary soft 1o
even light touches of niwe] wool after the ordinary 2- or
&pass UV -cure expomures; cven after 8 passes, the coat-
ing filrs were easily scratched.

Nevertheless, coated molds were flled, cast, and
cured 2s described in Example 1 1o see if sufficieat fur-
ther crosslinking would wke place during CR-39-peroa-
idesinitisted polymenzation of the |ens-coriag cycle.

. The demolded lenscs were of a gand sppearance but

n
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very soft end easily scratched with steel wool. Further
UV post-cure exposure (2 minules Stationgry exposure
under 5.25 inch distance) gave no significant improve-
ment.

EXAMPLE 4

3 PHR benzoyl peroxide was added 1o the coating
corposition of Example 1. Molds were coated, cas,
and cured as in Example 1. No hardness difference was
observed with the peroaide-containing formuletion ver-
sus no peroXide.

Although the present invention bas been described
with rcfersnce 10 preferred embodiments, workers
skilled jn the art will recognize that changes may be
made in form and detait without departing from the
spirit and scope of the invention.

What 13 claimed e

1. A process for producing a coated ophthalmic lens,
the process comprising:

applying a coating compasition t@ the {ace of & mold,

the cosung composition including substantially
only palymeric reectants having at least triscrylzie
functionality, & photoinitiator and & polymerizarion
inhibitor reactive with oxygen and in an amount
insufficient to affect sybstantial curing of the coat-
ing composition and in an amount insufficient 10
substastially affect sbrasron resistance of the coat-
ing:

subjecting the corting tc ulira-violet rediation in

oxygen covironment such thar the reactants are
sobatantially polymerized so thet the coatmg s in a
hard abresion resistant sate with sufficient acryiatc
functuonality at & lens/coating interface for further
reaction;

filling the lens mold with a lens-forming material;

permitting the lens-forming material o herden and

react with the acrylate groups at the lenc/caating
interface; and

removing the hardened lens with coeting from the

mold.

1. The process of claim 1 wherein the reactants are
reactants for forming penwerythrital wracrylste

3. The process of claim 1 wherein the photoinitazor is
sclected from the group consisting of aroketones and
aromatic-containing ketones

At this point, differing degrees of cure. were abserved | ... 4. The process of claim 3 wherein the photeinitistor

when steel wool was rubbed over the camed mold's

surface using the phousmitiarors set forth below:
I-hydroxy cyclohexyl pheny) ketone . . . Excellent
2,1 dimethoxry 2-phenyl acetophenone . . - Good
eutectic 1:1 blend of 1. and benzophenone . . . Poor--

Fair
The coated molds were assembled, filled, and cured pey
Esample |, and the demolded lensss were agaim tested

&0

65

includes |-hydroxy-cyclohexyl-phenyl ketoge.

5. The process of claim & wherein the concentration
of 1-hydroxy-cyclohexyl-phenyl ketone is in the sp-
proximate range of 0.1% 10 Y0% by weight of the poly-
meric reaciants

6. The process of claim $ wherzin the conzentranon
of 1-hydroxy-cycloheayl-pheny! ketone is in the ap-
proxmate range of 2% w 5% by wrigh of the poly-
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7. The process of claim 1 whesein the polymerization
inhititor & mouoethy] crber hydroguinene.

8. The process of claim 7 wherem the concentration
of monoethyletherhydroquinone is in the approxmate
range of 100 to 2000 parts per million by weight of the
polymeric resciants

9. The process of clajm 8 wherein the concentration
of methylethylhydroquinoae is approximately 350 parts
per million by wdight of the palymeric reactants

10. The process of clam 1 wherein the coating com-
‘pasition {urther includes methylene chiorde salvent.

I1. The process of claim I wherein the reactanms
having rracrylate functionality have a molecular
weight of ksy than 2000,

12, The process of claim 11 wherein the rescrants
having triscrylate funcrionality have a molecular
weight of less thar 600,

13. The process of claim 1 wherein the lens-forming
rmareriz} is selected from the groop comsisting of mamo-
mer ar prepolymer for forming methylmethacrylate,
allyldiglycn] carhooate and hlends thereof.

14. A procoss for producing a coated ophihalmic lens,
the process comprising:

applying a coarng composition in 2 solvent to the

face of a mald, the coaling composition including
raonomeric or palymeric reacianss having ar jeast
macrylate functionality, a photomitiatar snd a
polymerization inhibitor resctive with orygen and
in an amount insufficient to affect subseantial cur-
ing of the coaling composition and in an amount
meufficient {0 substancially affect abrmion ress-
tance of the coating;

subjecting the costing prior to flling the mold with

lens-forming material to ultraviclet radiation of as
least approximerely 1 Joule/cm 2 in oxygen envi-
ronment such that the reacyams are potymerized so
that the coatirg is in a hard abrasion resistane state
with sufficitnt acrylste funcuionality a1 2 lens/coat-
ing interface for further reacrion;

filling the lens mold with s lens-forming material;

$
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10
permmming the lens-forming material 1o harden and
react with the scrylaie groups at the kxns/coating
interfare; and

Temoving the hardened Jens with coating from the

mold.

18. The process of claim 14 wherein the reactants are
reactants for forming pentaerythrinl teeracrylate.

16. The process of claim 14 wherein the photoinitia-
tor is selected from the group consisnng of arokeiones
and aromaticcostiining ketones,

17. The proces of claim 14 wherein the photoinitia.
tar includes 1-hydroxy-cyclohexyl-pbany! ketone,

18, The process of clsim 17 wherein the concentra-
tion of l-hydioxy-cyclohexyl-phenyl ketone is in the
approximate mnge of 0.1D o [0% by weight of the
polymeric reactants,

19. The process of claim I8 wherrin the concentra-
tion of l-hydroxy-cyclohexyl-phenyl ketone is 1 the
appreximate range of 2% to 5% by weight of che poly-
mrTTic reactams.

. The process of claim 14 whermin the polymeriza-
tion inhihitor is monocthyl ether hydroguinone,

21. The process of claim 20 wherein the concentra-
tion of monoethyletherhydroquinone is in the approal-
mate range of 100 to 2000 parts per nnthon by weoight of
the polymeric reactants.

22 The process of claim 21 wherein the concentra-
tion of methylethylhydroquinone 1 approximately 350
parts per million by weight of the polymerie reactancs.

13. The process of clum 14 wherein ibe costing com-
position further includes methylene chionde solvent.

24. The proces of claim 14 wherein the reactanss
having triacrylate functiopality have s moleccular
weight of less than 2000,

25. The process of claim 24 wherein the reactents
having triacrylate functionslity have a molecular
weight of jess than 600.

26. The process of claim 14 wherein the lens-forming
malcrial is sclected from the group consisting of mono-
mer or prepolymer for forming methylmethacrylate,
allyidiglycal carbonate and blénds thereof.

»
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TO: REPORT ON THE
Commissioner of Patents and Trademarks FILING OR DETERMINATION OF AN
Washington, D.C. 20231 ACTION REGARDING A PATENT

In compliance with the Act of July 19, 1952 (66 Stat. §14; 35 U.S.C. 290) you are hereby advised
that a court action has been filed on the following patent(s) in the U.S. District Court:

DOCKET NO. DATE FILED U.S. DISTRICT COURT

00cv2342BTM(JAH) 11/21/2000 United States District Court, Southern District of California
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Signet Armorlite Inc. Optical Dynamics Corporation

PATENT NO. DATE OF PATENT PATENTEE

15,049,321 09/17/1991 George Galic/Signet Ammorlite Inc.
2
3
4
5

In the above-entitled case, the following patent(s) have been included:

DATE INCLUDED INCLUDED BY
Amendment D Answer D Cross Bill D Other Pleading
PATENT NO. DATE OF PATENT PATENTEE
1
2
3
4
5

In the above-entitled case, the following decision has been rendered or judgment issued:

DECISION/JUDGMENT

CLERK (BY) DEPUTY CLERK DATE

Copy | - Upon initiation of action, mail this copy to Commissioner Copy 3 - Upon termination of action, mail this copy to Commissioner

Copy 2 - Upon filing document adding patent(s), mail this copy to Commissioner Copy 4 - Case file copy
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